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Aone the Diionaries of Arts and Sciences which have been publithed, of late 
years, in various parts of Europe, it is matter of furprife that Philofophy and Mathe- 
matics fhould have been fo far overlooked as not to be thought Worthy of a feperate 
Treatife,*in this form. Thefe Sciences conftitute a large portion of the prefent flock 
of human knowledge, and have been ufually confidered as pofitffing a degree of im. 
portance to which few others are entitled; and yet we have hitherto had tio difinet 
Lexicon, in which their tonftituent parts and technical terms have been explained, with 
that amplitude and precifion, which the great improvements of the Moderns, as weil az 
the rifing dignity of the Subject, fecm to demand, 


‘Tax only works of this kind in the Englith language, deferving of notice, are Uar- 
- wis’ Lexicon Technicum, and Stone's Mathematical Diionary ; the former of which, 
though a valnable performance at the time it was written, is now become too dry and 
obfolete to be referred to with pleafiure or fatisfa@ion : and the latter, confifiing only 
of one volume in 8vo, muft be regarded merely as an unfinifhed fhetch, or brictf 
compendium, extremely limited in its plan, and neceflarily deficient in ufeul ins 
formation. 


Ir became, therefore, the only refource of the Reader, in many cafes v here + 
tion was wanted, to have recour{e to Chambers’s DiGivnary, in four large Volume ction, 
' or to the Encyclopzedia Britannica, now in cightecn large volumes 4to, or the {till mee 
ftupendous performance of the French Encyclopedifis ; aad even hese his Capped. 
tions might be frequently difeppointed. Thefe great and ufetul works, ainsiig: ata 
general comprehenfion of the whole circle of the Sciences, are fometimes very dei. 
cient in* their deferiptions of particular 7" 3 it being almoft impoflible, js: fze'; 
: extenfi 
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‘éxte, Gye undertakings, to appreciate, with’ exactnels, the.due.value of every article: 
They ada, Befides,. fo yoluminows-and heterogencoys in their nature, as to render 

va frequent reference to them ‘extremely 4 pe _and even if this were not the 
eafe, their high. price puts them out of the reach of the generality of sealers 


Winn a view to obviate thefe defeds, the Public a are here. prefented with a Dic- 
tionary of a moderate fize and price, which is devoted folely to Philofophical and Ma- 
thematical fubjeds. tis a work 4or whieh, materials: have been, ycollecting through a 
courfe of. many years 3 and i is the refult of great labour and reading. Not only ‘moftt of é 
the Encyclopedias already extant, and the various publications of the Learned Societies: 
throughout Europe, have been carefully confulted, but alfo all the original works, of 
any reputation, which have hitherto appeared upon thefe fubjets, from the earlictt 

titers down ta the prefent times. 


From the latterof thefe fources, in particular, 2 éonifiderable- partion of information 
has been obtained, which the eurious rcader-will find, in many cafes, to be Highly in=” 
terefiing and important. The Hiftory of Algebra, for inftance, which’ is detailedat 
confiderable length in the Firft Volume, under the head of that. Article, Will afford 

 fufficient evidence to thew in what’ a’ fipérficial and partial way the inquiry has been 
hitherto inveftigated, even by profefed. writers on the: fubjedt's the principal of whont 
are M. Montucla, our countryman the celebrated Dr. Wallis, and the Abbé De Gua, 


a late French author, who has eae to cone the Doétor’s errors and maetpeen: 
_ tations, Poon - 


REGULAR’ hiftotical details are in like manner given of the origin and progref of 
cach of thefe Sciences, as well as of the inventions and improvements ‘by” “whtehrthey> 
have. been gradually brought from their firft rade beginnings to their prefent-ad- 
vanced ftate. 

Ir is alfo to be obferved, that befides the articles common to the generality of 
Dictionaries of this kind, an interefting Biographical Account is here ntroduced 
“of the moft celebrated Philofophers and Mathematicians, both ancient and modern ; 
amoung which will be found thé Lives of many eminent characters, whe Rave hi- 

’ therto been either wholly overlooked, or very imperfectly recorded. Complete’ lifts of 
their works are alfo fubjoined to each: Article, where they could be procured; whieA 
cannot but prove highly acceptable to that clafs of readers, who aré-defirons- of ob- 
taining the moft: fatisfactory information upon the fubjects of’ their particular ¢ enqui- 
ries and purfuits. On the -head of Biography however the! Author hes THIF to 
lament the want of many other refpodable; names which he was defirous to havé adiled 
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to: his ijt of authors, not having been ablo to procure any circumftantial dcgixfits 0f- 
their lives. He could. have wifhed to have comprifed in his lif, the zits of all 
fuch public literary chara@ers as the Univerfity Profetiors of Aftronomy, Philofophy and 
Mathewartits; a3 well as thofe of the other more refpectable clafs of Authors on thofe 
Sciences. He-will therefore thankfully receive the communication of any fuch memoirs 
from the hands of gentlemen poffefied of them; as well as hints ‘and information on 
fuch ufeful improvements in. the feiences as may have been overlooked in this Dic. | 
tionary, or any articles that may here have been imperfectly or incorrectly treated; that. 
4c may at fome fature time, by adding them to this work, render it flill more complete 
and deferving the public notice. 


As this work isan attempt to feparate the words in the fciences of Afironomy, Mathe-. 
rratics, and Philofophy, from thofe of other arts or feicnces, in feveral of which there 
are already feparate Dictionaries ; as in Chemifity, Geography, Mufic, Marine and: 
Naval affairs, &c ; words fometimes’ occurred which it was rather doubtful whe- 
ther they could: be eonfidered as properly belonging to the prefent work or ‘uot ; 

“$n which cafe many of fuch words have been here inferted. But fuch as appeared 
clearly and peculiarly to belong to any of thofe other fubjects, have been either wholly 
omitted, or elfe have had avery {hort aceount only given of them. The rcaders of this 
work therefore, recollecting that it is not a General Dictionary of all the Arts and 
Sciences, will not expect to. find all forts of words and fubjects here treated of; but 
fuch only as peculiarly appertain to the proper matter of the work, And therefore,. 

_although fome few words may inadver rtently have been omitted ; yet when the Reader 
does not immediately find every word which he withes to confult, he will mot always. 
confider them as omiffions of the Author, but for the moft part as relating to fome other 

* {éience foreign to this Didtionary. 


Iw all cafes where it could be conveniently done, the- neceffary figures and dia- 
grams are inferted in the fame page with the fubjects which they are defigned to 
‘elucidate ; a method which will be found much more commodious than that of 
putting them in feparate plates at the end of each volume, but, which has added 
very confiderably to the expence of the undertaking: where the fubjeéts are of 
fuch.a nature that. they could not be otherwife well reprefented, they are engraved om) _ 
Copperplates, : 


As the whole of this work was written before it was put to the prefs, the Reader 
will find it of an equal and uniform nature and confiruGion throughout ; in. 
which .refpect many publications of this kind are very’ defective, from the fub- 
jects being diffufely treated under the firft letters of the alphabet, while articles 


at 
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of equ “importance in the latter part are fo much abridged as to be rendered al- 
moft wfelNs, in order that the whole might be compprifed in a limited number of 
fheets, according to propofals made hefore the works were compofed. The pre- 
fent Digtionary having been completed. without any of thefe unfavourable circum- 
ftances, will be found in moft cafes equally inftructive and ufeful, and may be 
confulted with no lefs advantage by the Man of Science than the Student. 
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BACIST, an Arithmetician, In this fenfe we 

“\.: find the word. ufed by William of Malme(bury, 
in his Hiftory de Geflis Anglorum, written about the 
year 1150; where he fhews that one Gerbert, alearned 
monk of France, who was afterwards made pope of 
Rome in the year 998 or 999; by the name of Silvefter 
the 2d, was the ok who got from the Saracens the 
abacus, and that ‘he taught fuch rules concerhing it, as 
the Abacifts themfelves could hardly underftand. 

ABACUS, in Arithmetic, an ancient inftrument ufed 
hy moft nations for cafting up accounts, or performing 
arithmetical calculations: it is by fome derived from the 
Greek aa£, which fignifies a cupboard or beaufet, per- 
haps from the fimilarity of the form of this inftrument ; 
and by others it is derived from the Phoenician abak, 
which fignifies duit or powder, becaufe it was faid that 
this inftrument was fometimes made of-a fquare board 
or tablet, which was powdered over with fine fand or duit, 
in which were traced the figures or charaéters ufed in 
making calculations, which could thence be eafily de- 
faced, and the abacus refitted for ufe. But Lucas Pa- 
ciolus, in the firft part of his fecond diftin&tian, thinks it 
is a corruption of Arabicus, by which he meant their 
Algorifm, or the method of numeral computation re- 
ceived from them. : 

We find this inflrument for computation in ufe, ander 
fome variations, with moft nations, as the Greeks, Ro- 
mans, Germans, French, Chinefe, &c. 

The Grecian abacus was an oblong frame, aver 
which were itretched feveral brafs wires, ftrung with 


little ivory balls, like the beads of a necklace ; by the © 


various arrangements of which 


all kinds. of computa- 
Vou. L ~ XN 
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tions were eafily made. Mahudel, in Hift. Acad, R. 
Tnfer. t. 3. p. 390. ; 
The Roman Abacus was little varied from the Gre- 
cian, having pins liding in grooves, inftead of ftrings or 

wires and beads. Philof. Tranf, No. 180. 

The Chinefe Abacus, or Shwan-pan, like the Gre- 
cian, confifts of feveral feries of beads ftrung on brafs 
wires, ftretched from the top to the bottom of the in- 
ftrument, and divided in the middle by a arofs piece 
from fide to fide. In the upper {pace every ftring has 
two beads, which are each counted for 53 and inthe 
lower fpace every firing has five beads, of different 
values, the firft buing counted as 1, the fecond .as 10, 
the third as 100, and fo on, as with us, See Sawan- 
PAN. 

The Abacus chiefly ufed in European countries, is 
nearly upon the fame principles, though the ufe of it is 
here more limited, becanfe of the arbitrary and unequal 
divifions 6f money, weights, and meafures, which, in 
China, are all divided in ‘tenfold proportion, like ‘qu: 
fcale ef common numbers. This is made by drawing, - 
any number of parallel lines, like paper ruied for mufic, ~ 
at fuch a diftance as may be at leaft equal to twice the 
diameter of a calculus, or counter. Then the value of 
thefe lines, and of the fpaces between them, increafes, 
from the loweft to the higheft, in a tenfold proportion. 
‘Thus, counters placed upon the firtt line, fignify fo many 
units or ones ; on the fecond line 10’s, on the third 
line 100’s, on the fourth line 1000's, and fo on: in 
like manner a counter placed im the firtt fpace, between 
the firft and fecond line, denotes 5, in the fecand fpace 
50, in the third fpace 500, in the fourth fpace 5000, 
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Sorthat there are never more than four 





{4 op. 
count laced on any line, nor more than one placed 
in any {paee, this being of the fame value as five coun- 


line below, So the counters on the 
ure here below, exprefs the number 


ters on the neh 
Abacus, in the 
or fum 47382. 


10060 
1000 
100 


10 





Befides the above inftruments of computation, there 
have been feveral others invented by different perfons ; 
as Napier’s rods or bones, defcribed in his Rabdologia, 
which fee under the word Napier; alfo the Abacus 
Rhabdologicas, & variation of Napier’s, which is de- 
{cribed im the firtt vol. of Machines et Inventions ap- 
prowvées par P Academie Royale des Sciences. An in- 
genious and general one was alfo invented by Mr. Ga- 
maliel Smethurft, and-is defcribed in the Philofophical 
TranfaGtions, vol. 46; where the inventor remarks that 
computations by it are much quicker and eafier than by 
the pen, are lefs burthenfome to the memory, and can 
be performed by blind perfons, or in the dark as well as 
in the light, very comprehenfive inftrument of this 

_ kind was alfo contrived by the late learned Dr. Ni- 
cholis Saunderfon, by which he performed very intri- 
cate calculations: an account of it is prefixed to the 
firft volume of his Algebra, and it is there by the editor 
galled Palpable Arithmetic : which fee. 

Anacus, Pythagorean, fo denominated from its in- 
ventor, Pythagoras; 2 table of numbers, contrived for 

readily learning the principles of arithmetic ; and was 

probably what we now call the multiplication-table. 
Asacus, or Anaciscus, in Architedure, the upper 
part or member of the capital of a column ; ferving as 
a crowning both to the capital and to the whole co- 
umn. Vitruvius informs us that the Abacus was ori- 
ginally intended to reprefent a {quare flat tile laid over 
an urn, or a bafket; and the invention is afcribed to 
Calimachus, an ingenious ftatuary of Athens, who, it is 
faid, adopted it on obferving a {mall bafket, covered 
with a tile, over the root of an Acanthus plant, which 
ew on the grave of a young lady; the plant fhoot- 
inv up; encompaffed the batkés all around, till meeting 
tthe tile, it curled back in the form of ferolls : 
nachus paffing by, took the hint, and immediately 
‘ed a capital on this plan 5 reprefenting the tile by 
“¢ Abacus, the leaves of the acanthus by the volutes or 
ferolls, and the bafket by the vafe or bedy of the ca- 

+ pital. See Acantuus. J 

- Abacus is alfo ufed by Scamozzi for a concave mould- 
ing in the capital of the Tufcan pedeftal. And the 
word is ufed by Palladio for other members which he 
defcribes. Alfo, in the ancient archite€ture, the fame 
term js ufed to denote certain compartmenta in the iv- 
eruftation or lining of the wails of ftate-soome, mofai 

pavements, and the like. There were Abaci of marble. 
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- or inftruments. of many ftrings, 
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porphyry, jafper, alabafter, and even gleles varioufly 
fhaped, as iquare, triangular, and fuch-hke. 

Anacus Logifficus is a right angled triangle, whofe 
fides, about the right angle, contain all the numbers 
from 1 to 6033and its area the products of each two of 
the oppofite numbers. This is alfo called a canon of 
Jexagefimals, and is'‘no other than‘a multiplication-table 
carried to 60 both ways. 

Asacus ¢9 Palmule, in the Ancient Mufic, denote 
the machinery by which the flrings of the polyplectra, 
were firuck, with a 
plectrum made of quills. 

Anacus Harmonicus is ufed by Kircher for the ftruc- 
ture and difpofition of the keys of a mufical inftrument, 
either to be touched with the hands or feet. 

Anacus, in Geometry, a table or flate upon which 
fchemes or diagrams are drawn. 

ABAS, a weight ufed in Perfia for weighing pearls ; 
and is an eighth part lighter than the European carat. 

ABASSI, a filver coin current in Perla, deriving. 
its name from Schaw Abbas II. King of Perfia, and is 
worth near eighteen pence Englifh money. 2 

ABATIS, or Azattrs, from the French abatire, to 
throw,down, or beat down, in the Military Art, denotes 
a kind of retrenchment made by a quantity of whole 
trees cut down, and laid lengthways befide each other, 
the clofer the better, having all their branches pointed 
towards the enemy, which prevents his ap roach, at the 
fame time that the trunks ferve as a breait-work before 
the men. The Abattis isa very ufeful work on moft 
occafions, efpecially on fudden emergencies, when trees 
are near at hands. and has always been practifed with 
confiderable fuccefs, by the ableft commanders in ‘alt 
ages and nations. 

ABBREVIATE; to abbreviate fraétions in arith- 
metic and algebra, igto leffen proportionally their terms, 
or the numerator and denominator ;_ which is performed 
by dividing thofe terms by any number or quantity, 
which will divide them without leaving a remainder, 
‘And when the terms cannot be any farther fo divided, 
the fraction is faid to be in its leaft terms, 


So 68 
24. «12 
by dividing the terms continually by 2+ 
And 2% = 242 2 PHL 
og 2628 CD 
by dividing by 2, 3s and 7. 


gx8xs5  8xs 


Alfo 7 = SAK S 205 


by dividing Ly 3 and by 2. 


ssi 


12zabx* _3bx snags 
And Gar rat by dividing by 4 ax. 
abt+b%~ — b? Seg 3 
And meee by dividing by a+. 
ABBREVIATION, of fraétions, in Arithmetie 
and eo the reducing them to lower terms.’ 
ABERRATION, in Affronomy, an apparent mo- 
tion of -the celeftial bodies, occafioned by the.pro- 
creff-» motion of light, and the earth’s annual motion 
s  tbite 
ffe& may be explained and familiariaed by the 
motive 
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motion of a line parallel to itfelf, much after the manner - 


that the compdfition and refolution of forces are ex- 
plained. 4f light have a progreffive motion, let the 
proportion-of its yelocity to that 
of the earth in the orbit, be as 
es the line BC to the line AC; 
then, by the compofition of shefe 
two motions, the particle “of 
light will feem to defcribe the 
line BA or DC, inftead of its 
real courfe B €; and willappcar 
in the direétion A B or C D, in- 
flead of its true direétion C B. 
So that if AB reprefent a tube, 
carried with a parallel motion by 
an obferver along the line AC, 
in the time that a particle of light 
would move over the {pace BC, 
the different places of the tube being A B, a4, ed, CD; 
and when the eye, or end of the tube, is at A, let a 
particle of light enter the other end at B; then when 
the tube is at a 4, the particle of light will be at ¢, exa@ly 
in the axis of the tube 5. and when the tube is at ¢ d, the 
* particle of light will arrive at ‘f, flill in the axis of the 
tube; and laitly, when the tube arrives at C D, the par- 
ticle of light will arrive at the eye or point C, and con- 
fequently will appear to-come in the direétion DC of 
the tube, inftead of the true direion BC. And fo 
on, one particle fucceeding another, and forming a con- 
tinued ftream or ray of light in the apparent direétion 
DC. So that the apparent angle made by the ray of 
light with the line A E, is the angle DCE, inftead of 
the true angle BCE; and the difference) BC D or 
ABC, is the quantity of the aberration. 

M. de Maupertuis, in his Elements of Geography, 
gives alfo a familiar and ingenious idea of the aber- 
ration, in this manner: “ It is thus,’* fays he, ‘ con- 
cerning the direétion in which a gun muft be pointed 
to ftrike a bird in ite flight; initead of pointing it 
thraight to the bird, the fowler will point a little before 
it, in the path of ite flight, and that fo much the more 
as the flight.of the bird is more rapid, with refpe& to 
the flight of the fhot.’” In this way of confidering the 
matter, the flight of the bird reprefents the motion of 
the carth, or the line AC, in our fcheme above, and 
the flight of the fhot reprefents the motion of the ray 
of light, or the line BC, ; 

Mr, Clairaut too, in the Memoires of the Academy of 
Sciences for the year 1746, illuftrates this effet in a 
familiar way, by fuppofing drops of rain to fall rapidly 
and quickly after-each other from a-cloud, under which 
a perfon moves with a very narrow tube ; in which cafe 
it is evident that the tube muft have a certajn inclina- 
tion, in order that a drop which enters at the top, may 
fall freely through the axis of the tube, without touchin: 
the fides of it; which inclination muft be more or ele 
according to the velocity of the drops in refpe& to that 
of the tube: then the angle made by the dire@tion of 
the tube and of the falling drops, is the aberration arif- 
ing from the combination of thofe two motions. 

‘This difcovery, which is one of the brighteft that have 
been fhade in the prefent age, we owe to the accuracy 
and ingenuity of the late Dr. Bradley, Aflrongmer 
Royal ; to which he was occafionally led by the refult 
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of fome accurate obfervations which h@ had made with 
another view, namely, to determine the annual. parallax 
of the fixed, ftars, or that which arifes from the motion 
of the earth‘in its annual orbit about the fun. 

The annual motion of the earth about the fun had 
been much doubted, and warmly contefted. The de-~ 
fenders of that motion, among other proofs of the re- 
ality of it, conceived the idea of adducing an incon- 
teftable one from the annual parallax of the fixed ftars, 
if the ftars fhould be within fuch a diftance, or if im- 
ftruments and obfervations could be made with fuch ac- 
curacy, as to render that parallax fenfible, And with 
this view various attempts have been made. Before the 
obfervations of M. Picard, made in 1672, it was the 
general opinion, that the flars did not change their po- 
fition during the courfe of a year. Tycho Brahe and, 
Ricciolus fancied that they had affired themfelves of it 
from their obfervations; and from thence they concluded 
that the earth did not move round the fun, and that 
there was no annual parallax in the fixed flars. M. Pi- 
card, in the account of his Voyage d’ Uranibourg, made 
in 1672, fays that the pole ftar,.at different times of 
the year, has certain variations which he had obferved 
for about 10 years, and which amounted to about 407 
a year: from whence fome who favoured the annual 
motion of the earth were led to conclude that thefe vas 
riations were the effect of the parallax of the earth’s 
orbit. But it was impoflible to explain it by that pa- 
rallax ; becaufe this motion was in a manner contrary to 
what ought to follow only from the motion of the earth 
in her orbit. ; 

tn 1674 Dr. Hook publifhed an account of obfer- 
vations which he faid he had made in 1669, and by 
which he had found that the ftar y Draconis was 23°” , 
more northerly in July than in OGober: obfetvations 
which, for the prefent, feemed to favour the opinion of 
the earth’sgnotion, although it be now known that 
there could not be any truth or accuracy in them, 

Flamfteed having obferyed the pole ftar with his 
mural quadrant, in 1689 and the following years, found 
that its declination was 40” lefs in July than in De- 
cember; which obfervations, although very juft, were , 
yet however improper for proving the annual parallax s 
and he recommended the making of an inftrument of 
15 or 20 feet radius, to be firmly fixed on a ftrong 
foundation, for deciding a doubt which was otherwile 
not fon likely to be brought to a conclufion. 

In this flate of uncertainty and doubt, then, Dr. 
Bradley, in conjunGion with Mr. Samuel Molineux, 
in'the year 1725, formed the project of verifying, by 
a feries of new obfervations, thofe which Dr. look 
had_ communicated to the public almoft 50 years 
before. And as it was his attempt that chiefly’ 
gave rife to this, fo it was his method in making the 
obfervations, in fome meafure, that they followed ; for 


‘they made choice’of the fame ftar, and their inftrument 


was conftructed upon nearly the fame principles! but 
had it not gréatly exceeded the former in exa@uefs, 
they might fill have continued in great uncertainty as” 
to the parallax of the fixed fiars, And this was chiefly 
owing to the accuracy of the ingenious Mr. George 
Graham, to whom the lovers of aftronomy are alfo in- 
debted for feveral other exaét and convenient inftru- 
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The fuccefs then of the intended experiment, ‘evi- 
dently depending very much on the accuracy of the in- 
ftrument, that leading obje&t was firlt to be well fe- 
cured, Mr. Molinenx’s apparatys then having been 
completed, and {ted for obferving, about the erd of 
November 1725, on the third day of December fullow- 
ing, the bright fiar in the head of Draco, marked y by 
Bayer, was for the firlt time obferved, as it pafled near 
the zenith, and its fituation carefully taken with the in- 
ftrument. The like obfervations were made on the 
fifth, eleventh, and twelfth days cf the fame month 5 
and there appearing no material difference in the place 
‘of the ftar, a farther repetition of them, at that feafon, 
feemed needlefs, it being a time of the year in which 
no fenfible alteration of parallax, in this ftar, could foon 
be expected. It was therefore curiolity that chiefly 
urged Dr. Bradley, being then at Kew, where the in- 
firoment was fixed, to prepare for obferving -the ftar 
again on the 7th of the fame month; when, having 
adjufted the,initrament as ufual, he perceived that it 
paffed a little more foutherly this day than it had done 
before. Not fufpecting any other caule of this appear- 
ance, they frit concluded hat it was osviug to the un- 
certainty of the obfervations, and that either this, or 
the foregoing, was not fo cxagt as they had before fup~ 
poled. For which reafon they propofed to repeat the 
obfervation again, to determine from what caufe this dif- 

. ference might proceed: and upon doing it, ov the zoth of 
December, the doctor found that the far paffed fill more 
foutherly than at the preceding obfervation. This fen- 
fible alteration furprifed them the more, as it was the 
contrary way from what it would have been, had it 
-proceeded from an annual parallax of the flar. But 
being now pretty well fatisfied, that it could not be en- 
tirely owing to the want of cxaétnefs in the obferva- 
tions, and having nu notion of any thing elfe that could 
caufe fuch an apparent motion as this in ge ftar; they 
began to fufpeét that fome change in t aterials, or 
fabric of the tnftrument itfelf, might have occafioned it. 
Under thefe uncertainties they remained for fome time ; 
but being at length fully convinced, by feveral trials, of 
the great exactnefs of the initrument; and finding, by 
the gradual increafe of the ftar’s diftance from the pole, 
that there mui be fome regular caufe that produced it; 
they took care to examine very nicely, at the time of 
each obfervation, how much the variation was; till 
about the beginning of March 1726, the ftar was found 
to be 20’ more foutherly than at the time of the firlt 
obfervation: it now indeed feemed to have arrived at its 
utmott limit fouthward,. as in feveral trials, made about 
this time, no fentible difference was obferved in its fitu- 
atjon. By fhe middle of April it appeared to-be re- 
“turning back again towards the north; and about the 
beginning of June, it paffed at the fame diftance from 
the zenith, as it had done in December, when it was 
firit obferved. 

From the quick alteration in the declination of the 
flar about this timc, increafing about one fecond in 
three days, it was conjeGtured that it would now pro- 
ceed northward, as it had-before gone fouthward, of its 
prefent fituation ; and it happened accordingly ; for 
the flar continued to move northward till September 
following, when it became ftationary again ; being then 
near 20” more northerly than in June, and upwards of 
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39% more northerly than it had been in March. From 
September the far again returned towards the ‘fouth, 
till, in December, it arrived at the fame Gituation in 
which it had been obferved twelve months before, allow- 
ing for the difference of declination on account of the 
preceffion of the equinox. 6rd 

"Rhis was a fufficient proof that the inflramcnt had 
not been the caufe of this apparent motion of the dlars 
and yet it {cemed difficult to devife one that fhould be 
adequate to fuch an unufual effeét. A nutation of the 
earth’s axis was one of the firtt things that offered itfelf 
on this occafion; but it was foon found tobe isfuf- 
ficient; for though it might have accounted for. the 
change of declination in y Draconis, yet it would not 
at the fame time accord with the phenomena obferved 
in the other ftars, particularly in a fimall one almoft op- 
pofite in right afcenfion to y Draconis, and at about 
the fame dillance from the north pole of the equator: 
for though this ftar feemed to move the fame way, a 
putation of the earth’s axis would have made it; yet 
changing its declination but about half as much as ¥ 
Draconis in the fame time, as-appeared on comparing 
the ubfervations of both made on the fame days, at dit. 
ferent feafons of the year, this plainly proved that the 
apparent motion of the flar was not occafioned by a 
real nutation; fince, had that been the cafe, the alter- 
ation in both ftars would have been nearly equal. 

The great regularity of the obfervations left no room 
to doubt, but that there was fome uniform caufe by 
which this unexpeéted motion was produced; and which 
did not depend on the uncertainty or variety of the 
feafons of the year. Upon comparing the obfervations 
with each other, it was difcovered that, dn ‘both the 
ftars above mentioned, the apparent difference of decli« 
nation from the maaima, was always nearly proportional 
to the verfed fine of the fun’s diltance from the equi- 
noétial points. This was an inducement to think that 
the caufe, whatever it was, had foire relation to the 
fun’s fituation with refpe& to thofe points. But not 
being able to frame any hypothelis, fufficient to account 
for all the phenomena, and being very defirous to Te rch 
alittle farther into this matter, Dr. Bradley began to 
think of ereéting an inftrument for himfelf at Wanttead 5 
that, having it always at hand, he might with the more 
eafe and certainty enquire into the laws of this new 
motion. "The confideration likewife of being able, by 
another infirument, to confirm thé truth of the ob- 
fervations hitherto made with that‘of Mr. Molineux, 
was no fmall inducement to the undertaking ; but the 
chief of all was, the opportunity he fhould thereby have 
of trying in what manner other ftars fhould be affected 
by the fame caufe, whatever it might be. For Mr. Moli- 
neux’s inftrument being originally defigned for obferving 
y Draconis, to try whether it had any fenfible parallax, it 
was fo contrived, as to be capable of but little alteration 
in its direction ; not above feven or eight minutes of a 
degree : and there being but few ftars, within half that 
diffance from the zenith of Kew, bright enough to be. 
well obferved, he could not, with his initrument, tho- 
roughly examine how this caule affected ftars that were 
differently fituated, with refpeét to the equinoétial and 
folfticial points of the ecliptic. 2. 

"Thefe confiderations determined him; and by the 
contrivance and direGtion of the fame ingenious perfon, 


ca te 








ABE 
Mr. Graham,his inftrnment was fixed up the roth-of 
Auguft 1727. Ashe had no convenient. place where 
he gould make ufe of fo long a telefeope as Mr. Mo- 
lineux’s, he contented himfelf with one of but little 
more than half the length, namely of 12 et and a half, 
the other being 24 fect and a half long, judging from 
the experience he had already had, that this radius world 
be long enough to adjuft the inilrument to a fufficient 
degree of exacinefs: and he had no reafon afterwards 
to change his opinion; for by all his trials he was very 
well fatisiied, that when it was carefully rectified, its 
fituation might be fecurcly depended on to half a 
fecond. As the place where his inftrament was hung, 
in fome meafure determined its radius; fo did it alfo 
the length of the arc or limb, on which. the divifions 
were made, to adjatt it: forthe are could not conve- 
niently be extended farther, than to reach to about 64 
degrees on each fide of his zenith. This however was 
fufficient, as it gave him an opportunity of making 
choice of feveral ftars, very different both in magnitude 
and fituation ; there being more than two hundred, in- 
ferted. in the Britith Catalogue, that might be obferved 
with it. He needed net indeed to have extended the 
limb fo far, but that be was willing to take in Capella, 
the only flar of the firft magnitude that came fo near his 
zenith, : 

His inftrument being fixed, he immediately began to 
obferve fuch flars as he judged moft proper to give him 
any light into the caufe of the ‘motion already men- 
tioned. ‘There was a fufficient variety of {mall ones, 
and not lefs than twelve that he could obferve through 
all feafons of the year, as they were bright enough to 
be feen in the day-time, when neareft the fun. He 
had not been long obferving, before he perceived that 
the notion they Fad before entertained, that.the ftars 
were faitheft north and fouth when the fun was near 
the cquinoxes, was only true of thofe ftars which are 
near the folfticial colure. And after continuing this 
obfervations a few months, he difcovered what he then 
apprehended to be a general law obferved by all the 
flars, namely, that cach‘of them became ftationary, o# 
was fattheft north or fouth, when it paffed over his 
zenith, at- fix of the clock, either in the evening or 
morning. He perceived alfo that whatever fituation 
the flars were in, with refpeét to the cardinal points of 
the ecliptic, the apparent motion of every one. of them 
tended the fame way, when they pafled his inftrument 
about the fame hour of the day or night; for they all 
moved fouthward when they paffed in the day, and 
northward when in the night; fo that each of them 
was fartheft north, when it came in the evening about 
fix of the ‘clock, and fartheft fouth when it came about 
fix in the morning. ' 

Though he afterwards difcovered that the maxima, 
in moft of thefe ftars, do not happen exaétly when they 
pafs at thofe hours; yet, not being able at that time to 
prove the contrary, and fuppofing that they did, he en- 
deavoured to find. out what proportion the greateit 
alterations of declination, in different flars, bore to each 
other; it being very evident that they did not all change 
their declination equally, It has been before noticed, 
that if appeared from Mr, Molinenx’s obfervations, that 
» Draconis changed its declination above twice as much 
as the before-mentioned {mall flar that was nearly op- 
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pofite to it; but examining the mattér wore nicely, he 
found that the greateft change in the declination of 
thefe fars, was as the fine of the latitude of each far 
refpectively. This led him to fufpe& that there might 
be the like: proportion between the guiwina of other . 
flars; but finding that the obfervations of fome of them 
would not perfettly correfpond with fuch an hypothefs, 
and not knowing whether the fmall diference he met 
with might not be owing to the uncertainty and error 
of the obfervations, he deferred the farther examination 
into the trath of this hy pothefis, til he fiould Le further 
furnifhed with a feries of obferv 3 : in all parts 
of the year ; which would enable him not only to-de- 
termine what errors the chier vations mieht be liable to,_ 
or how far they might fafely be depended on; but alfo 
to judge, whether there had been any fenhible change in 
the parts of the infrument itfelt. 

When the year was completed, he began to examine 
and compare his obfervations ; and having: pretty well 
fatisfied himfclf as to the general laws of the pheno- 
mena, he then endeavoured to fiid out the caufe of 
them. He. was already convinced that the apparent 
motion of the flars was not «wing to a nutatiou of the 
earth’s' axis. “Che next that occurred to him, was an 
alteration in the direétion of the plumb-line, by which 
the inftrument was conftantly adjufted; but this, upon 
trial, proved infufficient. Then be confidered what re- 
fraGtion might do; but here alfo he met with no fatif- 
faction, At laft, through an amazing fagacity, he 
conjectured that all the phenomena hitherto mentioned, * 
proceeded from the progreffive motion of light, and the 
éarth’s annual motion iw" her orbit: for he perceived, 
that if light were propagated in time, the apparent 
place of a fied obje&t would not be the fame when the 
eye is at refit, as when it is moving in any otlier direc. 
tion but that of the line pafling through the object and- 
the eye; and that when the cye is moving in different 
direGtions, the apparent place of the objet would be ° 
different. . 

He confidered this matter in the following manner. 
He imagined CA to be a ray of : 
light, falling perpendicularly upon the C 
line BD: then, if the eye be at rett at 
A, the obje&, muft appear in the di- 
reGtion AC, whether light be propa- 
gated in time, or in an infant. But 
if the eye be moving from B towards 
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with a velocity that is to the velacity 
of the eye, as AC to AB; then, 
light moving from C to A, whilft the 
eye moves from B to A, that particle 
of. it by which the objeét will be dil 
cerned, when the eye in its motion 
comes to A, is at C when the eye is 
at B. Joining the points. B, C, he 
fuppofed the line BC to be a tube, 
inclined to the line BD in the angle DBC, and of 
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_fuch a diameter as to admit of but one particle of light : 


then it was eafy to conceive, that the particle of hght 
at'C, by which the object muft be feen when the eye 
arrives at A, would pals through the tube BC, fo in- 
clined to the line B 4, and accompanying the eye in 
its motion from B to A; and that it would not come 
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to the eye, placed behind fuch a tube, if it had any 
other inclination to the line BD.” If, inftead of fup- 
pofing BC fo fmall'a tube, we conceive it to be the 
axis of a largér ; then, for the fame reafon, the particle 
of light at C cannot pafs through that axis, uniefs it be 
inclined to B D in the fame angle D BC, . 

In the like’ manner, if.the eye move the contrary 
way, from D towards A, with the fame velocity ; then 
the tube mutt be inclined in the angle BDC. Although 
therefore the true or real place of an objet, be perpene 
dicular to the line in which the eye is moving, yet the 
vifible place will not be fo;-fince that muft doubtlefs 
be in the direCtion of the tube. But the difference be~ 
tween the true and apparent place, will be, ceteris pas 
ribus, greater or lefs, according to the different pro- 
portions between the velocity of light and thatof the 
eye: fo that if we could fuppofe light to be propagated 
in an infant, then there would be no difference between 
the real and vifible place of an objet, although the eye 
were in motion; for in that cafe, AC being infinite 
With refpe&t to A.B, the angle ACB, which is the 

, difference between the true and vifible place, vanithes. 
But. if light be propaga’sd in time, which was then 
allowed by moft philofophers, then it is evident from 
the foregoing confiderations, that there will always be 
a difference between the true and vilible place of an ob- 
je&t, except when the eye is moving either direétly to- 
wards, or from the object. And in all cafes, the fine 
of the difference between the true and vifible place of 
the object, will be to the fine of the vifible inclination 
of the objeét to the line in which the eye is moving, as 
the velocity of the eye, is to the velocity ‘of light. 

If light moved only 1000 times fafter than thé eye, 
and an object, fuppofed to be at an infitite diflance, 
were really placed perpendicularly over the plane in 
which the eye is moving 5 it follows, from what has 
heen faid, that the apparent place of fuch object will 
always be inclined to that plane, in an angle of 89° 
56°43 fo that it will conftantly appear 3° from its true 
place, and will feem fo much lefs inclined to the plane, 
that way towatds which the eye tends. That is, if 
AC be to AB or AD, as icoo to 1, the angle 
ABC will be 89° 56'4, and the angle AC B 3/3, and 
BCD or zACB will be 7’, if the direction of the,mo- 
tion of the eye be contrary at one time to what it is at 
another. 

If the earth revolve about the fun annually, and the 
velocity of light were to the velocity of the earth’s mo- 
tion in its orbit, as 1000 is to 1; then it ia eafy to. 
conceive, that a ftar really placed in the pole of the 
ecliptic, would to an eye carried along with the earth, , 
feem to change its place continually ; and, neglecting 
the {mall difference on account of the earth’s diurnal 
revolution on ite axis, it would {eem to deferibe a circle 
about that pole, every where diftant from it by 3°4- 
So that its longitude would be varied through all the 
points of the ecliptic every year, hut its latitude would 
always remain the fame, Its right afeention would alfo 
change, and its declination, according to the different 
Situation of the fun in refpect of the equinodtial points; 
and its apparent diftance from the north pole of the 
equator, would be 7/ lefs at the autumnal, than at the 
vernal equinox. 
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The greateft alteration of the place of a ftar, in the 

le of the ecliptic, or, which in effect amounts to the 
fame, the proportion between the velocityeof light and 
the earth’s motion in its orbit, being known, it will 
not be difficult ta find what would be the difference, on 
this,account, between the true and apparent place of 
any other ftar at any time 3 and, on the contrary, the 
difference between the true and apparent place being 
given, the proportion hetween the velocity of light, and 
the earth's motion in her orbit, may be found, 

After the hiftory of this curious difcovery, related 
by the author nearly in the terms above, he gives the 
refults of a multitude of accurate obfervations, made on 
a great number of flars, at all feafons of the year. 
From all which obfervations, and the theory as related 
above, he found that every ftar, in confequence of the 
earth’s motion in her orbit and the progreffive motion 
of light, appeara to defcribe a {mall ellipfe in the 
heavens, the tranfverfe axis of which is equal to the 
fame quantity for every ftar, namely 40” nearly ; and 
that the conjugate axis of the ellipfe, for different ftars, 
varies in this proportion, namely, as the right fine of 
the ftar’s latitude ; that is, radius is to the fine of the 
ftar’s latitude, as the tranfverfe axis to the conjugate 
axis: and confequently a ftar in the pole of the ecliptic, 
its latitude being there 90°, whofe fine is equal to the 
radius, will appear to defcribe a fmall circle about that 
pole as a centre, whofe radius is equal to 20%. He 
alfo gives the following law of the variation of ghe 
ftar’s declination: if A denote the angle of pofition, 
or the angle at the ftar made by two great circles drawn 
from it through the poles of the ecliptic and equator, 
and B another angle, whofe tangent is to the tangent * 
of A, as radius is to the fine of the ftar's latitude ; 
then B will be equal to the difference of longitude be- 
tween the fun and the ftar, when the true and ap- . 
parent declination of the ftar are’the fame. And if 
tl {un’s longitude in the ecliptic be reckoned from that 
point in which it is when this happens; then the dif. 
ference between the true aid apparent declination of 
the ftar, will be always ag the fine of the fun’s longitude 
from that point, It will alfo be found that the greateft 
difference of declination that can be between the true 
and apparent place of the ftar, will be to 20°, the 
femitranfverfe axis of the ellipfe, as the fine of A to the 
fine of B, i 

‘The author then fhews, by the comparifon of a num- 
ber of obfervations made on different flars, that they ex- 
aétly agree with the theory deduced from the progreflive 
motion of light, and that confequently it is highly pro- 
bable that {uch motion is the caufe of thofe variations 
in the figuation of the ftars. From which: he infers, 
that the parallax of the fixed ftars is much fmaller, than 
hath been hitherto fuppofed by thofe, who have pre- 
tended to deduce it from their obfervations. He. 
thinks he may venture to fay, that in the ftars he had 
obferved, the parallax does not amount to 2°; -nay, 
that if if had amounted to 1”, he fhould certainly have 
perceived it, in the great number of obfervations that 
he made, efpecially of Draconis; which agreeing 
with the hypothefis, without allowing any thing for 
parallax, nearly as well when the fun was in conjuction 
with, as in oppofition tp, this flar, it feems very an 
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bable that the parallax of it is not fo much as one 
Gingle feeond ; and con{equently that it is above 400000 
times farther Trom us thanthe fun. : 

From the greateft variation in the place of the ftars, 
namely 40°, Dr, Bradley deduces the ‘ratio of the 
velocity of Hight in comparifon with that of the edth 

+ in her orbit. In the preceding figure, AC isto AB, 
as the velocity of light to that of the earth in her or- 
bit, the angle AC B being equal to 20”; fo that,the 
ratio of thofe velocities is that of radius to the tangent 
of 20”, or of radius to 20°, fince the tangent has-no 
fenfible difference from fo {mall an arc ; but the radius 
of a circle is equal to the arc of §7°3, nearly, or equal 
to 206260”; therefore the velocity of light is to the 
velocity of the earth, as 206260 to 20, or as 10313 
tor. 

And hence alfo the time in which light paffes over 
the fpace from the fun to the earth, is eafily deduced ; 
for this time will be to one year, as AB or 20 to 360° 
or the whole circle ; that is, 360°: 20// :: 365! days: 
8™ 9", namely, light will pafs from the fun to the earth 
in the time of 8 minutes, 7 feconds; and this will be 
the fame, whatever the diftance of the fun is. 

Dr. Bradley having annexed to his theory the rules 
or formule for computing the aberration of the fixed 
ftars in declination and right afcenfion ; thefe rules have 
been varioufly demonftrated, and reduced to other prac- 
tical forms, by Mr, Clairaut in the. Memoirs of the 
Academy of Sciences for 1737; by Mr. Simpfon in his 
Effays in 17405 by M. Fontaine des Crates. in 17445 
and feveral other perfons, he refults of thefe rules 
are as follow: Every ftar-appears to defcribe in the 
courfe of a year, by means PP the aberration, 2 fmall 
ellipfe, whofe'greater axis is 40”, and the lefs axis, per- 
pendicular to the ecliptic, is equal to 40” multiplied by 


the fine of the flar’s latitude, the radius being 1. ° 


The eaflern extremity of the longer axis, marks the 
apparent place of the ftar, the day of the oppofition ; 
and the extremity of the lefs axe, which. is farthelt 
from the ecliptic, marks ite fituation three months 
after, ; 

-The greateft aberration in longitude; is equal to 2077 
divided by the cofine of its latitude. And the ‘aber- 
ration for any time, is equal to 20/ multiplied by the 
cofine of the elongation of the ftar found for the fame 
time, and divided by the cofine .of its latitude. This 
aberration is fubtraétive in the firft and laft quadrant of 
the argument, or of the difference between the longi- 
tudes of the fun and ftar; and additive in the fecond 
and third quadrants. The gredteft aberration in lati- 
tude, is equal to 20// multiplied by the fine of the ftar’s 
Jatiude. And the aberration in latitude for any time, 
is equal to 20! multiplied by the fine of the ftar’s lati- 
tude, and multiplied alfo by the fine of the elongation. 
The aberration is fubtraGtive before the oppofition, and 
additive after it. ‘ ; 

‘The greateft aberration in declination, is equalto 20” 
smiltiplied by the fine of the angle of pofition A, and 
divided by the fine of B the difference-of longitude 
between the fun and ftar when the aberration. in decli- 
nation ie nothing: And the aberration in declination 
at any other time, will be equal to the greateft aberra- 
tion multiplied by the fine of the difference between the 
fan’s place at the given time and his place when the 
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aberration is nothingy Alfo the fine of the latitude of 
the ftar ie to radius, as the tangent of A the angle of 
polition at the ftar, is to the tangent of B, the differ- 
ence of longitude between’ the fun and ftar when the 
aberration in declination is nothing. ‘The greateft aber- 
ration in right-afcenfion, is equal to 29/7 multiplied by 
the cofine of A the angle of pofition, and divided by 
the fine of C the difference in longitude between the 
fun and ftar when the aberration in right alcenfion ia 
nothing. And the aberration in right-afcenfion at any 
other time, is equal to the greateft aberration multiplied 
by the fine of the difference between the fun’s place 
at the given time, and his place when the aberration it 
nothing. Alfo the fine of the latitude of the ftar is 
to radius, as the cotangent of A the angle of pofition, 
to the tangent of C. ‘ < 

ARERRATION of the Planets, is equal to the geocer= 
tric motion of the planet, the {pace it appears to move 
as feen from the earth, during the time that light em- 
ploys in pafling from the planet to the earth. Thus, 7 
in the fun, the aberration in longitude is conftantly 20/, 
that being the fpace moved by-the fun, or, which js the 
fame thing, by the earth, in the time of 8 75, which is 
the time in which light paffes from the fun to the earth, 
as we have feen in the foregoing article. In like man- 
ner, knowing the diftance of any planet from the earth, 
by proportion it will be, as the diftance of the fun is to 
the diftance of the planet, fo is 8™7* to the time of 
light‘paffing from the planet to the earth: then coms 
puting the planet’s geocentric motion in this time, 
that will be the aberration of the planet, whether it be 
in longitude, latitude, right-afcenfion, or declination. 

It is evident that the aberration will be greateft in 
the longitude, and very fmall in latitude, becaufe the 
planets deviate very little from the plane of the ecliptic, 
or path of the earth ; fo that the aberratign in the lati- 
tudes of the planets, is commorily negleéted, as infenfi- 
ble; the greateft in Mercury being only 4/3, and much 
lefs in the other planets. As to the aberrations tin de- 
clination and right-afcenfion, they muft depend on the 


“fituation of the planet in the zodiac. - The aberration 


in longitude, being eyual to the geocentric motion, will 
be more or lefs according as that métion is; it will 
therefore be leaft, og nothing at all, when the planet is 
ftationary ; and greateft in the fuperior planets Mars, 
Jupiter, Saturn, &c, when they are in oppofition to the 
fun ; but in the inferior planets Venus and Mercury, the 
aberration is greateft at the time of their fuperior con- 
jun&tion. Thefe maxima of aberration for the feveral 
planets, when their diftance from the fun is leat, are as 
below: viz, for 


Saturn = - = 27/0 
jupiter - + + 29 8 
Mare - - - 37 °°8 
Venus - + = 43 ‘2 
Mercury - + 59 °o 
The Moon - “3 : 


And between thefe numbers and nothing the aberrations 
of the planets, in longitude, vary according to their 
fituations. But that of the fun varies not, being con- 
ftantly 20”, as has been before obferved. And this 
may alter his declination by a quantity, which varies 
from o to near 8; being greateft or 8// about the 
equinoxes, and vanifhing in the folftices. i 

io 
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The methods of computing thefe,-and the formulas 
for all cafes,’ are given by M. Clairaut in the Memoirs 
of the Academy of Sciences for the year 1746, ‘and 
by M. Euler in the Berlin Memoirs, vol. 2, for 1746. 

Optic Averkation, the deviation or difperfion of 
the rays of light, when reflected by’a fpeculum, or re- 
fraGted by a lens, by which they are prevented from 
meeting or uniting in the fame point, called the geo- 
metrical focus, but are fpread over a fmall fpace, and 
produce a confuliow of images. 
lateral or longitudinal : the lateral aberration is mea- 

- fured by a perpendicular to the axis of the fpeculum 
pr Tens, drawn from the focus to meet the refracted or 
reflected ray : the Iongitudinal aberration is the dif. 
tance, ou’ the axis, between the'focus and the point 
where the vay meets the axis.. The aberrations are 
very amply treated in Smith’s Complete Syftem of 
Optics, in 2 volumes qto. 

There ave two: fpecies of aberration, diftinguifhed 

~ according to their different caufes: the one arifes from 

the figare of the [peculum or lens, producing a geome- 
ical difperfion of the rays, when thefe are perfe@lly 
equal ia all refpects 5 the other arifes from the unequal 
refrangibility of the rays of light themfelves ;.a dif 
covery that was made by Sir Ifaac Newton, and for this 
" seafon it is often called the Newtonian aberration. As 











to the former fpecics of aberration, or that arifing 


from the figure, it is well known that if rays iffue from 
a point at a given diftance ; then they will be reflected 
jnto the other focus of an cilipfe having the given lu- 
minous point for one focus, or direétly from the other 
focus of an hyperbola; and will be varioufly difperfed 
by all other figures. But if the luminous point be 
infinitely diftant, or, which is the fame, the incident 
yays be parallel, then they will be refleéted by a para- 
pola into its focus, and varioully difperfed by all other 
figures, But thofe figures are very difficult to make, 
and therefore curved {pecula are commonly made fphe- 
rical, the figure of which is generated by the reyolu- 
tion of a circular arc, which produces an aberration 


of all rays, whether they are parallel or not, and therefore - 


it has no accurate geometrical focus which is common 
to all the rays. Let BV F reprefent a concave {phe- 
rical fpeculum, whofe centre is C; and let AB, EF 
be incident rays parallel to the axif CV. Becaufe the 
angle of incidence is equal to the angle of reflection in 


A 


EH 





B 


Vv 


allcafes, therefore if the radii CB, CF be’drawn to;the 
points of incidence, and thence B D miaking the angle 
CBD equal to the angle C B A, and F G making the 
angle CF’ G equal to the angle CFE; then BD, FG 


will be the reflected rays, and D, G, the points where - 
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they meet the axis. Hence it appears that the point 
of coincidence with the axis is equally diftant from the 
point of incidence and the centre: for becufe the angle 
CBD is equal to the angle CBA, which is equal to 
the alternate angle B-CD, therefore their oppofite 
fides CD, DB are equal: and in like manner, in any _ 
other, G F isequal to GC. And hence it is evident. - 


~ that when B is indefinitely near the vertex V, then D 


isin the middle of the radius C V; and the nearer the 
incident ray is to the axis C V, the nearer will the re- 
fle€ted ray come to the middle point D; and the con- 
trary. So that the aberration D G of any ray EF G, 
is always more and more, as the incident ray is farther 
from the axis, or the incident point F from the vertex 
V'; till when the diftance V I is 60 degrees, then the 
reflected ray falls in the vertex V, making the aberra- 
tion equal to the whole length DV. And this thews 
the reafon why fpecula are made of a very {mall fegment = 
of a fphere, namely, that all their reflected rays may 
arrive very near the middle point or focus D, to produce 
an image the moft diftinét, by the leaft aberration of 
Eee ‘And in like manner for rays refracted through 
enies, 

In fpherical lenfes, Mr. Huygens has demonftrated 
that the aberration from the figure, in different lenfes, 
is as follows. 

1. In all plano-convex lentes, having their plane fur- 
face’ expofed to parallel rays, the lon gitudinal aberration 
of the extreme ray; or that remoteft from the axis, is 
‘equal to 2 of the thicknefs of the lens. 

2, In all plano-convex lenies, having their convex 
furface expofed to parallel rays, the lou itudinal aber- 
ration of the extreme ray, is equal to % ae the thicknefs 
of the lens, So that in this pofition of the fame plano- 
convex lens, the aberration is but about one- fourth 
of that in the former ; being to it only as 7 to 27- 

3+ In all double convex lenfes of equal f{pheres, the 
aberration of the extreme ray, is equal to $ of the 
thicknefa of the lens. 5 

4. Ina double convex lens, the radii of whofe {pheres 
are as 1 to 6, if the more convex furface be expofed to 
parallel rays, the-aberration from the figure is lefs than 
in any other fpherical lens; being no more than gf of 
its thicknefs. ¢ 

But the foregoing fpecies of aberration, arifing from 
the figure, is very fall, and eafily remedied, in com- 
parifon with the other, arifing from the unequal re- 
frangibility of the, rays of light ; infomuch that Sir 
Tfaac Newton thews in his Optics, pa. 84 of the 8vo. 
edition, that if the object-glafs of a telefcope be plano- 
convex, the plane fide being turned towards the object, 
and the diameter of the {phere, to which the convex 
fide is ground, be 10Q feet, the: diameter of the aper- 


* ture being 4 inches, and the ratio of the fine of inci- 


dence out of glafs into air, be to that of refraGtion, as 
20 to 313 then the diameter of the circle of aberrations 
will inthis cafe be only +-28S0sa0, parts of an inchs 
while the diameter of the little circle, through which, 
the fame rays are fcattered by, unequal refrangibility, 
will be aboutsthe 55th part of the aperture of the ob- 
jeGt-glafs, which here is 4 inches. Aid therefore the 
error arifing from the ipherical figure of the glafs, is to 
the error arifing from the different refrangibility of the 
raysy-as p2SSgeae tO x» that ie as 1 to 5449 Fe 
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So that it may feem flrange that objeGs appear 
throngh telefcopes fovdiftin@ as they-do, confidering 
that the errdr arifing from the different refrangibility, is 
almoft incomparably larger than that of the figure. 
.Newton however folves ite difficulty by obferving that 
the rays, under their -various aberrations, are not {cat 
tered uniformly over all the circular fpace, but collegted 
infipitely more denfe in the centre than in any other 
part of the circle; and that, in the way from the cen- 


tre to the circumference, they grow more and more _ 


rare, fo as at the circumference to become infinitely 
rare; and, by reafon of their rarity, they are not 
ftrong enough to be vifible, unlefs in the centre, and 
very near it. . 

In confequence of the difcovery of the unequal re- 
frangibility of light, and the apprehenfion that equal 
refractions muft produce equal divergencies in every 
fort of medium, it was fuppoted that all fpherical object- 
glaffes of telefcopes would be cqually affected by the 
different réfrangibility of light, in proportion to their 
aperture, of whatever materials they might be con- 
ftrufted: and therefore that the only improvement that 
could be made in reftaéting telefcopes, was that of in- 
creafing their length, So that Sir Ifaac Newton, and 
other perfone after him, defpairing of fuccefs in the ule 
and fabric of lenfes, direfted their chief attention to 
the conftruétion of reflecting telefcopes. 

However, about the year 1747, M. Euler applied 
himfelf to the fubje& of refraction ; and pore a 

. hint fuggefted by Newton, for the delign of making 
*objedt-glaffes with two lenfes of plafs inclofing water 


between them ; hoping that, by conftruing them of , 


different materials, the rcfra€tions would balance one 
another, and fo the ufual aberration be prevented. Mr. 
John Dollond, an ingenious opticiin in London, mi- 
nutely examined this {cheme, and found that Mr. 
Euler’s- principles were not fatisfaGtory. M. Clairaut 
likewife, whofe attention had been excited to the fame 
fubje@, concurred in opinion that Euler's {peculations 
were more ingenious than ufeful. This contraverfy, 
which feemed to be of great importance in the fcience of 


optics, engaged alfo the attention of M. Klingenftierna - 


of Sweden, who was led to make a careful examination. 
of the 8th experiment in the fecond part of Newton’s 
Optics, with the conclufions there drawn from it. The 
confequence was, that he found that the rays of light, 
in the circumftances there mentioned, did not lofe their 
colour, as Sir Ifaac had imagined. “This hint of the 
Swedith philofopher led Mr. Dotlond to re-exatnine the 
fame experiment: and after feveral trials it appeared, 
that difterent fubftances caufed the light to diverge very 
differently, in proportion to their general refradtive 
powers. In the year 1757 therefore he procured 
wedges of different kinds of glafs, and applied them 
together fo that the refraétions might be made in con- 
trary directions, that he might difcover whether the 
refraétion and divergency of colour would vanifh toge- 
ther. The refult of his firft trials encouraged him to 
poe 3 for he difcavered a difference far beyond his 
hopes in the qualities of different kindof lafs, with 
refpe@ to their divergency of colow The Venice 
glafs and Englith crown glafs were found te be near] 
allied in this refpect: the common Englifh plate gla 
me oa rays diverge more; and the Englith fint 
ou I, sgt 
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glafs ‘molt of all. But without enquising into the 
caufe of this difference, he proceeded to adapt wedges 
of crown glafs; and of white flint glafs, ground to dif- 
ferent angles, to each other, fo as to refra@ in different 
direGions; till the refracted light was gntirely free from 
colours. Having meafured_ the refiaétions of each 
wedge, he found that the refraQtion’ of the white glafs 
was to that of the crown glafs, nearly as 2 to 3: and 
he hence concluded in general, that any two wedges 
made in this proportion, and applied together fo as to 
refra& in contrary dire@tions, would refrac the fight 
without any aberration of the rays. 

Mr. Dollond’s next objeét was to make. fimilar trials 
with fpherical glaffes of different materials, with them 
view of applying his difcevery to the improvement of 
telefcopes: and here he perceived that, to obtain a re- 
fraction of light in contrary direGtions, the oite glafs 
muft ‘be concave, and the other convex ; and the 
latter, which was to refraét the moft, that the rays 
might converge to a real focus, he. made of crown 
glafs, the other of white flint glafs. And as the 
refractions of fpherical glaffes are inverfely as their 
focal diftances, it was neceffary that the focal dijtanccs 
of the two glaffes fhould be inverfély as the ratios of 
the refractions of the wedges; becaufe that, being thus 
proportioned, every ray of light that pafles through 
this compound. glafs, at any diftance from its axis, 
will conftantly be refracted, by the difference between 
two contrary refractions, in the proportion required 5° 
and therefore the different refrangibility of the light 
will be entirely removed. P jt 

But in the applications of this ingenious difcovery 
to practice, Mr. Dollond met with many and great 
difficulties, At length, however, after many repeated 
trials, by a refolute perfeverance, he fucceeded fo far as 
to conftrué refraéting telefcopes much fuperior to any . 
that had hitherto been made ;_reprefenting objects with ° 

eat diftin@inefg, and in their true colours, 

Mr. Clairaut, who had ioterefted himfelf from the 
beginning in this difcovery, now endeavoured to afcer- 
tain the principles of Mr. Dollond’s theory, and to lay 
down rules to facilitate the conftruétion of thefe new 
telefcopes, With this view he made feveral experiments, 
to determine the refractive power of different kinds 
of glafe, and the proportions in which they feparated 
the rays of light: and from thefe experiments he de- 
duced feveral theorems of general ule. M. D’Alem- 
bert made likewife a t variety of calculations to 
the fame purpofe; and ‘he thewed how to correct the 
errors to which thefe telefeopes are fubjeét, fometimes 
by placing the obje€-glaffes at « {mall diftance from 
ek other, ‘and fametimes by ufing eye-glafles of dif- 
ferent refra€tive powers, But though foreigners were. 
hereby fupplied with the moit accurate calculations, 
they were very defeétive in praGtice. And the Englith 
telefcopes, made, as they imagined, without any precife 
rule, were greatly fuperior to the beft of their con- 
Rtrution. i 

M. Euler, whofe fpeculations had firft given oecafion 
to this important and ufeful enquiry, was very reluctant 
in admitting Mr. Dollond’s improvements, becaufe 
they militated againft a pre-conceived theory of his 
own. At laft however, after feveral altercations, being 
comes of their reality and importance by M. Clair- 
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aut, he affenfed 3 and he foon after receited farther fa- 


tisfa@ion fronw the experiments of M. Zeiher, of Pe- - 


terfburgh . 

M. Sether fhewed by experiments that it is the lead, 
in the compofition of glafs, which gives it this remark- 
able property, namely, that while the refraction of the 


mean rays is nearly the fame, that of 


the extreme rays 


confiderably differs. And, by increafing the lead, he 
produced a kind of glafs, which occafioned “a much 
os feparation of the extreme rays than that of the 


int glafs ufed by Mr. Dollond,-and 


at the fame time - 


confiderably increafed the mean refraction. M. Zeiher, 


in the ‘courfe of his experiments, made glafs of minium 


and lead, with a mixture alfo of alkaline falts; and he 
found that this mixture greatly diminifhed the mean 
refrattion, and yet made hardly any change in the dif- 
perfion: and he at length obtained a kind of glafe ° 


greatly fuperior to the flint glafs of 
the conftruétion of telefcopes; as it 


Mr. Dollénd for 
occafioned three 


times as great a difperfion of the rays as the common 
glafs, whilft the mean refraction was only as 1°61 to te 


Other improvements were alfo mai 


de on the new or 


achromatic telefcopes by the inventor Mr, John Dol- 


lond, and by his fon Peter Dollond 
feen under the 


3 which may be 


proper words. For various differtations 


on the fubjeét of the aberration of light, colours, and 
the figure of the glafs, fee Philof. Tranf, vols. 355 485 


ciences of Paris, for the years 17 


&: 51, 52, $5) 00; Memoirs of the Academy’ of 


379 1745) 17535 


3755 2750 1757s 1762, 1764, 17654 1767s 17705 


the’ Berlin Ac. 1746, 1762, 1766 5 


Swed. Mem. vol. 


16; Com. Nov. Petripol. 1762 3 M. Euler’s Dioptrics ; 


- M, @Alembert’s Opufcules Math. ; 


Opufcules; &e, &c. 
ABRIDGING, in Algebra, is the 
pound equation, or quantity, to a mo 
expreflion, This is done either to 
trouble of writing a number of fymbo 


the expreffion, either to eafe the memory, or to render: 


the formula more eafy and general. 


M. de Rochon 


reducing a com~ 
re fimple form of 
fave reom, or the 
Is; or to fimplify 


So the equation «3 — ax? + abx—abc = 0, by put- 
ting p =a, g = ab, and r= abc, becomes #3 — pa? +¥ 


gx — ro 


“And the equation 4? + (a-+4) soba o, by putting 


pats, andg = S, becomes 2? + 
_ ABSCISS, Asscrsse. or Apsct 


peg =o 


ss4, is & part or 


fegment cut off a line, terminated at fome certain point, 


by an ordinate toa curve; as AP or 


BP. 
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- Hence there are an infinite number of variable abfcif- 
fes, terminated at the fame fixed} point at one eid, the 
other end of them being at any point of the given line 
or diameter. : 

_ In the common parabola, each ordinate PQ_ has but 


p aes esamene 
Ano Q 





one abfcifs A P; in the ellipfe or circle, the ordinate 
has two ablciffes AP, B P lying on the oppofite fides 
of it; and in the hyperbola the ordinate PQ has alfo 
two abfciffes, but they lie both on the fame fide of its 
That is, in general, a line of the fecond kind, or a 
curve of the firft-kind,-may have two abfciffés to each, 
ordinate. But aline of the third order may have three 
abfciffes to each ordinate; a line of the fourth order 
may have four; and fo on, 

The ufe of the abfciffes is, in conjun&ion with the - 
orditiates, to exprefs the nature of the curves, either 
by fome proportion or equation including the abfcils 
and its ordinate, with fome other. fixed invariable line 
or lines. Every different curve has its own peculiar 
equation or property by which it is expreffed, and dif- 
ferent from all others : and that equation or exprefhion 
ié-the fame for every ordinate and its ablciffes, whatever 
point of the ‘curve be taken. So, in the circle, the 
{quare of any ordinate is equal to the reGtangle of its 
two ablciffes, or AP’ P.B = PQ?*; in the parabola, 
the {quare of the ordinate is equal to the reCtangle of 
the abfcifs anda certain given line called the parame- 
ter; inthe ellipfe and hyp2rbola, the {quare of the ore 
dinate is always in a certain conftant proportion to the 
reGtangle of the two abfciffes, namely, as the {quare of 
the conjugate to the fquare of the tranfverfe, oras the 
parameter is to the tranfverfe axis; and fo other proper 
ties in other curves. 

When the natures or properties of curves are ex- 


tions expreffing the nature of thefe curves are as fol- 


Q Q 
préffed by algebraic equations, any general abfcifs, as 
. AP, is commonly denoted by the letter x, and the or- 
dinate Por the letter ys the other or conflant lines 
being reprefented by other letters. Then the equa- 
A OP BOA PB 


The abfcifs may either commence at the vertex of 
the curve, or at any other fixed point. And it may be 
taken either upon the axis or diameter of tle curve, 
er upon any other line drawn in a given pofition. 


low; namely, for the : 
circle - - dx qx? = y?, where dis the diameter A By 
parabola - px “= , where p is the paramter ; 
ellipfe - rc? 2tv—a?: 57, where /is the tranfverfe, 
hyperbolas? :¢#:: tx +7297, | & ¢ the conjugate’ axise 
ABSIS, ABSIDES. Sce Arsis, Arsrpes. 
ABSOLUTE 
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ABSOLUTE Fovariony in Afronomy, is the 


it 


fun ‘of the optic andexcentric equations. “The ape 


parent inéquality of a planet’s motion, arifing from its 
not being . equally <diilant from the earth ac all times, 
is called its optic equation ; and this would fubfift even 
if the planet’s real motion were uniform. The excerie 
. tric inequality is caufed bythe planet’s motion being 
not uniform, To illuftrate this, conceive the fun to 
“move, or to-appear to move, in the circumference of a 
circle, in whofe centre the earth is placed. It is ma- 
nifefl, that if the fun move uniformly in this circle, 
- then he mutt appear to nove’ uniformly to a fpeAator 
at the earth ; and in this cafe there will be no optic nor 
exatric equation, But fuppofe the earth to be placed 
out of the centre of the circle; aid then, though the 
fun’s motion should be really uniform, it would not ap- 
pear to be fo, being feen from the earth; and in this 
cafe thers would be an optic equation, without an ex- 
centric one. Intagine Either the fun’s orbit ‘to be, 
not circular, but elliptical, and the earth in its focus: 
it will be full as evident that the fun cannot appear to 
have an uniform motion in fuch ellipfe; fo that his 
motion will then be fubjeét to two equations ; that is, 
the optic equation, and the excentric equation. See 
Eaquarion, and Opric Ineguauity. 
 ApsoLutEe. Number, im Algebra, is that term or 
treinber of an equation that is completely known, and 
Which is equal to all the other, or unknown terms, 
taken together ; aad is the fame as what Victa calls 
the Aomegencum comparationis, So, of the equation 


a + 164% — 36 = 0, or a® + 164% = 36, the abfo-. 


lute ntimber, or known term, is 36. 

Asso.ute Gravity, Motion, Space, Time, Sc. See 
the refpeGtivefubftantives, : 

ABSTRACT Maruematics, otherwife called 
pure mathematics, is that which treats of the proper- 
tics of magnitude, figure, or quantity, abfolutely and 

enerally confidcred, without reftriGtion to any {pecies 
in particular: fuch as Arithmetic and Geometry. In 
this fenfe, abftraét or pure mathematica, is oppofed 
to mixed mathematics, in which fimple and abltra® 
properties, and the relations of quantities, primitively 
confidered in pure mathematics, are applied to fenfible 
abjeéts ; as in aftronomy, hydroftatics, optics, &c. 

Apstracr Number, is a number, or colton of 
units, confidered in itfelf, without being applied to 
denote a collection of any particular and determinate 
things. So, for example, 3 is an abftraét number, fo 
far as it is not applied to fomething: but when we fay 
3fect, or 3 perfons, the 3 is no longer an abftraét, but 
aconcrete number. 

ABSURD, of Assuapum, a term commonly ufed 
in demonitrating converfe propofitions ; a.mode of de- 
monftration, in which the propofition intended _is ot 
proved in a dire manner, by principles before laid 
down; but it proves that the contrary is abfurd or im- 
poflible 5 and fo indireétly as it were proves the propo- 

. fition itfelf. The qth propofition in the fir book of 
Euchid, is the firft in which he makes ufe of this mode 
of proof; where he fhews that if the extremities of 
two liyes coincide, thofe lines will coincide in all their 
parts, otherwife they would inclofe a {pace, whith is 
abfard or contrary to the roth axiom. Mot converle 
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propolitions aré proved in this way, which mode of 
roof is called redudie ad abfurdum... 
ABUNDANT Nunesk, in path 
ber whofe aliquot parts, added all together, make a 
fum which is greater than the number yfelf. Thus 12 
is an abundant number, becaufe ‘its aliquot parts, 
namely 1, 2, 3, 4, 6, when added together, make 16, 
which is greater than the number 12 itfelf. er 
Aa abundant number is oppofed to a deficient one, 
which is lefs than the fum of its aliquot parts taken to~ 
gether, as the number 14, whofe aliquot parts 1, 2,7, 
make no more than 10; and toa perfect number, which 
is exadtly equal to the fum of all its aliquot. parts, as 
the number 6, which is equal to the fum of 1,2, 3, 
which are its aliquot parts. 


metic, is anums — 


ACADEMICIAN, a member of a fociety called ; 


an.academy, inftituted for the promotion of arts, {ci 
ences, or natural knowledge in general. 

ACADEMICS, an ancient fe of philofophers, 
who followed the doétrine of Socrates and Flato, as to 
the uncertainty of knowledge, and the incomprehenfi- 
bility of trath. 

Academic, in this fenfe, amounts to much the fame 
with Platonift ; the difference between them being only 
in point of time. Thofe who. embraced the fyftem of 
Plato, among the ancients, weee called academici, aca- - 
demician or academic ; whereas thofe who did the fame 
fince the-reftoration of learning, have aflumed the de- 
nomination of Platonifts. : 

We ufually reckon three feéts of academics ; though 
fome make five. The ancient academy was that of 
which Plato was the chief. 

Arceffilas, one of Plato’s fueceffors, introducing 
fome alterations into the philofophy of this fect, found- 
ed what they gall the fecond academy. + 

‘The eftablithment of the third, called alfo the new 
academy, is attributed to Lacydes, or rather to Care 
neades. ; 

Some authors add a fourth, founded by Philo; and 
a-fifth, by Antiochus, called the Antiachan, which 
tempered the ancient academy with Stoicifm. 

The ancient academy doubted of every thing 5 and 
carried this principle fo far as to make ita doubt, whe- 
ther or np they ought to doubt. It was a kind of a 
principle with them, never to ke certain or fatisficd of 
any thing; never to aflirm or to deny any thing, either 
fortrue or falfe.. - a . 

The new. academy was fomewhat more reafonable ; 
they ackncsvledged feveral things for trathsy but with. 
out attaching themfelves to any with entire affurance. 
Thefe philofophers had found that the ordinary .com- 
merce of life and fociety was inconfiftent with thie ab- 
folute and univerfal doubtfulnefs of the ancient acade- 
mys and yet it is evident that they looked upon things 
rather as probable, than as true and certzin: by this 
amendment thinking to fecure thcmfclves from thofe 
abfurdities into which the ancient academy bad fale 


ACADEMIST, the fame as Academicians 
ACADEMY, Acavemta, in Arciguity, a fine villa 
or pleafure houle, in one of the fuburbs of Athens, 
about a mile from the city ; where Plato, and the wife 
men who followed him, held aflemblics for ss so 
Ca "an 
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and: philofpplical conference ; which gave the name to 
the fe. of Academics, 7 

The. houfe took its name, Academy, from one Acade- 
mus, or Ecademus, a citizen of Athens, to whom it 
originally belonged : lie lived in the time of Thefeus 5 
and here he ufed tp have gymnattic’ {ports or'exercifes. 


The academy was farther improved by Cimon, and . 


adorned with fountains, trees, fhady walks, &c, for the 
convenience of the philofophers and men of learning, 
who here met to confer and difpute for their mutual 
improvement. It was furrounded with a wall by Hip- 
parchus, the fon of Pififtratus ; and it was alfo ufed as 
the burying-place for illnftrious perfons, who had de- 
ferved well ai the republic. 

It was here that Plato taught his philofophy ; and 
hence it was that all public places, deltined for the af- 
femblies of the learned and ingenious, have been fince 
called Academies. - 

Sylla facrificed the delicious walks and groves of the 
academy, which had been planted by Cimon, to the 
ravages of war; and employed thofe very trees in con- 
ftruéting machines to batter the walls of the city which 
they had adorned. 

Cicero too had a villa, or country retirement, near 
Puzzuoli, which he called by the fame name, dcade- 
mia. Here he ufed to entertain his philofophical 
friends; and here it was that he compofed his Acade- 
mical Queftions, and his books De Naturd Deorum. 

Acabemy, among the moderns, denotes a regular 
fociety or company of learned perfons, inftituted under 
the. proteétion of fome prince, or other public autho- 
rity, for the cultivation and improvement of arts or 
feiencess ~ 

Some authors confound Academy with Univerfity ; 
but though much the fame in Latin, they are very dif+ 
“ferent things in Englith. An univerfity is properly a 
body compofed of graduates in the feveral faculttes ; 


of profeffors, who. teach in the public fchools; of re- ~ 


gents or tutors, and ftudents who learn under them, 
and afpire likewife to degrees: Whereas an academy 
is not intended to’teach, or profefs any art or fcience, 
but to improve it : it is not for novices to be inftructed 
jn, but for thofe that are more knowing ; for perfons 
of learning to confer in, and communicate their lights 

+ and difcoveries to each other, for their matual benefit 
and improvement. 

The firft modern academy we read of, was eftablithed 
hy Charlemagne, by the advice of Alcuin, an Englifh 
monk: it was compofed of the chief geniutes of tle 
court, the emperor himfelf being a member. In-their 
academical couferences, every perfon was to give fome 
account of the ancient aathors he had read; and each 
one affumed the name of fome ancient author, that 
pleafed him moft, or fome celebrated perfor of anti- 
quity. Alcuin, from whofe letters we learn thefe par- 

«ticulars, took that of Flaccus, the furname of Horace; 
a young lord, named Augilbert, took that of Homer; 

* Adelard, bifhop of Corbie, was called Auguitin ; Re- 
clufe, bifhop of Mentz, was Dametas; and the. king 
himfelf,, David 

Since the revival of learning in Europe, academies 


have multiplied greatly, moft nations. being furnifhed . 


with feveral, and from their communications the chief 
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improvements have been made in the arts and fcieaces, 
+ and in cultivating natural knowledge. There are now 

academies for almoft every art, or fpecies of know- 
"ledge but I hall give 3 fhort account only of thofe 
inftitutions of this kind, which regard the cultivation of 
fubje€ts mathematical or philofophical, which are the 
proper and peculiar objets of our undertaking. 

Italy abounds more ia academies than all the world 
befides; there being enumerated by Jatckius not lefs 
than five hundred and fifty in all; and even to the 
amount of twenty-five in Milan itfelf. Thefe are how- 
ever moftly of a private and inferior nature ; the con- * 
fequence of their too great number. & 

‘The firft academy of a philofophical kind was efta- 
blifhed at Naples, in the houfe of Baptilta Porta, about 

the year 1560, under the name of Academy Secretorum 
Nature ; being formed for the improvement of natural 
and mathematical knowledge. This waa fucceeded by 
the 

Acanemy of Lyncei, founded at Rome by prince 
Frederick Cefi, towards the end of the fame-century. 
Tt was rendered famous by.the notable difcoveries made 
by feveral of its members ; among whom was the cele- 
brated Galileo Galilei. a 

Several other academies contributed alfo to the ad- 

* vancement of the fciences; but it was by {peculations 
rather than by repeated experiments on the phenomena 
of nature: fuch'were the academy of Beffarian at. Rome, 
and-that of Laurence de Medicis at Florence, in the 
15th century ; and in the 16th were that of Infiammati 
at Padua; of Vegna Juoli at Rome, of Ortolani at 
Placentia, and of Umidi at Florence. The firft of thefe 
fludied fire and pytotechmia, the fecond wine and vine+ 
yards, the third pot-herbs, and gardens, the fourth 
water and hydraulics, To thefe may be added that of 
Venice, called La Veneta, and founded by Frederick 
Badoara, a noble Venetian; another in the fame city, 
of which Campegio, bifhop of Feltro, appears to have 
been the chief ; alfo that of Cofenza, or La Confentinay 
of which Bernadin Telefio, Sertorio Quatromanni, 
Paulus Aquinas, Julio Cavalcanti, and Fabio Cicali, . 
celebrated philofophers, were the chief members. The > 
compofitions of all thefe academies, of the 16th cen- 
tury, were good in thei? kind 3 but none of them com- 
parable to thoft of the Lyncei. 

Acavemy del Cimento, that is, of Experiments, arofe 
at Florence, fome- years after the death of Torricelli, 
namely in the year 1657, under the protection of prince 
Leopold of 'Tufcany, afterwards cardinal de Medicis, 
and brotlier to the Grand Duke lerdinand the Second, 
Galileo, Toricelli, Aggiunti, and Vivigni had prepared 
the way for it: and fome of its chief members were 
Paul del Buono, who in 1657 invented the inftrument 
for trying the incompreflibility of water, namely a thick 
globular fhell of gold, having its cavity filled with 
water; then the globe being comprefled by a ftrong 
_ferew, the water came through the pores of the gold 
rather than yield to the compreffion: alfo, Alphonfus 
Borelli, well known for his ingenious treatifle De Motu 
Animalium, and’ other works Candide del Buono, 
brother of Paul; Alexander Marfili, Vincen® Vivi+ 
ani, Francis Rhedi, and the Count Laurence 
Magalotti, fecretary of this academy, who fiat 
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under the tiglé of Sagg? di Naterak Eyperienze ; a 
copy of which being etcared to the Royal Society, 
it wis tranflated into 
lithéd at London, in gto, 1684: A ‘curious ‘collection 
of trats, ‘containing ‘ingenious experiments on. the 
* preffure of the air, on the com ing of wateryon: 
* cold; heat, ice, magnets, electricity, odours, the mo- 
tion of found, projectiles, light, &c, &c. But we 
‘have heard little or nothing more of the ‘academy fince 
that-time. It may not’ be improper to obferve here, 
that the Grand Duke Ferdinand, above mentioned, 
was no mean philofopher and -chemift, and that he 
invented thermometers, of which the conftragtion and 


ufe may be feen in the colleétion of the academy del 


Cimento. - fs ane 
" Acavemy degl” Inquiett at Bologna, .incorpdrated 
afterwards into that~ della traecia in the fanfe city, fol- 
lowed the example of that de/ Cimento, The members 
met at the houfe of the abbot Antonio Sampieri; 
and here Geminiano Montanari, one of the chief mem- 
bers, made excellent difcourfes on mathematical and 
hilofephical fubje&s, fome parts of which were pub- 
Fithed in 1664, under the title of Penfieri Fifico-Ma- 
thematici, This academy afterwards met in an apart- 
ment of Eaftachio Manfredi ; and then‘in that of Jacob 
Sandi’ bit it arrived at its chief luftre while its affem- 
blies were held in the palace Marfilli. 

Acavemy of Rofano, in the kingdom of Naples, 
called La Societa Scientifica Roffanefe degl’ Incyriofi, 
was founded about the year 1540, under the name of 
Naviganti 3 and was renewed under that of Spenfierati 
by Camillo Tufcano, about the year 1600.. It was 


then an academy of belleslettres, but was afterwards 


transformed into an academy of fciénces, on the foli- 
citation of the learned abbot Don Giacinto Gimma}; 
who, being made prefident under the ‘title of promoter- 
yeneral, in 1695, gave ita new fet of regulations. He 
Welded the academiits into feveral claffes, namely, gram- 
marians,.rhetoricians,. poets, hiftorians, 
phyficiane, mathematicians, lawyers, and divincs; with 
a feparate clafs for cardinals and perfons of quality. ‘To 
he admitted a member, it was neceffary that the can- 
didate have degrees in fome faculty: - Members, in the 
beginning of their books, aye not allowed to take the 
_ title of academi? without Miyrritten permiffion from the 
prefident, which is not granted till the work has been 
examined by the cenfors of the academy. This per- 
miffion is the higheft honour the academyscan confer ; 
. fince they hereby, as it were, adopt the work, aid en- 


gage to an{wer for it againft any criticifms that may _ 


be made upon it. The.prefident himfelf is not exempt 
from this laws and it is. not permitted that any acade- 
mift pubjifh any thing againit the writings of another, 
without leave obtained from the fociety. 

There have been fevéral other academies bf feiences 
in, Htaly, but which have not fubfifted long, for want 
of being fupported by the princes. Such were at 
Naples that of the Jnvefiganti, founded about the year 
1679, by the marquis d’Arena, Don Andrea Conca- 
bletto “and that which, about the -year 1698, met in 
the palace of Don .Lewis della Cerda, the duke de 
Medina, and viceroy of Naples: at Rome, that of 
Fifico-Matematici, which ia 1686 met in the houfe of 
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liked a volute of theit'“cutidus' experiments in 7664, 


nglith by Mr. Waller, and pub-° 


philofophers, : 
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Signior Ciampini rd Verona, that of ABnfh, foutd- 

“ed the fame year by Signior Jofeph -Gazola, and which 

-met in the houfe‘of the count Serenghi della CuccaY 
at Brefcia, that of Filefotict, founded the farne - year 
for the cultivation of philefophy and mathematics, and 
terminated the year following: that of F, Francifto 
Lana 
that of fico-Critici_ at Sienna} founded in‘ 1691, by 
Signior Peter Maria Gabrielli. 


a Pl of ‘great fkill in thefe feiences : and lafily’ - 
i 


ome other academies, {till fubfifting in Italy, repair ° 


with advantage the lofs of the former. .One of the 
principal is the academy of Filarmonici at Vergna, fup- 
ported by the marquis Scipio Maffei, one of the moft 
learned men in Italy; the members of which acade- 
my, though they cultivate the bélles lettres, do not 
neglect the fciences. The academy of Ricovratf at 
Padua fill fubfifts ‘with reputation ; in which, from 
time to time, learned difcourfes are held on philofophi- 
cal fubje€ts, The like may be faid of the academy of the 
Muti di Reggio, at Modena: At Bologna is an academy 
of {ciences, in a Aourifhing condition, known by the 
name of The Inflitute of Bologna; which was founded 
in 17142 by count Marfigli, for cultivating phyfics, 
mathematics, medicine, chemiftry, and patel biko . 
The hiftory of it is written by M. de Limiers, from 
memoirs furnifhed by the founder himfelf. Among the 
new academies, the firlt place, after the Inftitute of 
Bologna, is given to that of the Countefs Donna 
Clelio Grillo Boromeo, one of the moft learned ladies 
of the age, to whom Signior Gimma dedicates his 
literary hiftory of Italy,’ She had lately eftablifhed an 
academy of experimental philofophy in her palace at 
Milan; of which Sighior Vallifnieri was, nominated. 
prefident, and had already drawn up the regulations for 
it, though we do not find it-has yet taken place. In the 


number of thefe academies may alfo be ranked the af-~ . 


Sembly of the learned, who of late years met at Venice 
in the houfe of Signior Criftino” Martinelli, a noble 
Venetian,’ and a great patron of learning, : 
Acapemia Cofinografica, or that of the Argonauts, 
was inftituted at Venice, at the inflance of I, Coro- 
nclli, for the infprovement of geography; the defign. 
being to procure exa& maps, geographical, topogra- 
phical, hydrographical, and ichnographical, of. the 
celeftial aa well’ as terreftrial globe, and their feveral 
regions or parts, together with geographical, hittorical, 
and altronomical deferiptions accommodated to them = 
to promote which purpofes, the feveral members oblige , 
theinfelves, by their fubfcription, to take one copy or 
more of each piece publifhed under the dire€tion of 
the academy ; afd to advance the money, or part of 
it, to defray the charge of publication, To this end: 
there are three fovictiés fettled, namely at Venice,, 
Paris, and Rome; the firft under TF. Morg, provincial 
of the Minorites of Hungary; the‘ fecond under the 
abbot Lausence au Rue Payenne'an Marais ; the third 
under F, Ant. Baldigiani, jefuit, profeffor of mathema- 
tics in the Roman college; to whom thofe addiefs 
themfelves who are willing to engage in this defign. The 
Argonauts number near 200 members in the different 
countries of Europé ; and their device ts the terraqueous 
globe, with the motto Pius ultra. All the globes, mapsy, 
and geographical writings of F, Corontlli have been 
publifhed at the expence of this academy. 
(ad o 
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Tue Acasumy of Apatifs, of Impartial Academy, 
deferves tobe mentianed on account of the extent of its 
par, including uiiverfally all arts and {ciences. Tt 
holds from time to time public meetings at Florence, 
where any perfan, whether academitt or not, may read 
his works, in whatever form, language, or fubjets the 
academy receiving all with the greateft impartiality. 

In France there are many academies for the im- 
provement of arts and fciences. F. Merfenne, it is 
faid, gave the firlt idea of a philofophical academy in 
France, about the beginning of the feventeenth century, 
by. the conferences of mathematicians and naturalilts, 
held occafionally at his lodgings; at which DesCartes, 
Gaffendus, Hobbes, Roberval, Pafcal, Blondel, and 
others, affitted. F. Merfenne propofed to cach of them 
certain problems to examine, or certain experiments to 
be made, 
more public ones, formed by M. Monmort, and M. The- 
venot, the celebrated raveller, The French example 
animated feveral Englithmen of rank and learning to 
cre&t a kind of philofophical academy at Oxford, to- 
wards the clofe of Cromwell’s adminiltration ; which 
after the reftoration was ereéted, by-public authority, 
into a Reyal Society: an account of which fee un- 
der the word. The Englifh example, in its turny 
animated the French, In 1666 Louis XIV, affifled by 
the counfels of M. Colbert, founded an academy of 
fciences at Paris, called the 
- Acapemis Royale des Sciences, or Royal Academy of 
Sciences, for the improvement of philofophy, mathe- 
matics, chemiltry, medicine, belles-lettres, &c. Among 
the principal members, at the commencement in 1666, 

- were the refpe@able names of Carcavi, Haygens, Ro- 
perval, Frenicle, Auzout, Picard, Buot, Da Hamel 
the Secretary, and Mariotte. There was a perfect 
equality among all the members, and many of them re- 
ceived falaries from the king, as at prefent. By the 
roles of the academy, every clals was to meet twice & 
week; the philofophers and geometricians were to 
meet, feparately, every Wednelday, and then both to- 
gether on the Saturday, in a room of the king’slibrary, 
where the pbilofophical and mathematical books-were 
kept: the hiftory clafs was to mect on the Monday 
and Thurfday in the room of the hiftorical books; and 
the clals of belles-lettres on the Tuefday and Friday : 
and on the firft Thurfday of every month all.the clafles 
met together, and: by their fecretaries made a mutual 
report of what had been tranfatted by each clafs during 
the preceding month, : 

In 1699, on the application of the prefident, the 
abbé Bignon, the academy received, under royal autho- 
rity and protection, a ney form and conftitution ; by 
the articles of which, the academy was to confit of four 
forts of members, namely honorary, penfionarys affo- 
clates, and eleves. The honorary clafs to confift of ten 
perfons, and the other three claffes of twenty perfons 

each, The prefident to be chofen annually out of the 
~ honorary clafs, and the fecretary arid treafurer to be 
perpetual, and of the penfionary clafs. The mectings 
to be twice a week, on the Wedaefday and Saturday 5 
- hetides two public meetings in the year. ; 

Of the penfionaries, or thofe who reccive dalaries, 
three to be geometricians, three aftronomers, three me- 
chanifts, three anatomilts, three botanifts, and three 
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Thefe private aflemblies were fucceeded by, 
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chemitts,-the other two. being the {eeretary and trea- 
furer. Of the twenty affociates, of which twelve to be 
French, and eight might be foreigners,“two were to 
cultivate geometry, two ‘aftronomy, two mechanics, 
two anatomy, two botany, and twochemiftry. Of the 
twenty eleves, one to be attached to each penfionary, 
and.to cultivate his peculiar branch of fcience. The 


-peniionaries and their eleves to refide at Paris... No re- 


gulars nor religious to be admitted, except into the 
honorary clafs: sor any perfon to be admitted a pen- 
fioner who was not known by fome conliderable work, 
or fome remarkable difcovery. 

In 1716 the Duke of Orleans, then regent of France, 
by the king’s authority made fome alteration in their 
conttitution. The clafs of eleves was fuppreffed 5 and 
inftead of them were inttieuted twelve adjuncts,.two to. 
each of the fix claffes of penfioners. “Che honorary 
members were increafed to twelve: and a clafs of fix 
free affociates was made, who were not under the oblis 
gation of cultivating any particular branch of fcience 
and in this clafs only could the regulars or religious be 
admitted. A prefident and vice-prefident to be ap- 
pointed annually from the honorary clafs, anda di- 
reétor and fub-dire&tor anuually from that of the pen- 
fioners. And no perfon to be allowed to make ule of 
his quality of academician, in the title of any of his 
books that he publifhed, unlefs fuch book were firit ap- 
proved by the academy. Bon 

The academy has for a device or mottp, Invenit & 

erficit. And che meetings, which were formerly held 
in the king’s library, have fince the year 1699 been 
held in a fine halt of the old Louvre. 

Finally, in the year 1785~the king confirmed, by 
letters patent, dated April 23, the eftablifhment of the 
academy of {ciences, making the following alterations, 
and adding claffes of agriculture, natural hiitory, mine» 
ralogy, and phyfics; incorporating the affociates and 
adjunéts, and limiting to fix the members of each clafs, 
namely three penfioners and three affociates; by which 
the former receive an increafe of falary, and the latter 
approach nearer to becomin penfioners. 

By the articles of this inftrument it is o¢dained, that 
the academy fhafl confit of eight claffes, namely, that 
of geometry, 2d aftronomy, 3d mechanics, qth ges 
neral phylics, 5th anatomy, 6th chemiftry and metal- 
lurgy, 7th botany and agricgpures and 8th natural hife 
tory and mineralogy. That each clafa fhall remain 
irrevocably fixed at fix members; namely, three pen- 
fioners and three affociates, independent however of "a 
perpetual fectetary and treafurer, of twelve free-affo~ 
ciates and of eight affociate-firangers or foreigners, the 
fame as before, except that the adjun@-geographer for 
the future be called the affociate-geo; rapber. 

The claffes at firft to be filled ay the following 
perfons, namely, that of geometry by Meffieurs de 
Borda, Jeaurat, Vandermonde, as penfioners ; and 
Meffieurs Coufin, Meufnier, and Charles, as affo- 
ciates; that of aftronomy by Meffieurs le Monnier, 
dela Lande, and le Gentil, as penfioners ; and Mef. ~ 
fieurs Meffier, de Caffini, and Dagelat, as affociates : 
that of mechanics by Mefficurs Vabbe Boffut,, Pabbe 
Rochon, and de !a Place, as penfioners + and Meflieyra 
Coulomb, le Gendre, and Perrier, as affociates : that 
of general phyfics by Mefficurs Leroy, Briffon, and 

‘“ Bailly, 
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Bailly, as penfioners; and Meffieurs Monge, Mechain, 


. amd Quatremere, as -affociates :.that of anatomy by 


Mefiiewss Dalibluton, Tenon, and Portal, as- pen- 


‘fioners’; and) Meffienrs Sabatier, Vicq-d’azir, and 


Brouffonet, ag affociates: that of chemiitry and metals. 
largy by Meffieurs Cadet, Lavoilier, and Beaume, af 


? ener and Meffieurs Cornette, Bertholet, aud 


‘ourcroy, as affociates: that of botany and agri- 
culture hy Meffieurs Guettard, Fougerowx, and A- 
danfon, as penfioners; and Meffieurs de Juffieu, de la 
Marck, and Desfontaines, ag aflociates: and that of 
natural hiftery and mineralogy by Meffieurs Defmaretz, 
Saye, and I’abbe de Gua, as penfioners ; and” Mefficurs 
Darcet, Pabbe Hai, and l’abbe Teffier, as affociates. 
All names refpectable in the common-wealth of letters ; 
and from whom the world might expe@ fill farther 
improvements in the feveral branches of fcience. 

The late M. Rouille de Meflay, counfellor of the 
parliament of Paris, founded two prizes, the one of 
2500 livres, the other of z000 livres, which the aca- 
demy diftributed alternately every year: the fubjects of 
the Dance prize refpecting phyfical ‘aftronomy, and of 
the latter, navigation and commerce, . 

The world is highly indebted to this academy for the 
many valuable works they have executed, or publifhed, 
both individually and_as a body colletively, efpecially 
by their memoirs, making upwards of a hundred 
volumes in gto, with the machines, indexes, &c. in 
which may be found moit excellent compofitions in 


, every branch of fcicnce. They publith ‘a volume of 


thefe memoirs every year, with the hiftory of the aca- 
demy, and eloges of remarkable men lately deceafed: 
alfo a general index to the volumes every ten years. 
An alteration was introduced into the volume for 5783, 
which it feems is to be continued jn future, by omit- 
ting, in the hiftory, the minutes or extraéts from the 
regiflers, containing fome preliminary account of the 
fubjects of the memoires; but till however retaining 
the eloges of diftinguithed men, lately deceafed, 

M. Pabbe’ Rozier alfo has publifhed in four gto 
volumes, an excellent index of the contentgof all the 
volumes, and the writings of all the membets, from the 
beginning of their publications to the year 1770; with 


-convenient blank spaces for continuing the articles in 


writing. 

’ Their hiftory alfo, to the year 1697, was written by 
M. Du Hamel; and after that time continued from 
year to year by M. Fontenelle, under the following titles, 
Du Hamel Hiftorie Regie Academie Scientiarum, 
Paris, gto. Hiftoire de PAcademie Royale des Sci- 
ences, avec les Memoires de Mathematique & de Phy- 


fique, tirer. des Regiftres de PAcademie, Paris,.4te. 
Hiltoire de ? Academie Royale des Sciences depuis fon- 


etabliffement en 1666, jufqu’en 1699, en 13 tomes, gto. 
A new-hiftory, from the inftitution of the academy, to 
the period from whence M. de Fontenelle eommences, 
has been formed ; with a ferieg of the works publithed 
under the name of this academy, during the firlt 
interval. : : 

Since the foregoing account was written, it is faid the 
Academy has been fuppreffed and abohithed, by the pre- 
fent convegtion of France. re 

Befides the academies in the capital, there are a 
great many in other parte of France. The 
AcavEmiz Rovale, at Caen, was eftablithed by letters 
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_ patent in the year tyos ; but it had its -rfle fifty years 
-earlier in private.conferences, held firft in the houfe of 


M. de Brieux. M. de Segrais retiring té this city, to 
{pend the reft of his days, reftored and gave new luftre 
to their meetings, In-1707 Mi Foucavk, intendant of 


_the generality of Caen, procured the king’s letters” 


patent_ for eré€ting them into a perpetual academy, of 
which M. Foucault was to be prottéor for the time, 
and the choice afterwards left to the members, the 
number of whom was fixed to thirty, chefen for this 
time by M. Foucault. But befides the thirty original 
members; leave’was given to add fix fupernumerary mem- 
bers, from the ecclefiaftical communities in that city. 

_ At Touloule is the Academie des jeux floraux, com- 
pofed of forty perfons, the oldeft of the kingdom: he- 
fides aw academy of iciences and belles-Iettres, founded 

At Montpelier is the royal fociety of fciences, which 
fince 1708 makes but one’ body with the royal academy 
of fciences at Paris. y 

There are alfo other academies at Bourdeaux, found. 
ed in 1703, at Soiffons in 1674, at Marfeilles in 1726, 
at Lyons in 1700, at Pau in Bearn in 1721, at Mont 
auban in 1744, at Angers in 1685, at Amiens in 1750, 
at Villefranche in 1679, at Dijon in 1740, at Nimes in 
1682, at Befangon in 1752, at Chalons in 1775, at 
Rochelle in 1734, at Beziers in 1723, at Rouen in 
1744, at Metz in 1760, at Arras in 1773, &¢ 
‘The number of thefe academies is continually aug 
menting ; and even in fuch towns as have no-academiesy 
the literati form themfelves into literary focieties, have 
ing nearly the fame objets and purfuits, 

In Germany and other parts of Europe, there are 
various academies of {ciences, &c. The 
Acavemie Royale des Sciences & des Belles Lettres of 

Pruffia, was founded at Berlin, in the year 1709, by 
Frederic I, king of Pruffia, of which the famous. 
M. Leibaitz was the firft prefident, and its great pro- 
moter. The academy received a new form, and a new 
fet of ftatutes in 1710; by which it was ordained, that 
the prefident fhall be one of the counféllors of {tate ; and 
that the members be divided -into four-claffts; the firft 
to cultivate phyfics, medicine, and chemiltry; the 
fecond, mathematics, aftronomy, and mechanics; the 
third, the German language, and- the -hiftory of the 
country ; and the fourth, oriental learning, particularly 
as it may concern the propagation of the gofpel among 
infidels. ‘Fhat each. clafs ele& a direGtor for them- 
-felves, who fhall hold his poft for life.. That they meet 
in the caitle called the New Marfhal, the claffes to meer: 
in their turns, one each week. And thatthe members. 
of any of the claffes have free accefg into the. affemblics 
of the ret. Several volumes-of their tranfactions have 
been publifhed in Latin, from time. to time, under the 
title of Mifcellanea Berotinenfia . 

In 1743 the late famous Frederic II. king of Pruffia, 
made great alterations and- improvements in the aca- 
demy. Inftead of a great lord or minifter of flate, 
who had ufually prefided over the academy, he wifely 
jedged: that office would be better filled by a man of 
letters; and he honoured: the French academy of 
Sciences by fing upon one of its members for a pres 
fident, namely M. Maupertuis, a diftinguithed charaGter 
in the literary world, and whofe condua. in-improving - 
the academy was a preof of the found judgment of the 
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king, who g the fame time made, new regulations for" 
the academy, .and. fook. the -title .of,.its Protector, 
From that time the tranfactions of the academy have 
been publifhed, under the title of Hifivire de ? Academie 
Royale des Sciences et Belles Lettres 4 Berlin, much, 


in the manner of thofe of the French academy of {ci- ° 


ences, and in the French language; and the volumes 
are now commonly publifhed annually. Befides the or- 
dinary private meetings of the academy, it has two 

ublic ones.in the year, in January and May, atthe 

tter of which is given a prize gold medal, of the value 
of 50 ducats, or about 20 guineas. The fubjet of the 
prize is fucceffively phyfics, mathematics, metaphytics, 
and general literature. -For the academy has this pe- 
culiar circumftancé, that it embraces alfo metaphyiics, 
Jogic, and morality; having one clafs particularly ap- 
propriated to thefe objects, called the clafs of Specu- 
Yative Philofophy. G 

Imperial Acapsmy of Peterfourgh. This’ academy 
was projected by the Czar Peter I, commonly called 
Peter the Great, who in fo many other inftances alfo 
was inftrumental in railing Ruffia from the flate of bar- 
barity in which it had been immerged for fo many ages, 
Having vifted France in 1717, and among other things 
informed himfelf of the advantages of an académy of 
arts and fciences, he refolved to eltablith one in his new 
capital, whither he had drawn by noble encouragements 
feveral learned flrangers, and made other preparations, 
when his death prevented him from fully accomplifhin 
that objeét, in the beginning of the year 4725. Thole 
preparations and intentions however were carried into 
execution the fame year, by the eftablifhment of the 
academy, by his confort the czarina Catherine, who 
fueceeded him, And foon after the academy compofed 
the firft volume of their works, publifhed in 1728, 
under the title of Commentarii Academiz Scientiarum 
Imperialis Petropolitanz ; which they continued almoft 
annually till 1746, the whole amounting'to. 14 volumes, 
which were publifhed in Latin, and the fubjeéts divided 
and claffed under the following heads, namely mathe- 
matics, phyfics, hiftory, and aftronomy. Their device 
a tree bearing fruit not ripe, with the modeit motto 
paullatim. 

Moft part of the ftrangers who compofed this aca- 
demy being dead, or having retired, it was rather in & 
languifhing ftate at the beginning of: the reign of the 
emprefs Elizabeth, when the count Rafomowfki was 
happily appointed prefident, who was inftrumental in 
recovering its vigour and labours. This emprefs re- 
newed and altered its conflitution, by letters patent 
dated July 24, 1747, giving it a new form and regu- 
lations. It confifts of two chief parts, an academy, and 
a univerfity, having regular profeffors in the feveral fa- 
culties, who read leCtures as in our colleges. The or- 
dinary aflemblies are held twice a week, and public’ or 
folemin ones thrice in the year; in which an account is 
given of what has been done in the private ones... The 
academy has a noble building for their meetings, &c, 
with a good apparitus of inftruments, a fine leaes, 
obfervatory, &c. Their fir volume, after this reno- 
vation, was publifhied for the years 1747 and 2748, and 
they have been fince continued from year to year, now 
to the amaunt of near thirty volumes, under'the title of 
Novi Commentarii Academie Scientiarum  Imperialis 
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Petropolitane.. They are printed in- the Letin lan- 
guage, and contain many excellent compofitions in all 
the {ciences,’ efpecially the mathematicaf papers. of the 
late excellent M. L, Euler, which always madea con- 
fiderable portion of every volume, The fubjeéts are 
ielafled under heads in the following order, mathematics, 
phyfico-mathematice, phyfics, which include botany, - 
anatomy, &c, and aflronomys the whole prefaced by 


‘ hiflorical extraéts, or minutes, relating to each paper 


dr memoir, after the manner of the volumes of the 
French academy ; but wanting however the eloges of 
degeafed eminent men, Their device is a heap of ripe 
fruits piled on a table, with the motto Za adit frudlus 
etate recentcs, 

Imperial and Royal Acapemy of Sciences and Belles 
Lettres, at Bruffls. This academy was founded in the 
year 1774; and feveral volumes of their memoirs have 
been publifhed. 

Royal Acapemy of Sciences, at Stockholm; was in- 
ftituted in 1.739, and fince that time it has publithed 
about fixty volumes of tranfactions, quarterly, in 8vo, 
in the Swedith language. 

For an account of the Royal Society of London, 
and feveral other fimilar inftitutions, fee the ,words 
Journal, Society, &c. 

American Acavemy of Arts and Sciences, was ¢f- 
tablifhed, in 1780 by the council and houfe of repree 
fentatives in the province of Maffachufet’s Bay, for 
promoting the knowledge of the antiquities of Ame- 
rica, and of the natural hiflory of the country 5 for de- 
termining the ufes to which its various natural produc- 
tions may be applied; for encouraging medicinal 
difcoverics, mathematical difquifitions, philofophical 
enquiries and experiments, aitronomical, meteorolo- 
gical, and geographical obfervations, and improve-_ 
ments in agriculture, manufactures, and commerce ; 
and, in hort, for cultivating every art and feience, 
which may tend to adyance the intereft, honour, dig- 
nity, and happinefs, of a free, independent, and vir- 
tuous people. The members of this academy are never 
to be lefs oe forty, nor more than two hundred. 

AcaneM® is alfo ufed among us for a kind of col- 
legiate {chool, or feminary ; where youth aie inftgucted 
in the liberal arts and {ciences in a private way: now 
indeed it ig ufed for all kinds of {chools. 

Frederic 1, king of Pruffia, eftablifhed an academy 
at Berlin in 1703, for educating the young nobility of 
the court, fuitable to their extra€tion. The expence 
of the fludents was very moderate, the king havin: 
undertaken to pay the extraordinaries. This illuf 
trious {chool, which was then called the academy of 


-princes, has now loft much of its firft fplendour. 


The Romans had a kind of military academies ef- 
tablifhed in all the cities of Italy, under the name of 
Campi Martis. Here the youth were admitted to be 
trained for war at the public expence. And the 
Greeks, befides academies of this kind, had military 
profeffors, called Yaéici, who taught all the higher 
offices of war, &ce 

We have two royal academies of this kind in Eng- 
land, the expences of which are defrayed bw the go- 
vernment ; the one at Woolwich, for the pelery and 
military engineers; and the other at Portimouth,, for 
the navy. The former was-eftablithed by his late 
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majefly king George II, by warrants dated April the 30th 
‘and November, the 18th, 1741, for inftruéting perfons 
belonging to the military part of the ordnance, in the 
feveral branches of mathematics, fortification, &c, 
proper to qualify them for the fervice of artiller 
and the office of engineers, ‘This inftitution is under 

«the dire&tion of the mafter-general and board , ot 
ordnance for the time being: and at firlt the leCtures 
of the: mafters in the academy were attended by the 
prattitioner-engineers, with the officers, ferjeants, cor- 
porals, and private men of the artillery, befides the 
cadets. At prefent however none are educatetl there 
but the gentlemen catlets, to the number of go or 100, 
where they receive an education perhaps not to be ob- 
tained or parchafed for money in any part of the 
world. The mafter-general of the ordnance is always 
captain of the cadets’ company, and governor of the 
academy ; under him are a lieutenant-governor, and an 
infpector of ftudies. The mafters have been gradually 
increafed, from two or three at fir, now to the number 
of twelve, namely, a profeffor of mathematics, and two 
other mathematical mafters, a profeffor of fortification, 
and an affiftant, two drawing maiters, two French 
mafters, with mafters for fencing, dancing, and che- 
miftry, ‘This inftitution is of the greateft confequence 
to the flate, and it is hardly credible that fo impogtant 
an objet fhould be accomplifhed at fo trifling an ex- 

ence. It is to be Jamentéd however that the academy 
18 fixed in fo unhealthy a fituation; that the leCture 
rooms and cadets’ barracks are fo fmall as to be infuf- 
ficient for the purpofes of the inftitution ; and that the 
falaries of the profeffors and maiters fhould be fo in- 
adequate to their labours, and the benefit of their 
fervices, , 

The Royal Naval Academy at Portfmouth was 
founded by George I, in 1722, for inftrudting young 

entlemen in the fciences ufeful for navigation, to 
Ered officers for the royal navy. The eftablithment 
is under the dire&tion of the board of admiralty, who 
give falarics to two matters, by one of whom the flu- 
dents are boarded and lodged, the expence of which 
is defrayed by their own friends, nothing being fup- 
plied by the government but their education. 

ACANTHUS, in Architefure, the leaves of a plant 
which forms the ornament of the capital of the Co- 
rinthian order, Vitruvius afcribes the ufe of it to the 
following accident. A young girl dying, her purfe 
was defirous of confecrating to her manes certain toys 
which fhe was fond of in her life-time; which the 

good woman carried ina little bafket, covered with a 
fquare tile, and placed it among fome green plants 
which grew on her grave. One of thefe, which hap- 
pened to be the acanthus, as it grew up, invironed and 
in a manner embraced the bafket ; which Callimachus, 
anoted Greek fculptor, cafting his eyes upon, from 
thence took the hint of this elegant ornament, See 
Asacus. 5 

ACCELERATED Motion, is that which receives 
freth acceffions of velocity ; and the aéceleration may be 
either equably or unequably: if the acceffions of ve- 
locity be always equal in equal times, the motion is 
faid to “be equably or uniformly accelerated ; but if the 
Vouk. 
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acceffions, in equal times, either increafe Sr. decreafe, 
then the motion is unequably or variably accelerated. 

Acceleration is direétly oppofite to retardation, 
which denotes a diminution of velocity. 

ACCELERATION comes chiefly under confideration 
in phyGcs, in the defcent of heavy bodies, tending or 
falling towards the centre of the earth, by the force of 
gravity. . 

That bodies are accelerated in their natural defcent, 
is evident both to the fight, and from obferving that 
the greater heizht they fall from, the greater force they 
ftrike with, and the deeper impreffions they make in 
foft fubftauces. 

The acceleration of falling bodics bas been aferibed 
to various caufes, by differgnt philofophers. Some 
have attributed it to the preflure of the air down- 
wards: the more a body defcends, the longer and 
heavier, fay they, muft be the column of atinofphere 
incumbent upon it; to which they add, that the whole 
mafs of fluid preffing by an infinity of right-lines all 
ultimately meeting in the earth’s centre, tech ceritral 
point mult fupport, as it were, the preflure of the 
whole mafs; and that confequently the nearer a body 
approaches to it, the more muft it receive of the 
preffure of a multitude of lines tending’ to unite in 
the central point. 

Mr. Hobbes endeavours to account for this atcele- 
ration from a new impreffion of the caufe which makes 
bodies fall; in which he is fo far-right, But then he 
as far miitakes, as to the caufe of the fall, which he 
thinks is the air: at the fame time, fays he, that one 
particle of air afcends, another defcendss; for in con- 
fequence of the carth’s motion being two-fold, that is 
circular and progreffive, the air muft at once both 
afcend and circulate ; whence it follows, that a body 
falling in this medium, and receiving a new preffure 
every inftant, muft have its motion accelerated, 

But to both thefe fyftems it may be anfwered, that 
the air is quité out of the queftion; for it.is very evi- 
dent that bodies fall, and in falling have their motion 
accelerated, in vacuo, as in open air, and even more 
than in the air, in as much as this oppofes and fome- 
what retards their fall. ’ 

The Gaffendifts affign another reafon for the acce- 
Teration : they pretend that there are continually Hfu- 
ing out of the earth certain attractive corpufcles, di- 
rected in an infinite number of rays; thofe, fay they, 
afcend and then defcend, in fuch fort that the nearer-a 
body approaches to the earth’s centre, the more of 
thefe attractive rays prefs upon it, in confequence of 
which its motion becomes more accelerated. 

The peripatetics endeavour to explain the matter 
thus: the motion of heavy bodies downward, arifes, 
fay they, out of an intrinfic principle that caufes a 
tendency in them to the centre, as the place appro- 
priated to their element ; where, when they can once 
arrive, they will be at perfeét reft ; and therefore, con- 
tinue they, the nearer bodies approach to it, the more 
the velocity of their motion is increafed : a notion too 
idle to merit confutation. 

The Cartefians account for acceleration, by reiter- 
ated impulfes of their materia fubtilis, ating continually 
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on falling bodies, and propelling them downwards: 2 
conceit equally unintelligible and abfurd with the 
former. | } 4 gg 
* But, leaving all fuch vifionary caufes of acceleration, 
and only admitging the exiltence of fuch a force as gra- 
vity, fo evidently "inherent in all bodies, without regard 
to what may be the caufe of it, the whole myftery of 
acceleration will be cleared up. Confider gravity then, 
with Galileo, only as a caufe or force which aéts con-_ 
_ Hinually on heavy bodies; and it will be eafy to con- 
ceive that the principle of gravitation, which deter- 
mines bodies to defcend, mutt by a neceflary confe- 
quence accelerate then in falling. 

A body then having once begun to defcend, through 
the impulfe of gravity ; the ftate of defcending is now, 
by Neivston’s firt law of nature, become as it were na- 
tural to it; infomuch that, were it left to itfelf, it 
would for ever continue to defcend, even though the 
firt vanfe of its defcent fhould ceafe. But befides this 
determination to defcend, imprefied upon it by the firit 
caufe of motion, which would be fufficient to continue 
to infinity the degree of motion already begun, new 
jmpulfes are continually faperadded by the fame caufe 5 
which continues to aé&t upon the body already in mo- 
tion, in the fame manner as if it had remained at reft. 
There being then two caufes of motion, ating both in 
the fame direGtion ; it neceflarily follows, that the mo- 
tion which they unitedly produce, muft be more con- 
fiderable than what either could produce feparately. 
And as long as the velocity is thus continued, the fame 
caufe fill fubfifting to increafe it more, the defcent 
mutt of neceflity be continually accelerated. 

Suppofing then that gravity, from whatever prin- 
ciple it arifes, ads uniformly upon all bodies at the 
fame diftance from the centre of the earth: dividing 
the time which the heavy body takes up in falling to 
the earth, into indefinitely fmall equal BS gravity 
will impel the body toward the centre of the earth, in 
the firlt indefinitely fhort inflant of the defcent. If 
after this we fuppofe the action of gravity to ceafe, the 
body will continue perpetually to advance uniformly 
toward the earth’s centre, with an indefinitely {mall 
velocity, equal to that which refulted from the firft 
impulfe. 

But then if we fuppofe that the a@tion of gravity 
fill continnes the fame after the firlt imnpulfe 5 in the 
fecond inftant, the body will receive a new impulfe to- 
ward the earth, equal to that which it received in the 
fir infant ; and confequently its velocity will be 
doubled ; in the third initant, it will be tripled ; in the 
fourth, quadrupled ; in the fifth, quintupled ; and fo 
on continually : for the impulfe made in any preceding 
jnftant, is no ways altered by that which is made in the 
following one; but they are, on the contrary, always 
accumulated on each other. 

So that the infants of time being fuppofed inde- 
finitely fmall, and all equal, the velocity acquired by 
the falling body, will be, in every inilant, -propertional 
to the times from the beginning of the defcent ; and 
eonfequently the velocity will be proportional to the 
time in which it is produced. So that if a body, by 
this conftant force, acquire a velocity, of 16 2¢ feet fup- 
pofe in one fecond of time; it will acquire a velocity 
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of 323 feet in two feconda, 48% feet in 3 feconds, 
64% in 4 feconds, and fo on. Nor ought itto feem 
firange that all bodies, {mall or large, acquire, by the 
force of gravity, the fame velocity in the fame 
time. For every equal particle of matter being endued 
ygith an equal impelling force, namely its gravity or 
weight, the fum of all the forces, in any compound 
mafs of matter, will be proportional to the fum of all 
the weights, or quantities of matter to be moved ; can- 
fequently, the forces and maffes moved, being thus con- 
ftantly inereafed in the fame proportion, the velocities 
generated will be the fame in all bodies, great or {mall. 
That is, a double force moves a double mafs of matter, 
with the fame velocity that the fingle force moves the 
fingle mafs; and fo on. Or otherwife, the whole coin- 
pound mafs falls all together with the fame velocity, 
and in the fame manner, as if its particles were not 
united, but as ifeach fell by itfelf, feparated all from one 
another. And thus all being let go at once, they would 
fall together, juit as if they were united into one mafs, 

The forcgoing law of the defcent of falling bodies, 
namely that the velocities are always proportional to 
the times of defcent, as well as the following laws cons 
cerning the {paces patted over, &c, were firft difcovered 
and taught by the zreat Galileo, and that nearly in the 
following manner, 

BéEaule the conitant velocity with which any body 
moves, or the fpace it paffes over ina given time, as 
fuppofe one fecond, being multiplied by the time, or 
number of feconds it is in motion, expreffes the fpace 
paffed over in that time 5 and the area or {pace of a 
reGtangular figure being denoted by the length mul- 
tiplied by the breadth ; therefore the fpace fo run over, 
may be confidered as a reétangle compounded of the 
time and velocity, that is a rectangle of which the time 
denotes the length, and the velocity the breadth. Sup- 
pofe then A to be the heavy body which defcends, and 
\B to denote the whole time of any defcent ; which 
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let be divided into a certain number of equal parts;, 
denoting intervals or portions of the given time, as 
AC, CD, DE, &c. Imagine the body to defcend, 
during the time expreffed by the firft of the divifions 
AC, with ascertain uniform velocity arifing from the 
force of gravity a€ting on it, which let be denoted by 
AF, the breadth of the rectangle C F; then the fpace 
run through during the time denoted by AC, with the 
velocity denoted by AF, will be expreffed by the rec- 
tangular Space C F. 

Now the a€tion of gravity having produced, in the 
firft moment, the velocity A F, in the body, before at 
reft; in the fir two moments it will produce the ve- 
locity C G, the double of the former ; in the third me- 
ment, to the velocity CG will be added one degree 

more, 
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more, by which means will be produced the velocity 
DH, triple of the fir; and fo of the reft; fo that 
during the whole time A B, the body will have ac- 
quired the velocity BK. Hence, taking the divifions 
of the'line A-B at pleafure ; for example, the divifions 
AC, CD, &c, for the times; the fpaces run through 
during thofe times, will be as the areas or re€tangles 
CF, DG, &c; and fo the {pace deferibed by the 
moving body during ‘the whole time A B, will be 
equal to all the reGlangles, that is, equal to the whole 
indented fpace ABKIHGF. And thus it will 
happen if the increments of velocity be produced, as 
we may fay, all at once, at the end of certain portions 
of finite time ; for inftance at C, at D, &c; fo that the 
degree of motion remains the fame to the inflant that a 
new acceleration takes place. 

By conceiving the divifions of time to be fhorter, 
for example but half as long as the former, the in- 
dentures of the figure will be proportionably more 
contraéted, and ‘it will approach nearer to a triangle 5 
and fo much the nearer as the divifions of time are 
fhorter: and if thefe be fuppofed infinitely finall; that 
is, if increments of the velocity be fuppofed to be ac- 
quired continually, and at each indivifible particle of 
time, which is really the cafe, the reétangles fo fuc- 


_ ceffively produced, will form a true triangle, as ABC ; 


the whole time A B confifting of minute portions A 1, 





12, 23, &c3 and the area of the triangle ABC, of 
all the minute furfaces, or minute trapeziums, which 
anfwer to the divifions of the times ; the area of the 
whole triangle A BC, denoting the fpace run through 
during the whole time AB; and the area of any 
Smaller triangle A 7g, denoting the fpace run through 
during the correfponding time A 7. Bnt the triangles 
Ata, A7g, &c, being fimilar, have their areas to 
each other as the fquares of their like fides A 1, A 7, 
&c; and confequently the fpaces gone through, in 
any times counted from the beginning, are to each 
other as the {quares of the times. 

Hence, in any right-angled triangle, as ABC, the 
one fide A B reprefents the time, the other fide BC 
the velocity acquired in that time, and the area of the 
triangle the {pace defcribed by the falling. body. 

From the preceding demonftration is alfo drawn 
this other general theorem in motions that are uni- 
formly accelerated; namely, that a body defcending 
with a uniformly aecelerated motion, defcribes in the 
whole time of its defcent, a fpace, which is exattly the 
half of that which it would deferibe uniformly in the 
fame time, with the velocity it has acquired at the end 
of its accelerated fall. For it has been fhewn that the 
whole {pace which the falling body has run through in 


- the tie AB, is reprefented by the triangle A BC, 


the lait velocity being BC; and the fpace which the 
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body would run through uniformly in the fame time 
AB, conftantly with the faid greateft velocity BC, is 
reprefented by the re€tangle ABCD: but it is well 
known that the reGtangle ABCD fs. double the 
triangle ABC; and therefore the latter pees run 
through, is double the former; that is, the fpace rut 
throngh by the accelerated motion, is jul half of that 
which the body would deferibe in the fame time, mov- 
ing uniformly with the velocity acquired at the end of 
its accclerated fall. 

Hence then, from the foregoing confiderations are 
deduced the following general laws of uniformly acce- 
lerated motions, namely, 

iit, That the velocities acquired, are conftantly pro- 
portional to the times; in a double time a double vee 
locity, &c, 

2d. That the fpaces defcribed in the whole times, 
each counted from the commencement of the motion, 
arc proportional to the fquarcs of the times, or to the 
fquaves of the velocities; that is, in tivice the time, 
the body will defcribe 4 times the {pace; in thrice the 
time, it will defcribe g times the {pace; in quadruple 
the time, 16 times the fpace; and fo on. In thort, if 
the times are proportional : 
tothe numbers - 1, 2, 3, 4, 5, &cy 
the fpaces will be as 1, 4, 9, 16, 25, &c, 
which are the fquares of the former. So that if a 


" body, by the natural force of gravity, fall through the 


fpace of 161, feet in the firit fecond of time; then ia 
the firft two feconds of time it will fall through four 
times as much, or 644 feet; in the fir three feconds 
it will fall nine times as much, or 1443 feet; and fo 
on, And as the fpaces fallen through are as the 
Squares of the times, or of the velocities ; therefore the 
times, or the velocities, are proportional to the fquare 
roots of the {paces, 

3d. The fpaces defcribed by falling bodies, in a 
feries of equal inftants or intervals of time, will be as 
the odd numbers ~ 1, 35 5s 79 Qs &Cy 
which are the differences of 6 & 
the {quares or whole fpaces [ 1? 4 9» 19» 25» %C» 
that is, the body which has run through 16,', feet in the 
firft fecond, will in the next fecond run through .485 
feet, in the third fecond 80.3,, and fo on. 

4th. If the body fall through any fpace in any time, 
it acquires a velocity equal to double that fpace ; that 
is, in an equal time, with the laft velocity acquired, if 
uniformly continued, it would pafs over jut double the 
{pace. So if a body fall through 16,', feet in the firft 
fecond of time, then it has acquired a velocity of 32} 
feet in a fecond; that is, if the body move uniformly 
for one fecond, with the velocity acquired, it will pafs 
over 323 feet in this one fecond: and if in any time 
the body fall through too feet; then in another equal 
time, if it move uniformly with the velocity lat ac- 
quired, it will pafs over 200 feet. And fo on, 

But, asthe method of demonftration ufed by Galilco, 
by means of infinitely {mall parts forming a reyolar 
triangle, is not approved of by many perfons, the fame 
laws may be otherwife demonfrated thus: let the 
whole time of a body’s free defeent be divided into 
any number of parts, calling each of thefe parts 1; and 
let ¢ denote the velocity acquired at the end of the firtt 
D2 part 
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part of time; then will 24, 34, 44, &e, reprefent 
the velocities at the end of the 2d, 3d, 4th, &c, part of 
time, becaufe the velocities are as the times; and for 
the fame reafon 4a, 3a, $2, &c, will be the velocities at 
the middle point of the firlt, fecond, third, &e, part of 
time. But. now as the velocities increafe uniformly, 
the {pace deferibed in any one of thefe parts of time, 
may be confidered as uniformly deferibed with its 
middle velocity, or the velocity in the middle of that 
part of time; and therefore multiplying thofe mean 
velocities each by their common time 1, we have: the 
fame fra&tions 4a, ia, $a, &c, for the {paces pafled 
over in the fucceflive parts of the time; that is, the 
fpace 4a in the.firlt time, a in the fecond, $a in the 
third, and fo on: then add thefe {paces fucceffively to 
one another, and we obtain ia, $a, ta, Ufa, &c, for 
the whole {paces defcribed from the beginning of the 
motion to the end of the firft, fecond, third, &c, por- 
tion of time; namely fa fpace in one time, 4a in 2 
times, £2 in 3 times, and fo on: and it is evident that 
thefe {paces are as the numbers 1, 4; 9, 16, &c, which 
are as the fquares of the times. 

And from this mode of demonftration, all the pro- 
perties above-mentioned evidently flow: fuch as that 
the whole {paces - - 4a, 4a, fa, &e, 
are as the fquares of the times - 1, 2, 3, &C, 
that the feparate fpaces - ia, ha, fa, &c, 
defcribed in the fucceffive times, 
are ag the odd numbers - a 
and that the velocity @ acquired in any time 1, is 
double the fpace - - 4a defcribed in the fame time. 

As the laws of acceleration are very important, I 
fhall here infert the two following propofitions, fent 
me by my learned friend Mr. Abram Robertfon, of 
Chrift Church College Oxford, in which thofe laws are 
demonftrated in a manner fomewhat different. 


“ Prorostrion 1. 

Tf frome the point P in the ftraight line A B, the 
points M, N begin to move at the fame time, namely, 
M towards A with a motion uniformly retarded, and 
N from reft towards B with a motion uniformly acce- 
lerated; and if the velocity of M decreafes as much as 
the velocity of N increafes in the fame time ; then the 
{pate MN is generated by an uniform motion, equal 
to the velocity with which M begins to move. 


M P N 
A : ‘ : B 





For, by hypothefis, whatever is loft in the velocity 
of M by retardation, is added to the velocity of N by 
acceleration: the joint velocities, therefore, of M and N 
muft always be equal. But it is by the joint velocities 
of M and N that the fpace MN is generated. Con- 
feqnently MN is generated by an uniform motion, 
which is evidently equal to the velocity with which 
M begins to move. 


Ao. Proposition i 
If a point ‘begins to move in the direGion of a 
firaight line, and continues to move in the fame di- 
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reétion with a velocity uniformly accelerated ; the 
fpace paffed over in any given time, will be equal to 
half the {pace paffed over in the fame time with the 
velocity with which the acceleration ends. 

Let the point D begin to move from A towards B, 


mene the ftraight line AB, with a moiion uniformly 


accelerated ; the fpace A D’ paffed over, is equal to . 
half the fpace which the point would pals over, in the 
fame time with the acquired velocity at D. 


bd 
A . B 





Let the points M, N begin to move in the ftraight 
line GH, at the fame time, with equal velocities uni- 
formly. accelerated’; M beginning to move from G, 
and N from P; and at the fame time that M comes to 
the point P, let Neome toH. Then as M and N 


M P N 
G : . ‘ H 





move with equal velocities, uniformly accelerated, it is 
evident that the fpaces, which they pafs over in the 
fame time, are equal to one another ; confequently the 
fpace GP is equal to the {pace PH. Now as M be 
ins to move from G with a velocity nniformly ac- 
celerated, it will arrive at P with an acquired velocity. 
Hence it is evident, if it be fuppofed to begin to move 
from P with this acquired velocity, and proceed toward 
G with a velocity uniformly retarded in the fame dey 
ce that it was accelerated when it began to_move 
rom G, that it will pafs over the fame fpace G P in 
the fame time. Wherefore, fuppofing the two points 
M, N to begin to move from P at the fame time, 
namely the point M beginning to move with the ac- 
quired. velocity mentioned above, and proceeding to- 
wards G with the velocity uniformly retarded, de- 
fcribed above ; and the point N as before with the 
velocity uniformly accelerated : then as the acceleration 
and retardation are uniform, they will be equal in equal 
fpaces of time. Again, as M is retarded in the fame 
degree that it was accelerated when it began to move 
from G, that is, in the fame degree that N is ac- 
celerated, by the former prop. MN is genvrated 
by an uniform velocity. But when the point M 
arrives at G, its velocity becomes:.equal to o or 
nothing ;. and at the tinie that M arrives at G, N 
artives at H with the acquired velocity. Wherefore, 
as the velocities of M and N taken jointly are equal, 
and confequently uniform, the fpace G H1 is paffed 
over with the velocity of N at H, in the fame time 
that P H is paffed over by N beginning to move from 
P with a velocity uniformly accelerated to H. But 
PH is half of GH. “ Hence the prop. is manifeft.’* 

And hence the other laws of the fpaces, before. 
mentioned, eafily follow. 

Since the {paces defcended are as the {quares of the 
times, and the abfciffes of a parabola arc as the {quares 
of the ordinates, therefore-the relation of the times and 
{paces defcended may be very well reprefented by the 
ordinates and abfciffes of that figure. Thus if A B be 
the axis of the parabola Add/é, and A’C a tangent 

at 
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- the axis, divided into any num- 


&c, for the times; and if there 
be drawn ab, cd, e fy &c, pa- 


be the fpace defcended in the 
time Aa, then cd will be the 
{pace defcended in the time 
Ad, and ef the fpace de- 
feended in the time A e, and fo on continually, 

From the properties above-demonftrated, are derived 
the following practical formulas or theorems for ufe. 
Namely, if g denote the {pace pafled over in the firft 
fecond of time, by a body urged by avy conftant force, 
denoted by 1, and ¢ denote the time or number of fe- 
conds in which the body pafles over any other {pace s, 
and w the velocity acquired at the end of that time ; 
then from the foregoing laws we have v = 2 g4, and 
s=gt*; and from thefe two equations refult the 
following general formulas : 
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And here, when the conftant force 1, is the natural 
force of gravity, then the diftance g'defcended in the 
firft fecond, in the latitude of London, is 16, feet :. 
but if it be any other conftant force, the value of g 
bt be different, in proportion as the force is more or 

8. 

The motion of an afcending body, or of one that 
is impelled upwards, is diminifhed or retarded by the 
fame principle of gravity, ating in a contrary direc- 
tion, after the fame manner that a falling body is acce- 
Terated. - * 

A body proje€ted upwards, afcends until it has loft 
all its motion ; which it does inthe fame fpace of time, 
that the body would have taken up in acquiring, by 
falling, a velocity equal to that with which the falling 
body began to be projected upwards. And confe- 
quently the heights to which bodies afcend, when pro- 
jeted upwards with different velocities, are to each 
‘other as the fquares of thofe velocities, 

Accereraten Motion of Bodies on Inclined Planes, 
‘The fame general laws obtain here, as in bodies falling 
freely, or perpendicularly ; namely, that the velocities 
are as the times, and the fpaces defcended down the 


planes as the {quares of the times, or of the velocities... 


‘But thofe velocities are lefs, according to the fine of 
the plane’s inclination ; and the fpaces lefs, according 
to the fquare of the fine. See Incuinzp Plane. 

AcceteraTEeD Motion of Penduluins, See Pexnu- 
LUM, 

AcceLeratep. Motion of Projediles. See Pro- 
JECTILIL 

AccELERATED Motion of Gompreffed. Bodies, in exe 


"ff at J 
at the vertex perpendicular to. 


ber of equal parts Aa, ac, ¢4,. 


rallel to the axis: hence if ad~ 
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panding or reftoring themfelves, See DinaTATION, 
Compression, and Exvasricity. : 

AcceLesatTinG Foxce, in Phyfics, is the foree 
that accelerates the motion or velocity of bodies ; 
and it is equa} to, or expreffed by, the qyotientarifing 
from the motive or abfolute force, divided by the 
mafs or weight of the body that is moved, In 
treating of phyfical confiderations refpeGting forces, 
velocities, times, and {paces gone over, the fine inquiry 
is the accelerating or accelerative force. This force is 

veater or lefsin proportion to the velocity it generates 

in the fame time, and by this velocity it is meafured. All 
accelerating forces are equal, and generate equal velo- 
cities, that have the motive forces direGtly proportional 
to the qdantities of matter: fo a double motive force 
will move a double quantity of matter with the fame 
velocity, as alfo a triple motive force a triple quantity, 
a quadruple force a quadruple quantity, &c, all with the 
fame velocity. And this is the reafon why all bodies. 
fall equally iwift by the force of gravity ; for the mo- 
tive force is exaétly proportional to their weight or 
mafs, In general, the accelerating force is in the direct 
ratio of the motive force, and inverfe ratio of the 
quantity of matter. Whena body is let fall freely, to 
defcend by the force of its natural gravity, it has been 
found by experiment that it falls through 16,% feet in 
one fecond of time, and requires a velocity of 32% feet in 
that time: but if the quantity of matter be doubled, and 
the motive force remain the fame as before, by connedt- 
ing the falling body to another of equal weight by 
means of a thread, this other Body being laid on a ho-. 
rizontal plane, and the falling body hanging down off.” 
the plane, and drawing the other equal body along the 
lane after it; then the accelerating farce will be only. 
half of what it was before, and the fpace fallen in one: 
fecond will be only 8%, feet, and the velocity acquired 
163,: and if the quantity of matter be tripled, or- 
the body drawn along the plane doubled ; then the ac- 
celerating force will be only one-third of what it was. 
at firft, and the fpace defcended in one fecond, and ve- 
locity acquired,. each one-third of the firft: and fo on. 

But accelerating forces are fometimes variable, as 
well as fometimes conftant ; and the variation may be 
either increafing or decreafing. 

The nature of conftant and variable accelerating. 
forces, may be illuftrated in. the following manner. 
Let two weights W, w, be conneéted by a thread 
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paffing over a pully at A, B, or C; and let the weight 

W defcend perpendicularly down, while it draws the 

{maller weight w up the line AD, or BE, or CF, a 
7 fix 


’ 


ace 


firk being “a ftraight inclined plane, and the other two 
curves; the one convex and the other concave to the 

érpendicular. Then the {mall weight w will always make 

me certain reliftance to the free defcent: of the large 
weight W, end that refiftance will be conftantly the 
fame in every part of the plane AD, the difficulty to 
draw it up being the fame in every point of it, becaufe 
every part of it has the fame inclination to the horizon, 
or to the perpendicular; and confequently the accef- 
fidns to the velocity of the defcending weight W, will 
be always equal in equal times; that ts, in this cafe W 
defcends by a uniformly accelerating force. But in 
the two ctirves BE, C F, the refittance or oppofition 
of the {mall weight a will be conftantly altering as it 
is drawn up the curves, becaufe every part of them has 
a different inclination to the horizon, or to the perpen- 
dicular: in the former curve, the direétion becomes 
more and more upright, or nearer perpendi¢ular, as the 
fmall weight w afcends, and the oppolition it makes to 
the defeent of W, becomes more and more; and con- 
fequently the acceffions to the velocity of W will be 
always Jefs and lefs in equal times; that is, W defcends 
by adecrealing accelerating force: but in the latter 
curve CF; as w afcends, the direétion of the curve be- 
comes lefs and lefs upright, and the oppofition it makes 
to the defcent of W, becomes always lefs and lefs ; and 
confequently the acceffions to the velocity of W will 
be always more and more in equal times; that is, W 
defcends by an increafing accelerating force, So that 
although the velocity continually increafes in all thefe 
cafes, yet whillt it ingpeafes in a tonftant ratio to 
the times of motion, in the plane A D; the. velocity 
increafes in a lefs ratio than the time it afcended up 
BE, and in a greater ratio than the time increafes in 

. the other curve CF, 

‘Now the relations between the times and velocities 
in all thefe cafes, may be very well reprefented by the 
relations between the abfciifes and ordinates of certain 
Ynes. Thus let AB and AC be two ftraight lines, 





making any angle BAC; and AD, AE two ctrves, 
the former concaye, and the latter convex towards AB: 
divide A B into any parts Aa, A b, &c, reprefenting 
the times of motion; and draw the perpendiculars 
acde, bfgh, &c, reprefenting the velocities. Then 
in the right line AC, the ordinates a4, bg, being as 


the abfciffes Aa, AJ, this reprefents the cafe of uni-~ 


formly accelerated motion, in which the velocities are 
always as the times: but in the curve A D, the ordi- 
nates ac, 4 f increafe in a lefs ratio than the abfciffes 
Aa, Ad; and therefore this reprefents the cafe of 
adecreafing acceleration, in which-the velocities increafe 
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“jn a lefa ratio than the times: and in the other curve 
AE, the ordinates a,,5 increafe in a greater ratio 

-than the abfciffes; and therefore this reprefents the 

cafe of increafing acceleration, in which the velocities 

increafe in a greater ratio than the times. 

The feveral algebraic formulas or theorems, refpet- 
ing the time, velocity, fpace, for conftant accelerating. 
forces, are delivered above, at the article Accelerated Mo- 
tion, where the value of each circumitance is expreffed’ in 
finite determinate quantities. But in the cafes ef vari- 
ably accelerated motions, the formulas will require the 
help of the inethod of fluxions to exprefs, not thofe 
general relations themfelves, but the fluxions of them 5 
and corfequently, taking the fluents of thofe ex- 
preflions, in particular cafes, the relations of time, 
{pace, velocity, &c, are obtained. 

Now if ¢ denote the time in motion, 

» w the velocity generated by any force, 
sthe {pace paffed over, 

and 2g the variable force at any part of the motion, 
or the velocity the force would generate in one fecond. 
of time, if it fhould continue invariable, like the force 
of gravity, during that one fecond; and therefore the 
value of this velocity 2g, will be in proportion to 324 
feet, as that variable force, isto 1 the force of gravity. 
Then becaufe the force may be fuppofed conitant dur- 
ing the indefinitely {mall time #, and that in uniform © 
motions the {paces and velocities are proportional to the 
times, we from thenée obtain thefe two general funda- 
mental porportions, 
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From which are derived the four formulas below, in 


which the value of each quantity is exprefled in terms 
of the reft, - 
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And thele theorems equally hold good for the de« 
ftruction of motion and velocity, by means of retard- 
ing forces, as for the generation of the fame by means 
of accelerating forces. 

Acceeration, in Mechanics, the increafe of velo- 
city in a moving body. 

Accevsration. 4fron, The Diurnal Acceleration 
of the fixed ftars, is the time which the ftars, in one diur- 
nal revolution, anticipate the mean diurnal revolution 
of the fun; which-is 3™ 55*.% of mean time, or nearly 
4" 56': that is, a ftar rifes, or fets, or paffes the mes 
Fidian, about 3" 56* fooner-each day. ‘Thiegaccelera- 
tion of the ftars, which is only apparent in them, arifes 
from the real retardation of the fun, owing to his appa- 

rent 
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§9!/ 8st; of a degree every day. So that the ftar which 


pailed the meridian yefterday at the fame moment with - 


the fun,-is to-day about 59/8” paft the meridian to the 
weft, when the fun arrives at it; which will take him 
ey about 3" 56° ef time to -pafs over; and therefore 
the ftar pafles by ‘§™ 56° fooner than the fim each day, 
or anticipates his motion at that rate. The true quan- 
tity of this anticipation, or acceleration, is found by 
this proportion, 360° 59' 8/4 : sof 8//E :: 24 hours: 
3a" Bere the fourth term of which is the acceleration. 
e diurnal acceleration ferves to regulate the lengths 
- or vibration of pendulums. If I obferve a fixed itar 
fet or pafs behind a hill, fteeple, or fuch like, when the 
pendulum marks for inftance 8® 10"; and the next day, 
the eye being in the fame place as before, the paflage 
be at 866" 45; I thence conclude that the pendulum 
is well regulated, or truly meafures mean time. 

AccELeration of a Planet. A planet is faid to be 
accelerated in its motion, when its real diurnal motion 
exceeds its mean diurnal motion. And, on the other 
hand, the planet is faid to be retarded in its motion, 
when the mean exceeds the real diurnal motion. This 
inequality arifes from the change in the diilance of the 
planet from the fun, which is continually varying ; the 
planet moving always quicker in its orbit when nearer 
the fun, and flower when farther off. 

, Accereration of the Moon, isa term ufed to ex- 

refs the increafe of the moon’s mean motion from the 
lun, compared with the diurnal motion of the earth ; 
by which it appears that, from fome uncertain caufe, it 
is now a little quicker than it was formerly. Dr. Hal- 
ley was led to the difcovery, or fufpicion, of this acce- 
leration, by comparing the ancient eclipfes, obferved at 
Babylon, &c, and thofe obferved by Albategnius in 
the ninth century, with fome of his own time ; asmay 
be feen in N*218 of the Philofophical TranfaGions. 
He could not however afcertain the quantity of the 
acceleration, becaufe the longitudes of Bagdat, Alex- 
andria, and Aleppo, where the obfervations were made, 
had not ‘been accurately determined. But fince his 
time the longitude of Alexandria has been afcertained 
by Chazelles; and Babylon, according to Ptolemy’s 
account, lies 50’ eaft of Alexandria. From thefe data, 
Mr. Dunthorne, vol. 46 Philof. Tranfa€tions, compared 
the recorded times of feveral ancient and modern eclipfes, 
with the calculations of them by his own tables, and 
thereby verified the fufpicion that had been ftarted by 
Dr. Halley ; for he found that the fame tables gave the 
moon’s place more backward than her true place in 
ancient eclipfes, and more forward than her true place 
in later eclipfes ; and thence he juftly inferred that her 
motion in ancient times was flower, and in later times 
quicker, than the tables give it, 

Not content however with barely afcertaining the 
fact, he proceeded to determine, as well as the obfer- 
vations would allow, the quantity of the acceleration ; 
and by means of the moft authentic eclipfe, of which 
any good account remains, obferved at Babylon in the 
year 721 before Chrift, he found that the obferved be- 
ginning of this eclipfe was about an hour and three 
quarters dooner than the beginning by the tables; and 
that therefore the moon’s true place preceded her place 

" by computation by about 50’ of a degree at that. time. 
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gent motion in his orbit towards the eaft, which is about - 
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Then admitting the acceleration to be untform, and 
the aggregate of it ds the fquare of the-time, it will 
be at the rate of about 10” in 1co years. ~ 

Dr. Long, vol. ii. p. 436 of his Aftronomy, eni- 
merates the following caufes from fome one or more 
of which the acceleration may arife. Either tf, the 
annual and diurnal motion of the earth continuing the 
fame, the moon is really carried about the earth with 
a greater velocity than formerly : or, 2dly, the diurnal 
motion of the earth, and the periodical revolution ‘of 
the moon, continuing the fame, the annual motion of 
the earth about the fan is retarded; which makes the 
fun’s apparent motion in the ecliptic a little flower than 
formerly; and confequently the moon, in paffing from 
any conjun&tion with the fun, takes up a lefs time be- 
fore fhe again overtakes the fun, and forms a fubfequent 
conjunction ; in both thefe cafes, the motion of the 
moon from the fun is really accelerated, and the fyno- 
dical month a@tually fhortened : or, 3dly, the annual mo- 
tion of the earth, and the periodical revolution of the 
moon, continuing the fame, the rotation of the earth 
upon its axis isa little retarded; in this cafe, days, 
hours, minutes, &c, by which all periods of time muft 
be meafured,. appear of a longer duration ; and confe- 
quently the fynodical month will appear to be fhortened, 
though it really contain the fame quantity of abfolute 
time as it always did. If the quantity of matter in the 
body of the fun be leffened, by the particles of light 
continually ftreaming from it, the motion of the earth 
about the fun may become flower: if the earth in- 
creafes in bulk, the motion of the moon about the 
earth may thereby be quickened. 

ACCELERATIVE Force, 7c, the fame as Ac- 
CELERATING. 2 a 

ACCESSIBLE, fomething that may be approach- 
ed, orto which we can come. In Surveying, it is fuch. 
a place as will admit of having a diftance or length of 
ground meafured from it; or Fach a height or depth as 
can be meafured by actually applying a proper inftru- 
ment to it. For the means of doing which, fee ALTims- 
TRY, LonGimetrRy, or HeIGHTs-axd-DisTANCES. 

ACCIDENS, Accipest, Philof. 

Per Accipens is a term often ufed among philofo- 
phers; to denote what does not follow from the nature 
of athing, but from fome accidental quality of it: in 
this fenfe it ftands oppofed to per /e, which denotes 
the nature and effence of a thing. Thus, fire is faid to 
burn per fe, or confidered as fire, and not per accidens 5 
but a piece of iron, though red-hot, only burns per’ 
accidens, by a quality accidental to it, and not confi-. 
dered as iron, 5 

AccipEnts, in Afrolegy, denote the moft extraordi- 
nary occurrences in the courfe uf.a perfon’s life, either 
good or bad: fuch as a remarkable inftance of good 
fortune, a fignal deliverance, a great ficknefs, &c. 

ACCIDENTAL, fomething that partakes of the 
tature of -an accident; or that is indifferent,. or not ef- 
fential to its fubje&t.—Thus whitenefs is. accidental to 
marble, and fenfible heat to iron. 

AccipenTat Colours, fo called by M. Buffon, are. 


-thofe which depend on the affeGtions of the eye, in 


contiadiftinGtion to fuch as belong to light itfelf. 
‘The impreffions made upon the eye, by looking fted- 
faftly on objects of a particular colour, are various 
: according 
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according fo the fingle- colour, or affemblage of 
colours, in the object; and they continue for fome 
time after the eye is withdrawn, and give a falfe colour- 
ing to other objeéts that are viewed during their conti- 
yiuance. M, Buffon has endeavoured to trace the con- 

ie€tion between thefe accidental colours, and thofe that 
‘are natural, in a variety of inftances. M. d’Arcy con- 
ttived a machine for meafuring the duration of thofe 
impreffions on the eye 5 and from the refult of feveral 


tria's he inferred, that the effect of the aétion of Hight: 


on the eye continued about eight thirds of a minute. 

The febje& has alfo been confidered by M. de la 
Hire, and M. Aepinus, &c. See Mem. Acad. Paris 
1743, and 17653 Noy. Com. Petrop. vol. 105 alfo Dr. 
Prieftley’s Hill. of Difcoveries relating to Vifion, 
wpa. 631. 

AcciwenTAL Point, in Perfpedtive, is the point in 
which a right line drawn from the cyé, parallel to an- 
other right line, cuts the picture. or perfpective plane. 





Let ‘A B be the line given to he put into perfpective, 
CFD the pi@ure or perfpcétive plane, and E the eye: 
draw E F parallel to A B; fo thall F be the accidental 
point of the le AB, and indced of all lines parallel 
to it, fince only one par lel to them, namely EF, can 
be drawn from the fame point E; and in the accidental 
point concur or meet the reprefentations of all the pa- 
rallels to A B, when produced. 

It: is called the accidental point, to diftinguihh it 
from the principal point, or point of view, where a line 
drawn from the eye perpendicular to the perfpedtive 
plane, meets this plane, 
point to all lines that are perpendicular to the fame plane. 

Accipentat Dignities, and Debilities, in Aftrology, 
are certain cafual difisofitions, and affe€lions, of the 
planets, by which they are fuppofed to be either 
ftrengthened, or weakened, by being in fuch a houfe 
of the figure. 

ACCLIVITY, the flope or fteepnefs of a line or 
plane inclined to the horizon, taken upwards ; in con- 
tradiftin@ion to declivity, which is taken downwards. 
So the afcent of a hill, is an acclivity : the defcent of the 
fame, a deciivity. 

Some writers on fortification ufe acclivity for talus z 
though more commonly the word talus is ufed to denote 
the flope, whether in afcending or defcending. : 

ACCOMPANYMENT, in Maejfic, denetes either 
the different parts of a piece of mufic for the different 
inftruments, or the inftruments themfelves which ac- 
company a voice, to fuftain it, 26 well as to make the 
snufic more full. 

. _ The Accompanyment is ufed in recitative, as well as 
in fong ; on the ftage, as well av in the choir, Ke. 
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and which is the accidental * 
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The ancients had likewife their accompanyments 
on the theatre; and they had even different kinds of 


“Inftruments to accompany the chorus, from thofe which 


accompanied the ators in the recitation. 
‘The accompanyment among the moderns, ts often 2 


“different part, or melody, from the fong it accompanies. 


But it is 
cients. 

Organifts fometimes apply the word to feveral pipes 
which they occafionally touch to accompany the treble ; 
as the drone, the flute, &c. 

ACCOMPT. See Account. 

ACCORD, according to the modern French mufic, 
js the union of two or more founds heard at the fame 
time, and forming together a regular harmony. 

They divide Accords into per/ed and imperfed ; and 
again into confonances and i hapa 

‘Accord is more commonly called Concorp, which 
fee. 

Accor is alfo fpoken of the ftate of an inftrument, 
when ite fixed founds have among themfelves all the 
juttnefs that the ought to have. 

ACCOUNT, or Accompr, in Arithmetic, &c, a 
calculation or computation of the number or order of 
certain things ; as the computation of time, &c. 

There are various ways of accounting ; as, by enu- 
meration, or telling one by one; or by the rules of 
arithmetic, addition, fubtraétion, &c. 

Account, in Chronology, is nearly fynonymous with 
ftyle. This, we fay the nglifh, the foreign, the Ju- 


ay the Gregorian, the Old, or the New account, or 
lee. 

"We account time by years, months, &c; the 
Greeks accounted it by olympiads; the Romans, by 
indiGtions, luftres, &ce 

ACHERNER, or ACHARNER, in Afronomy, a ftar of 
the firft magnitede in the fonthern extremity of the 
conftellation Eridanus, marked « by Bayer. Its longi- 
tude for 1761, 3 11° 55/175 and latitude fouth 
59° 22! 4” 

ACHILLES, a name given by the fchools to the 
principal argument alleged by each feét of philofophers 
in behalf of their fytem. In thisfenfe we fay this is 
his Achilles; that is, his mafter-proof: alluding to 
the ftrength and importance of the hero Achilles among 
the Greeks. ; 

Zeno’s argument againit motion is peculiarly termed 
Achilles. That philofopher made a comparifon between 
the fwiftnefs of Achilles,and the flownefs of a tortoife, 
pretending that a very fwift animal could never over- 
take a flow one that ‘vas before it, and that therefore 
there is no fuch thing as motion: for, faid he, if the 
tortoife were one mile before Achilles, and the motion 
of Achilles 100 times fwifter thau that of the tortoife, 
yet he would never overtake it; and for this reafon, 
namely, that while Achilles runs over the mile, the 
tortoife will ereep over one hundredth part of a mile, 
and will be fo much the foremoft ; again while Achilles 
runs over this ;2gth part, the tortoife will creep over 
the rooth part of that ;§nth part, and will ftill be this 
laft part the foremoft ; and fo on continually, according 
to-an infinite feries of 100th parts: from Mhich he 
concluded that the {wifter coal never overtake the 
flower in any finite time, but that they muft go on ap- 

proaching 


difputed whether it was fo among the an- 
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Proaching. to infaity. But this fophifm lay in’ their 


epnlidering as an infinite time, the {um of the infinite . 


feries of {mall times ia which Achilles could tun over 
the infinite feries of fpaces, § +145 + todos + 


{egos0e Kc, not knowing that the {um of this infinite - 


feries is equal to the quantity t'y of a mile, and that 
therefore Achilles will overtake the tortoife when the 
latter has crawled over yi;th of a mile. 

ACHROMATIC, in Oprics, without colour; a 
term which, it feems, was firft ufed by M. de la Lande, 
in his aftronomy, to denote telefcopes of a new inven- 
tion, contrived to remedy aberrations and colours: See 
Aberration and Telefcope, : 

Acuromatic Tevxscope, a fingular fpecies of re- 
fradting telefcope, {aid to be invented by the late Mr. 
John Dollond, optician to the king, and fince improved 
by his fon Mr. Peter Dollond, and others. 

Every ray of light paffing obliquely from a ‘rarer 
into a denfer medium, changes its dire€tion towards the 
perpendicular; and every ray pafling obliquely from a 
denfer'into a rarer medium, changes its direction from the 
perpendicular. This bending of the ray, caufed by the 
change of its direGion, is called its refraétion; and 
the quality of light which fubjedts it to this refra@tion, 
is ‘called its refrangibility. Every ray of light, before 

it is refraéted, is white, though it confifts of 2 number 
of component rays, each of which is of a different co- 
Tour. As foon as it is refracted, it is feparated into its 
Somponent rays, which, from that time, proceed di- 
verging from each other, like rays from a centre: and 
this divergency is caufed by the different refrang ibility 
of the component rays, in fuch fort, that the more the 
original or component ray is refracted, the more will 
the compound rays diverge when the light is refra@ted 
by one given medium only. 

From hence it has been concluded, that any two dif- 
ferent mediums that can be made to produce equal re- 
fractions, will neceflarily produce equal divergencies : 
whence it fhould alfo follow, that equal and contrary 
refraétions fhould not only deftroy each other, but that 
the divergency of the colours caufed by one refraGtion, 
fhould be corre€ted by the other; and that to produce 
refraGtion that would not be affeéted by the different 
sefrangibility of light, is impoffible. 

But Mr. Dollond has proved, by many experiments, 
that thefe conclufions are not well founded ; from which 
experiments it appeared, that a ray of light, after equal 
and contrary refraGtions, was fil fpresd into compo- 
nent rays differently coloured: in other words, that 
two different mediums may caufe equal refraftion, but 
different divergency ; and equal divergency, with dif- 
ferent refraction, 1t follows therefore that refraétion 
may be produced, which is not affe&ted by the different 
refrangibility of light. In other words, that, if the 
mediums be different, different refra€tions may be pro- 
duced, though at the fame time the divergency caufed 
by one refraction fhall be exaétly counterafted by the 
divergency caufed by the other; and fo an object may 
be feen through mediums which, together, caufe the 
rays to converge, without appearing of different colours. 

‘This isghe foundation of Mr. Dollond’s intprovement 
of refraGting telefcopes. By fubfequent experiments he 

_ found, that different forts of glafs ditered greacly in their 
refraGtive qualities, with refpec to the divergency of co- 
jours. He found that crown glafs caufes the leait diver- 

‘or... fT. 
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geacy, and white fint the moft, when they are wrought, 
into forms that produce equal refrations. He-ground a 
piece of white flint glafs into a wedge, whofe angle was 
about 25 degrees; and a piece of crdwn glais to another, 
whofe angle was about 29 degrees; and thefe he found 
refracted nearly alike, but that their divergency of 
colours was very different. 
~ He then ground feveral other pieces of crown glafs 
to wedges of different angles, till he got one that was 
equal, in the divergency it produced, to that of a wedge 
of flint glafs of 25 degrees; fo that when they were 
put together, in fuch a manner as to refraét in contrary 
dire&tions, the refra&ted light was perfeétly free from 
colour, Then meafuring the fra€tions of each wedge, 
he found that that of the white flint glafs, was to that 
of the crown glafs, nearly as two to three. And hence 
any tw6 Wedges, made of thefe two fubftances, ‘and in 
this proportion, would, when applied together fo as te 
refra&t in contrary directions, refra&t the light without,’ 
any effe&t ariling from the different refrangibility of the 
component rays. ee 
Therefore, to.make two {pherical glaffes that refragt 
the light in contrary dire€tions, one mutt be concave, 
and the other convex ; and as the rays, after pafling 
through both, muft meetin’ a focus, the excefs of the 
refraétion muft be-in the convex one; and as the con- 
vex is to refraét moft, it appears from the experiment 
that it muft be made of crown glafs; and as the cat- 
cave is to refra& leaft, it muft be made of white flint. 
_~And farther, as the refraGtions of {pherical glaffes 
are in an inverfe ratio of their focal diftances, it follows 
that the focal diftances of the two glaffes fhould be in 
the ratio of the refrations of the wedges; for, bein: 
thus proportioned, every ray of light that patfes chrcesh 
this combined glafs, at whatever diftance from its axis, 
will conftantly be refracted by the difference between 
two contrary refractions, in the proportion required ; 
and therefore the effe&t of the different refrangibility 
of light will be prevented. —~ 
. The removal of this impediment, however, produced 
another: for the two glaffes, which were thus com- 
bined, being fegments of very deep {pheres, the aber- 
rations from the {pherical furfaces became fo confider- 
able, as greatly to difturb the diftin&tnefs of the image. 
Yet confidering that the {urfaces of {pherical glaffes 
admit of great variations, though the focal diftance be 
limited, and that by thefe variations their aberration 
might be made more or lefs at pleafure; Mr. Dollond 
plainly faw that it was er to make the aberrating 
of any two glaffes equal; and that, as in this cafe the 
refra€tions of the twa glaffes were contrary to each 
other, and their aberrations being equal, thefe would 
defiroy each other. j 
Thus he obtained a perfe& theory of making objec 
glaffes, to the apertures of which he gould hardly per- 
ceive any limits: for if the pratice could come up to 
the theory, they muft admit of apertures ‘of great ‘¢ex- 
tent, and confequently bear great magnifying: powers. 
The difficulties of the pra€tice are,’ however, ftill 
very confiderable, For firft, the focal diflances, as 
well as the particular furfaces, ‘muft be proparicadl 
with the utmoft accuracy to the denfities and refrating 
powers of the glaffes, which vary even in the fame fort 
of glafs, when made at different times. “Secondly, 
there are four furfaces to be wrought perfectly {pherical, 
ee Wowever. 


‘ 
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However, Mr. Dollond could conftru& refracting tele- 
fcopes upon thefe principles, with fuch apertures and 
magnifying powers, under limited lengths, as greatly 
exceed any that were produced before, in forming the 
images of objects-bright, diftinG, and uninfeGted with 
eolours abont the edges, through the whole extent of a 


very large field or compafs of ‘view; of which he has. 


given abundant and undeniable teftimony. See TELE- 
SCOPB. 

There has lately appeared in the Gentleman’s Maga- 
zine (1790 pa. 890) a paper on the refracting tele- 
feope, by an author who figns Veritus, jn which the 
invention is afcribed to another perfon, not heretofore 
mentioned ; in thefe words: “ ‘As the invention has 
been claimed by M. Euler, M. Klingenftierfa, and 
fome other foreigners, we ought, for the honour. of 
England, to affert our right, and give the merit of the 
difcovery to whom it is due ; and therefore, without 
farther preface, I fhall obferve, that the inventor was 
Chefter More Hall} Efq. of More-hall, in Effex, who, 
about 1729, as appears by his papers, confidering the 
different humours of the eye, imagined they were 

laced fo as te correét the different refrangibility of 
ight. He then conceived, that if he could find fub- 
ftances having fuch properties as he fuppofed thefe hu- 
mours might poffefs, he fhould be enabled to conftruét 
an ‘obje&t glafs that would thew objeéts colourlefs. 
‘After many experiments he had the good fortune to 
find thofe properties in two different forts of glafs, and’ 
making them difperfe the rays of light in different di- 
reQions, he fueceeded. About 1733 he com) leted fer 
veral achromatic objeét glaffes (though he did not give 
them this name), that bore an aperture of more than 
2} inches, though the focal length did 
inches; one of which is now in the 
Rev. Mt. Smith, of Charlotte Street, thbone Place. 

This glafs has been examined by feverat gentlemen 
of eminence and feientific abilities, and found to pole 
fefs the properties of the prefent achromatic gfaffes. 

Mr, Hall ufed to employ the working opticians to 
grind his lenfés;.at the fame time he fintfhed thenr 
with the radii of the furfaces, not only to corre&t the 
different refrangibility of rays, but alfo the aberration 
ariting from the fpherical figure of the Tenfes. Old Mrs. 
Bats, who at that time lived in Bridewelf precin&, was 
‘ene of thefe working opticians, from whom Mr..Hall’s 
invention feems to have been obtained. 

Yn the trial at Weftmintter-hall about the patent for 
makiag achromatic telefcopes, Mr. Hall was allowed 
to be the inventor; but Lord Mansfield obferved, that 
# Tre was not the perfon ttiat locked up his invention in 
his {erutoire that ought to profit by a: patent for fuck 
an invention, but he who brought it forth for the Bene-+ 
fit of the public.” This, perhaps, might be faid with 
fome degree of juftice, as Mr. Hall was a gentleman 
of property, and did not look to any pecuniary advans 
tage from his difcovery 5 and,. eonfequently, it is very 
probable that he might not have an intention to make 
st genevally known at that time. 

Phat Mr. Ayfcough, © ticlan on Lodgate Hill, 
‘Was in. pofléffion ‘of one of Mr, HalPs achromatic tele- 
feopes in 1754, isa fact which at this time will not be 
difputed.” 

"ACHRONICAL, or Achronyeal. See ACRONYCH ATs 
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ACOUSTICS. This term, in phyfico-mathematical? 
meaning, fignifics the doétrine of hearing, and the art’ 
of affilting that fenfe by means of {pcaking trumpets, 
hearing trumpets, whifpering galleries, and fuch like. 


“See Srenrropuontc TUBE. 


“Sturmius, in his Elements of Univerfal Mechanics, 
treating of Acouttics, after examining. into the nature 
of founds, deferibes the feveral parts of the external: 
and internal ear, and their feveral ufes and connexions 
with each other; and from thence deduces the mecha+ 
nifm of hearing: and laflly, he treats of the means of 
adding an intenfity of force to the voice and other 
founds ; and explains the nature of echoes, otacoultic 
tubes, and fpeaking trumpets. See Sound, Ear, Voices 
and Ecno. 

Dr. Hook, in the preface to his Micrography, afferts- 
that the loweft whifper, by certain means, may be 
heard at the diftance of a furlong ; and that he knew a 
way by which it is eafy to hear any one fpeak through: 
a wall of three feet thiek ;- alfo that by means of an ex~ 
tended wire, found may be conveyed to a very great’ 
diftance, almoft in an inftant. . 

ACRE, from theSaxon acre, or German acker, afieldy 
of the Latin ager. It isa meafure of land, containings 
by the ordinance for meafuring land, made in the 33d 
and 34th of Edward I’, 160 perches: or ag poles of. 
land; that is, 16 inlength and 10 in breadth, or in that’ 
proportion: and as the ftatute length of a pole is 53° 
yards, or 16% fect, therefore the-acre will contain 4840" 
as eine or 43560 fquare-feets. The chain with: 
which land is commonly meafured, and which was in« 
vented by Gunter, is 4 poles or 22 yards in length 5° 
and therefore the acre is juft 10 fquare chains; that isy 
ro chains in-length:and one in breadth, or in that’ pro- 
portion. Farther, as a mile contains 1760 yards, or 
86 chains. in length, therefore the fquare mile contains - 
640 acres. “ip 

The acre, in furveying, 
the rood is-4o‘perches. 

‘The French acre, arpent, is equal to 14 Englifh acre 3 

The Strafburg contains about 7’an Englifh acre 5 

Vhe Welch acre contains about 2 Englifh acres ; 

The Irifh acre contains Tac..2 t. 197s" . Englifhs 

Sir William Petty, in his Political rithmetic, 
reckons that England contains 39, million acres ¢: 
put Dr. Greve fhews, in the Phit, Tranf. N° 3305 
that England contains not lefs than 46 million acress 
Whence he infers that England is above. 46 times as 
large as the province of Holland, which it is‘faid con- 
tains but about one million of acres. . 

By a ftatute of the grt of Elizabeth, it is ordained, . 
that if any man ere& a cottage, he fhall annex four 
acres of land to it. f 

ACRON¥CHAL,.or Acronycat, in: Afronomy, 
is faid of a far or planet; when it is oppofite to the 
fun. It isfromthe Greek axpenyos, the point or ex- 
tremity of night, Becdufe the flar rofe at {un-iet, orthe 
beginning of night, and fet at fun-rife, or the end of 
night; and’fo it thone all the night. 

e acronychal is. one of the three Greek poetic 
rifings and fettings of the ftars ; and flands Hitinguifh- 
ed from Cofmical and Heliacal.. And by means of 
which, for want of accurate inftruments, and other obs. 
fervations, they might regulate the length of their year. 

# ACROTERIA, 


ig divided into 4.roods, and 


. 
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, ACROTERK, or Acrorers, in Architedure, {mall 


4 ftals, ufually without bafes, placed on pediments, . 
y P pea 


and ferving to fupport flatues. 
Thofe at the extremities ought to be half the height 


of the tympanum ; and that in the middle, according - 


to Vitruvius, one eighth part more. 

* Acroteria alfo are fometimes ufed to fignify 
Aigures, whether of {tone or metal, placed as orna- 
ments or crownings, on the tops of temples, or other 
duildings. 

It is alfo fometimes ufed to denote thofe fharp pina- 
‘eles or fpiry battlements, that ftand in ranges about 
flat buildings, with rails and baluflres. 

ACTION, in Mechanics or Phyfics, aterm wfed to 
denote, fometimes the effort which fome body or power 
exerts againft another bedy or power, and fomctimes 
it denotes the effe&is refulting from fich effort. 

The Cartefians re‘ulve all phyfical ation into meta- 
iPhyfical. Bodies, according to them,-do not a& on one 
another; the ation comes al! immediately from the 
Deity ; the motions of bodies, which feem to be the 
caufe, being only the occafions of it. 

Tt is one of the laws of nature, that aétion ‘and re- 
vadtion are always equal, and contrary to each other 
in their direCtions, 

Aion is either inftantaneous or continued ; that is, 
-either by collition or percuffion, or by preflure. Thefe 
two foris of action are heterogeneous quantities, and 
are not comparable, the fmalleft ation by percuflion 
sexceeding the greateft a€tion of preffure, as the finalleft 
Surface exceeds the longeft line, or as the fmalle# folid 
exceeds the largeft furface: thus, a man by a fmall 
‘blow with a hammer, will drive a wedge below the 
grvatelt fhip on the flocks, or under any other weight 5 
that ig, the {malleft: percuffion overcomes the preflure 
of the greatelt weight. Thefe ations then cannot be 
meafured the one by the other, but each muft have a 
‘meafure of its own kind, like as folids muft be mea- 
fured by folids, and furfaces by furfaces: time being 
concerned in the one, but not in the other. 

If a body be urged at the fame time by equal and 
contrary actions, it will remain at reft. But if one of 
thefe ations be greater than its oppofite, motion will 


* -enfue towards the part leat urged. 


The aChons of bodies upon each other, in a fpace 
that is carried umiormly forward, are the fame as if 
the {pace we::. at reft; and any pawers or forces that 
aé upon all indies, fo as to produce equal velocities in 
tthem in the fame, or in parallel right lines, have no 
effe& on their mutual aGions, or relative motions. 
‘Thus the motion of bodies on board of a fhip that is 
carried uniformly forward, are performed in the fame 
manner as if the thip was at reft.. And the motion of 
the earth about its axis has no effet on the adtions of 
‘bodies and agents at its furface, except in fo far as it 
is not uniform and reGtilineal. In general, the ations 
of bodies upon each other, depend not on their abfo- 
‘lute, but relative motion. 

Quantity of Action, in Mechanics, a name given 
chy M. de Maupertuis, in the Memoirs-of the Academy 
of Scienges of Paris for 1744, and in thofe of Berlin 
for 1746, to the continual produ@ of the mafs of a 
ody, by the fpace which it runs through, and by its 
calerity. He lays it down asa general law, that in the 
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changes made in the. ftate of a body, the quantity of 
ation neceflary to produce fuch change is the leat poffr. 
ble. This principle he applies to the inveftigation of 
the laws of refraction, and even the Jawa of rett, as he 
calls them ; that is, of the equilibrium or’ equipollency 
of preffures; and even to the modes of acting of the 
Supreme Being. In this way Maupertuis attempts 
to connet the metaphylics of final caufes with the 
fundamental truths of mechanics; to fhew the de- 
pendence of the collifion of both elaftic and hard 
bodies, upon one and the fame law, which before bad 
always been referred to feparate laws; and to reduce 
the laws of motion, and thofe of equilibrium, to one 
and the fame principle. . 

But this quantity of motion, of Maupertuis, which 
is defined to be the produ@ of the mafs, the fpace 
pafled over, and the celerity, comes to the fame thing” 
as the mafs multiplied by the fquare of the velocity, 
when the {pace paffed over is equal to that by which 
the velocity is meafured ; and fo the quantity of force 
will be proportional to the mafs multiplied by the 
fquare of the velocity 3 fince the fpace is meafured by 
the velocity continued for a certain time, 

To the fame year that Maupertuis communicated the 
idea of his principle, profeffor Fuler, inthe fupplement 
to his book, intitled Methodus inveniendi lineas curvas - 
maximi vel minimi proprietate gaudentes, demorittrates, 
that in the trajeCtories which bodies defcribe by central 
forces, the velocity multiplied by what the foreign ma- 
thematicians call the element of the curve, always 
makes a minimum: which Maupertuis confidered as 
an application of his principle to the motion of the 
planets, ‘ 

Tt appears from Maupertuis’s Memoir of 1744, that 
it was his refle€tions on the laws of refra€tions, that led 
him to the theorem above mentioned. The principle 
which Fermat, and after him Leibnitz, made ufe of, 
in accounting for the laws of refraction, is fufficientl 
known. Thofe mathematicians pretended, that a par- 
ticle of light, in its paffage from one point to another, 
through two mediums, in each of which it moves with 
a different velocity, muft do it in the fhorteft time pof- 
fible: and from this principle they have demonftrated 
geometrically, that the particle cannot go from the one 
point to the other ina right line ; but being arvived at 
the furface that feparates the two mediums, it mult 
alter its direGtion in fuch a manner, that the fine of 
its incidence fhall be to the fine of its refraCtion, as 
its velocity in the firft medium is te its velocity in 
the fecond: whence they deduced the well known law 
of the conttant ratio of thofe fines. . 

This explanation, though very ingenious, is liable 
to this prefling difficulty, namely, that the particle 
muft approach towards the perpendicular, in that me- 
dium where its velocity is the leaft, and which confe- 
quently refifts it the moft: which feems contrary to 
all the mechanical explanations of the refraction of 
bodies, that have hitherto been advanced, and of the 
refraction of light in particular. 

S'r Ifaac Newton’s way of accounting for it, is the 
mof fatistaGory_ of any that has hitherto been offered, 
and gives a clear reafon for the. conftant ratio of the 
fines, by aferibing the refra&ion to the attractive force 
of the mediums ; from which it follows, that the denfett 
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mediams,. whofe attra@tion is the flrongeft, fhould 
edufe the ray to approach the perpendicular 5 a fact 
confirmed by experiment. But the attraction of the 
inedium could not caufe the ray to approach towards 
the perpendicular, without increafing its velocity ; a8 
may.eafily be demonftrated: Thus then, according to 
Newton, the refraction muft be towards the perpen- 
dicular, when the velocity -is increafed: contrary to 
the law of Fermat and Leibnitz. 

Maupertuis has attempted to reconcile Newton’s 
explanation with metaphyfical principles. Inftead of 
foppofing, as the aforefaid gentlemen do, that a par- 
ticle of light proceeds from one point to another in 
the fhortefl time poffible ; he contends that a particle 
Of light paffes from one point to another in fuch a 
manner, that the quantity of a@tion fhall be the leaf 
pofible. This quantity of action, fays he, is a réal 
expence, in which nature is always frugal. In virtue 
6f this philofophical principle he difcovers, that not 
only the fines are in a conttant ratio, but alfo that they 
are in the inverfe ratio of the velocities, according to 
Newton’s explanation, and not in the dire ratio, as 
had been pretended by Fermat and Leibnitz. 

tt is remarkable that, of the many philofophers who 

_ have written on refraétion, none fhould have fallen 
upon fo fimple a manner. of reconciling metaphyfics 
ivith mechanics; fince no more is neceffary to that, 
than making a {mall alteration in the calculus founded 
upon Fermat’s principle. Now according to that 
principle, the time, that.is, the fpace divided, by the 
yelocity, fhould be a Jainimum ; fo that calling the 
{pace run through in the firft medium S, with the 
velocity V, and the fpace run through in the fecond 


medium s, with the velocity v, we fhall have & +: 


& . 


: aes ° 4 
= aminimums thatisto fay, 5 + Tor GS~ 


s ada : hens 
= Now it is eafy to perceive, that the fines of inci- 


dence and refraétion are to each other, as S to—s5 
whence it follows, that thofe fines are in the dire 
ratio of the velocities V, v3; which is exa@ly_what 
Férmat makes it to be. But in order to have thofe 
‘fines to be in the inverfe ratio. of ‘the velocities, it is 
only fuppofing VS + vs = 05 which gives SV + 
svorS X Vs x vaminimum: which is Mauper- 
‘tuis’s principle. 
In the Memoirs of the Academy of Berlin, above 
‘cited, may be feen all the other applications which 
_ Maupertuis has made of this principle. And whatever 
“may be determined as to his metaphyfical bafis of it, as 
alfo to the idea he has annexed to the quantity of ac- 
ction, it will fill hold good, that the product of the 
fpace by the velocity 1s a minimum m fome of the 
moft general laws of nature. Bai eee. 
‘ACTIVE, the quality of an agent. or of communi- 
‘eating motion or aétion to fome body. In this fenfe 
‘the word ftands oppofed to paffive: thus we fay an 
‘attive caufe, active principle, &c. 
~"Siv-Tfaas Newton fhews that the quantity of motion 
inthe world muft be always decreafing, in_ confequénce 
saftthe wis inertiz, &c. So that there is a necedlity for 
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certain aétive principles to recruit it: fuch he takes the 


“caufe of gravity to be; afd the caufe of fermentation ¢ 


adding, that we fee but little motion in the univerfe, 
except what is owing to thefe active principles. 

ACTIVITY, the virtue or faculty of ading. As 
the a@tivity of an acid, a poifon, &c: the a€iwity of 
fire exceeds all imagination. 

According to Sir Haac Newton, bodies derive their 
adtivity from the principle of attraction 

Sphere of Activity, is the fpace which furrounds 
a body, as far as its efficacy or virtue extends to: pro- 
duce any fenfible effe&t. Thus we fay, the {phere of 
attivity of a loadftone, of an eleGiric body, &e. 

ACURENE, in Affronony, the Arabic name of a 
fiar of the fourth magnitude, in the fouthern claw of 
Cancer, marked « by. Bayer. Its longitude for 1761, 

10° 187 9M, fouth latitude 5° 5’ 56%. 

ACUTE, or fharp; a term oppofed to obtufe, 
Thus, Acute Angle, in Geometry, is that which is lefa 
than a right angle ; and is meafured by lefs than 90%, 
or trl than a quadrant of a circle. As the angle 
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Acure angled Triangle, is that whofe three angles 
are all acute; and is otherwife called an oxygenous 
triangle. As the triangle DEF. 
. Acute-angled Gone, is that whofe oppofite fides 
make an acute angle at the vertex, or whofe axis, ina 
right cone, makes Jefe than half a right angle with the 
fide. AstheconeGHI. | : 
Pappus, in his Mathematical ColleCtions, fays, thie 
name was given to fuch a cone by Euclid and the an- 
cients, before the time of Apollonius. And they 
called an 
Acute-angked Settion of a Cone, an Ellipfis,. which: 
was made by'a plane cutting both fides of an acute- 
angled cone: not knowing that fuch a fection could 
be generated from any cone whatever, till it was fhewn 
by Apollonius. : 5 
Acute, in Mufic, is underftood of a tone, or found, 
which is high, fharp, or thrill, in refpe&t of fome other: 
in which fenfe the word ftands oppofed to grave. And 
both thefe founds are independent of loudnefs or force: 


“fo that the tore may be acute or high, without being 


Youd; and foud wit 
both the affeCtions of acute and grave, 


ut being high or acute. For 
depend intirely 


‘onthe quicknefs or flownels of the vibrations by which 


they are produced. os 
Sounds confidered as grave and acute, that is, in the 
relation of gravity and acutenefs, conttitute what is 
called tune, the foundation of all harmoay. 
ADAGIO, in Mujfe, one of the terms ufed by the 


‘Italians to éxprefs a degree or dittinGion of time. 


Adagio denotes the flowek time-except grave. 
Sometimes the word is repeated, as adagio, adagia, 
to denote a ftill flower time than the former. 
Adagio 
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Adagio alfo fignifies a flow movement, when ufed- 
fubftantively. . 

ADAMAS, in Afrology, a name given to the moon. 

‘ADAR, in the Hebrew Chronology, is the 6th month 
of their civil year, but the 12th of their ecclefiattical , 

ear. It cofitains only 29 days; and it anfwers to our 
‘February ; but fometimes entering into the month of 
March, according to the courfe of the moon. © 

ADDITION, the uniting of joining of two or more 
things together; or the finding of one quantity equal 
to two or more others taken together. 

Appition, in Arithmetic, is the firft of the four fun- 
damental rules or operations of that fcience; and it 
confifts in finding a number equal to feveral others 
taken together, or in finding the moft fimple expreffion 
‘of a number according to the eltablifhed notation, The 
sents fo found equal to feveral others taken toge- 
ther, is named their fum. 

The fign or character of addition is -, and is called 
‘plus, This character is fet between the quantities to 
be added, to denote their fum: thus, 3 + 6 = Q, that 
is, 3 plus 6 are equal to g; and 2 + 4 +6 12, 
that is, 2 plus 4 plus 6 are equal to 12. 


Simple numbers are either added as above s 6 
or elfe by placing them under one another, a3 4 
inthe margin, and adding them together, one ‘2 
after another, beginning at the bottom: thus 2 0 ~~ 
‘and 4 make 6, and 6 make 12. 12 


‘Compound numbers, or numbers confifting of more 
figures than one, are added, by’firft ranging the num- 
‘bers in columns under each other, placing always the 
numbers of the fame denomination under each other, 
that is, units under units, tens under tens, and fo on; 
and then adding up each column feparately, beginning 
“at the right hand, fetting down the fum of each column 

‘below it, unlefs it amount to ten or fome number of 
tens, and in that cafe fetting down only the overplus, 
and carrying one for each ten to the next column.. 


Thus, to add 451 and 326, 











451] « [400+ 50 +t 
ae that is ee +2046 

Sum 777, = joo + 70 +7 

—_— cowiewinincnene 

- -Alfe to add the numbers 329 ++ 1562 329 
+ 20347 + 712048; fet them down 24 1562 
in the margin, and beginning at the lowelt 20347 
number on the tight ‘hand, fay Sand 7 312048 
make 15, artd 2 make 17, and 9 make - 
26; fet down'6, and carry 2 t the next 734286 
column, faying 2 and 4 make 6, and 4 _ 
make 10, and 6 make 16, and 2 make 26 
¥8; fet down’8, and carry 1, faying t and 16 
3.make 4, and 5 take 9, and 3 make 125 a 
“ft down 2; and -catry'1, faying 1 and 2 3. 
make 3, and 1 make 4, which fet down; 3 
then 1 and 2 make 33 and 7 is 7 to fet 9 
down tefo .the fum of all together is _—_— 
734286. Or it is the fame as the fums 734286 
of ‘the columns ‘fet untler one another, as 


jn the margin, and: then .thefe added -up ‘in the fame 
“wianaer, | 


29 4 


in one column; as in this example, 
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‘When a grest number of feparate fums or numbers 
are to be added, as in long accounts, it is eafier to 
break or feparate them into twe or more parcels, which 
are added ‘up feverally, and then their fums added to- 
gether for the total fum.- And thus alfg the truth of 
the addition may be proved, by dividing the sumbers 
into parcels different ways, as the totals muft be the 
fame in both cafes when the operation is right. 

Another method of proving addition was given by 
Dr. Wallis, in his Arithmetic, publithed 1657, by caft- 
ing out the nines, which method of proof extends alfo: 
to the other rules of arithmetic. The method is this: 
add the figures of each line of numbers together fe- 
verally, caiting out always 9 from the fums as they 
arife in fo adding, adding the overplus to the next 
figure, and fetting at the end of each line what is over, 
the nine or nines; then do the fame by the {Tum-toral, 
as alfo by the former exceffes of g, fo hall the lait ex-- 
cefles be equal when the work is right. So the former 
example will be proved as below : 





329] > 5» 
1562 | 2 5. 
20347 (9 7 
712048 |B 4 
2— 
734286 | Ha3 
ee * 


When the numbers are of different denominations ; 
as pounds, ‘thillings, and pence; or yards, feet, and 
inches ; place the numbers of the fame kind’ under one 
another, a6-pence under pence, fhillings under fhillings, 
&c; then add each column feparately, and carry the 
overplus as before, from one column to another, As 
in the following examples : 





Row 4@ ” Mards. Feet. Inches. 
27t iz 3 27f 10 3 
4 mH 7, 36 2 7 
42 «5 «+10 14 2 %§ 
————: —— aed 
408. 12 8 fums. 323, 0 3 





Avptirion of Decimals, is performed in the fame 
manner as-that of whole numbers, placing the numbers 
of the fame denomination. under each other, in which 
cafe the decimal feparating points will range Craight , 

i to add together 
thefe numbers.371°0496 + 25°213 + 1°704 + 92461 
70962. 
378°0496 
25°213 
1+704 
9246 
10962 


<The fum 1322°6728 





Apoition of Vulgar Frafions, is performed by 
pinging all the propofed fraGtions to a common deno- 
‘minator, if hey have’ different ones, which is an indif> 
penfable preparation ; then adding all the numerators 
2 together, 


ange td oe Todos a2 
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together, and placing their fum over the common de- - 


iominator for the fum total required. 


So4 + } = }- And} +342 =$=11- 
Andi-ee34+¢= 5512 . 
Andi +}offeSte= te far 
Andiof it iof sei tae t ize 
$= 3b 


ADDITION in Algebra, or the addition of inde- 


terminate quantities, denoted by letters of the alphabet, 
.is performed by connecting the quantities together by 


their proper figns, and uniting or reducing fuch as are 
fulceptible of it, namely fimilar quantities, by adding 
their co-efficients together if the figns are the fame, but 
fubtra¢ting them when different. Thus the quantity 


g added tothe quantity 4, makes a + 3; anda joined 


_with—b, makes a—b; alfo—a and--$ make—a—0; 


and 3a and 5a make 3a + $a Or 8a, by uniting 


ithe fimilar numbers 3 and 5 to make-8, 


Thus alfo. ga + abe— gab + 63 
added to 2a — 2be + 3a7b 4 268 








makes - 5a 0 = @h + 30 


——— ee 





Alf 4 44 B=, 
3c ge ge CS 


and 3,/ae + 54/ac — Vie/ae = Oh efacs 
aad agac + byfac = a+b sfac or (a+b) Jaci 


and sana + fem = 12,fa—a} 
cand 64/3 + 43-23 = 8/35 we 





a+x ate a+a' 
Bafax , W6efax _ Ba + 6c fax —_ 
and op 270 a2 a+ 2c =8 of ars 
and ~ 2 — gax Sax 4ax 


ae ae ae 
and — afa—bifx = — (4+ bf x3 
and +-3—2=1;and—-3 425-15 


1a A gd) 
Sel er pe ae OTS 





In the addition of furd or irrational quantities, they 
muft-be reduced to the fame denomination, or to the 
fame radical, if that can be done; then add or unite 
the ‘rational parts, and fubjoin the common furd. 
Otherwife conneé them with their own figns. 


So JS + fib = fexX? box 2 = 272 


tah = 52 = 4/505 


and ft2 + JIT V4 X34 o/9 X3= 273 
e373 = 5/3 = 755 
and 4/504 f75 = 4/25 XK 2 + of25 K B52 


50/3 = (6/2 + V3) 5 ; 
but of 4/5 and ,/6 the fum is fetalown 4/5 + /O 
becaufe the terms are incommenfurable, and not zedu- 
cible to a common furd. 


Anpition of Logarithms. See Logarithms. 
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ADDITION of Ratios, “the fame as compofitios of 
ratios ; which fee. 

ADDITIVE, denotes fomething to be added to 
another, in contradiftin@ion to fomething to be taken 


_away orfubtra&ted, So aflronomers {peak of additive 


equations, and geometricians of additive ratios. 

_ADELARD, or Aruenarn, was a learned monk 
of Bath, in England, who flourifhed about the year 
1130, as appears by fome manufcripts of his in Corpus 
Chrifti, and Trinity Collegea, Oxford. Volfiius fays he 
was univerfally learned in all the fciences of his time 3 
and that, to acquire all forts of knowledge, he tra’ d 
into France, Germany, Italy, Spain, Eyypt, and Ara- 
bias He wrote many books himfelf, and tranflated 
others from differeat languages: thas, he tranflated, 
from Arabic into Latin, Euclid’s Elements; at a time 
before any Greek copics had been difcovered 5 alfo 
Erichiafarim, upon the feven planets. He wrote a 
book on the feven liberal arts, another.on the afhiolebe, 
another on the caufes of natural compofitioas, belides 
feveral on phyfics aud on medicine. 

Alchough Voffins refers to Oxford for fome of theft 
manuferipts, it would yet feem they were not to be 
found there in Wallis’s time j-for the Doétor, {peaking 
cof this author, and other Englifh authors and travellers 
abont the fame age, fays, “ A particular account of 
thefe travelsof Shdley and Morley was a while fince 
to be feen in two prefaces to two manufcript books 
of theirs in the library of Corpus-Chrifti College in 
Oxford, but hath lately (by fome unknown hand) been 
cut out, and carried away ; which prefaces (one or both 
of them) did alfo make mention of the travels of Athe- 
Jardus Bathonienfis, and are, to that purpofe, cited by 
Voffius out of that manufcript copy. Whoever hat 
them, would do a kindnefs (by fome way or Other) to 
rettore them, or at leaft a copy of them.” Wallis’s 
Algebra, pa. 6. . 

ADELM, Acpurtmus, cr ALTHELMUS, a learned 
Englifhman, who flouiithed about the year 680. He 
avas firft abbot of Malmfbury, and afterward bifhop of 
Shirburn. He died in the year 709, in the monaftery 
of Malmfbury. 

Adelm was the fon of Kenred or Kenten, who was 
the brother of Ina, king of the-Weft Saxons in Eng- 
fand. Befide certain books in theology, he compeled 
feveral on the mathematical feiences &c ; as Arithmetic, 
and Aftrology, and librum de philofophorum difctplinis. 
See Bede’s Hiftory, lib. 5. cap. 19. He is alfo mention- 
ed by Bale and William of -Malmfbury. 

ADERAIMIN, or Avperaimtn, the Arabic name 
ofa ftar of the third magnitude, in the left thoulder of 
Cepheus, marked a by Bayer. Its longitude for 1761, 
¥ 9° 30! 8” north latitude 68° 56/ 20% 

“A DFECTED, fee AFFECTED. . 

ADHESION, ApuERence, in Pusfets is the ftate 
of two bodies, joined or faftened together, whether by 
mutual attra@tion, the interpofition of their own parts, 
or the impulfe or preffure of external bodies. See 
Conksione gals 

Thus two hollow hemifpheres, exhaulted of air, are 
made to adhere firmly together by the preflure of the 
atmofphere on their convex or Cisesnal furfaces 3 for 








_ if they are introduced into an exhaufted receiver, they 


prefently fall afunder. Alo two very well polifhed 
A planes 
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planes adhere firmly together, ‘partly by the external * 
preffure of the atmofphere, and partly by the attraction + 


of their parts. 
In No. 389 of the Philof. Tranf. Dr. Defaguliers 


has given experiments of the adhefion of leaden bullets - 


to each other: the caufe of which he refolves into th 
principle of attraétion. . : 

M. Mulflchenbroeck, in his Effai de Phyfique, has 
given a great many remarks on the adhefion of bodies, 
and relates various experiments’ which he had made 
upon this matter, but chiefly relative to the refiftance 
made by bodies to fracture, in virtue of the adhefion of 
their parts; which adhefion he afcribes principally to 
their mutual attra€tion. Common experiments prove 
the mutual adhefion of the parts of water to each other, 
as well as to the bodies they touch. The fame may be 
faid of the particles of air, on which M. Petit has a 
memoir among thofe of the Paris Academy of Sciences 
for the year 1731. 

Some authors however are not willing to admit that 
the adhefion of the parts of water, or indeed of bodies 
in general, is to be attributed to the attraction of their 
parts, and they reafon thns: fuppofe, fay they, that 
attraction aéts at arty {mall diftance, as for example to 
the diftance of one-tenth of an inch, from a particle of 
water: and about this particle deforibe a circle whofe 
radius is one-tenth of an inch: then the particle of 
water will be attra€ted only by the particles included 
within the circle ; but as thefe particles a€t ia contrary 
dire&tions, their mutual effeAs muff deftroy one another, 
and there can be no attraction of the‘particle, finoe itt 
will have no more tendency ome way than another. 

ADHIL, in Afronomy, a flar, of the fixth mag- 
nitude, upon the garment’ of Andromeda, under the 
Jeft ftar in her foot. 

ADJACENT, whatever lies immediately by the fide 
of another, 

Apyacenr Angle, in Geometry, is faid of an angle 
when it is immediately contiguous to another, fo that 
they fiave both one common fide. And the term is 
more particularly ufed when the two angles have not 
only one common fide, but alfo when the other two 
fides form one continued right line. 

Anyacenr bodies, in Phyfics, are underftood of thofe 
that are near, or next to, fome other body. 

ADJUTAGE, or rather AJUTAGE; which fee. 

ADSCRIPTS, in Trigonometry, is ufed by fome 
mathematicians, for the tangents of arcs,  Vieta calls 
them alfo profines. 

ADVANCE-Fossz, in Fortification, a ditch thrown 
round the efplanade or glacis of a place, to prevent its 
being furprifed by the befiegers, 

The ditch fometimes made in that part of the lines 
or retrenchments neareft the enemy, to prevent him 
from attacking them, is alfo called the advance-foffe. 

The advance-foffe fhould always be full of water, 
otherwife it will ferve to cover the enemy from the fire 
of the place, if he fhould become mafler of the foffe. 
Beyond the advance-foffe it is ufual to conftru& hu. 
Nnettes, redouts, &c. 

ADVENT, Adventus, in the Calendar, the time im- 
mediately preceding Chriftmas; and was anciently em- 
ployed in pious preparation for the adventus, or coming 
on, of thé feaft of the Nativity. 
q 7 Py 
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Advent includes four Sundays, or weeks; come 
mencing either with the Sunday which falls on 
St. Andrew’s day, namely the 30th day of November, 
or the neareft Sunday to that day, either before or 
after. * 

EOLIPILE, ofpile, in Hydraulics, a hollow ball 
of metal, with a very fmall hole or opening; chiefly 
ufed to thew the convertibility of water imto eluftic 
fteam, The belt way of fitting up this inftrument, is 
with a very lender neck of pipe, to ferew on and off, 
for the convenience of introducing the water into the 
inde; for by unfcrewing the pipe, and immerging 
the ball in water, it readily fills, the hole being pretty 
large ; and,then the pipe is fcrewed on. But if the 
pipe do not {crew off, its orifice is too {mall to force its: 
way in againft the included air; and therefore to expel 
mott of the air, the ball is heated red hot, and f{nddenly 
plunged with its orifice into water, which will then 
rufh in till the ball is about two-thirds filled with the 
water. ‘The water having been introduced, the ball is 
fet upon the fire, which gradually heats the contained 
water, and converts it into elaftie fteam, which ruthes» 
out by the pipe with great violence and noife; and thua- 
continues till all the water is fo difcharged ;: though 
not with a conftant and uniform blaft, but by fits: 
and the ftronger the fire is, the more elaftic will the 
fteam be, and the force of the blaft.. Care fhould be 
taken that the ball be not fet upon a violent fire with: 
very little water init; and that the {mall pipe be not: 
flopped with any thing; for in fuch cafe, the ineluded - 
elattic fteam wilt fuddenty-burft the ball with a very: 
dangerous explofion. 

This inftrument was knewn’ to the ancients, bein 
mentioned by Vitruvius, lib. 1. cap. 6. It is’ allo’ 
treated of, or mentioned, by feveral. modern authors, 
as Defcartes, in his Meteor. cap. 4; and Father Mer~ 
fennus, in prop. 29 Phadom. Pneumat, ufes it to weigh : 
the air, by firlt weighing the inftrument when red hot, 
and having no water in it; and afterwards weighing. 
the fame whei it becomes cold, But the conclufion 
gained by this means, cannot be quite accurate, as 
there is fuppofed to be no air in the bell when it is 
red hot; whereas it is fhewn by Varenius, in his 
Geography, cap. 19, feGt. 6, prop. 10, that the air ia 
rarefied but about 70 times; and confequently the 
weight obtained by the above procefs, will be about 
one-7oth too fmall, or more or lefs according to the 
mtenfity of the beat. 

In Italy it is faid that the Aolipile is often uled to 
cure fmoaky chimneys: for being hung over the tire, 
the blaft arifing from it carries’ up the loitering fmoke 
along with it. ; 

And fome have imagined that the zolipile might 
be employed as bellows to blow up a fire, having the 
blalt from the pipe direéted into the fire; but exper 
rience would foon convince them of their miftake ; for - 
it would rather blow the fire out than up, as it is not 
air, but rarefied water, that is thus violently blown 
through the pipe, 

FEOLUS, in Mechanics, a fmall portable machine, 
not long fince invented by Mr. Tidd, for refreshing 
and changing the air in rooms which are made too 
clofe. 

‘The machine is adapted to fupply the place of a 


Square 
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‘Tquare of giafe in a fath-window, whore it works with 
little or no noife, on the principle 
or a fmoke-jack ; and thus admitting an agreeable 
quantity of air, at a convenient part of the room. 
Fovus's Harp, or Holian Harp, an inftrument fo 
named, from its producing an agreeable meledy, merely 
by the aétion of the wind. ¢ 
_ Neither the age nor inventor of this infirument are 
very well known. 1t.is not mentioned by Merfennus 
ja his Harmonics, where he defcribes moft forts of 
mofical inftruments: and yet the defcription and ufe of 
it was given foon after, by Kircher, in his book, Magia 
Phenotactica & Phonurgia. 
The conftruction of this inftrament js thus; let a 
box be made of as thin deal as poffible, its length an- 
{wering exadlly to the width of the window in which it 
is to be placed; five or fix inches deep, and feven or 
eight inches wide. Acrofs the tap, and near each 
end, glue on a: bit of wainfcot, about half an inch 
high, and a quarter of an inch ‘thick, to ferve as two 
bridges for the firings to be ftretched over, by means 
“of -pins inferted into holes a little behind the bridges, 
neater the ends, half the number being at one end, and 
half at the other end: thefe pins are like thofe of a 
harpfichord ; and for their better fuppost in the thin 
deal, a piece of beech of about an inch fquare, and 
length equal to the breadth of the box, is glewed on 
the infide of the lid, immediately under the place of 
the pins, the holes for receiving them being bored 
through this piece. It is ftrung with {mall catgut, 
or blue firt fiddle ftrings, more or lefs at pleafure, on 
~ the outfide and Jengthways of the lid, fixing one end 
to one of the mall pins, and twifting the other end 
about. the oppofite or ftretching pin. A couple of 
found-holes are cut ‘+ the lid; and the thinner this is, 
the better will! ae performance, 

‘When the ' rings are tuned unifon, and the inftru- 
ment placed, with the top or ftringed fide outwards, in 
the window to which it is fitted, the air blowing upon 
that window, the inftrument will give a feund like a 
diftant choir, increafing or decrealing according to the 
ftrength of the wind. 

ZARA, in Chronology, is the fame as epoch, or 
epocka, and means a fixed point of time, from which 
to begin a computation of the years enfuing. 

The word is fometimes alfo written cra in ancient 
authors _.Its origin is contefted, though it is generally 
fuppofed that it_had its rife in Spain. Some imagine 
that it is formed from @. er. a. the abbreviations of the 
words, annus erat Augufti, or from a. er. a, the initials 
of the words annus erat regni Augn/fti, becaufe the 
Spaniards began their computation from the time that 
their country.came under the dominion of Auguftus. 
Others derive it from es, draft, the tribute money with 
which Auguftus taxed the world. It is alfo faid that 
‘ara originally fignified a number ftamped on money to 
determine ita cursent value, And that the ancients 
ufed es or era.as an article, as we do the word ztem, to 
each particular of an account 5 and hence it came to 
ftand for a fum or number itfelf, : 

Ena alfo means the way or mode of accounting 
time. Thus we fay fuch a year of the Chriftian 
wera, &c. 


Spanifh ZExa, otherwife called the year of Czfar, 
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AER 
Jwas introduced after the fecond divifion of the Roman. 
‘ provinces, between Auguftus, Anthony, and Lepidus, 
in the 714th year of Rome, the 4676th year of the 
Julian period, and the 38th year before Chait. In the 
447th year of thie era, the Alani, the Vandale, Suevi, 
&c, entered Spain. It is frequently mentioned in the 
Spanith affairs; their councils, and other public atts,” 
being all dated according to it. Some fay it was abo- 
lithed under Peter IV, king of Arragon, in the year of 
Chrift 1358, and the Chriltian ara intraduced inftead 
of it. But Mariana obferves that it ceafed in the 
year of Chrift 1583, under John 1, king of Cattile. 
The like was afterwards done in Portugal, 

Chrifian ina. It is generally allowed by Chrono- 
logers, that the computation’ of time from the bith 
of Chrift, was only introduced in the fixth century 
in the reign of Juftinian; and it is commonly af- 
cribed to Dionyfius Exiguus, This ara came then 
into ufe in deeds, and fuch like; before which time 
either the olympiads, the year of Rome, or that of the 
reign of the emperors, was ufed for fuch purpofes. 

See an accouut of the other principal wras under the 
word Epoch. e 

AERIAL Perfpedlive, is that which reprefents bo- 
dies diminithed and weakened, in proportion to their 
diftance from the eye. 

Atrial Perfpeftive chiefly refpects the colours of 
objeéis, whofe force and luitre it diminifhes more or 
lefs, to make them appear as if mare or lefa remote. 

It is founded upon this, that the longer the column 
of air an objeét is {cen through, the more feebly do the 
vifual rays emitted from it affect the eye. 

AEROGRAPHY, a defcription of the air, or ate 
mofphere, its limits, dimenfions, properties, &c. 

AEROLOGY, the doctrine or {cience of the air, 
and its phenomena, its properties, good and bad qua- 
lities, &ce It is much the fame with the foregoing 
word, Aerography. : : : 

AEROMETRY, erometria, the {cience of mea- 
furing the air, its powers and properties 5 compretiend- 
ing not only the quantity of the air itfelf, as a fluid 
body, but alfo its preffure or weight, its elallicity, rare~ 
fa€tion, condenfation, Kc. 

‘The term is ot much ufed at prefent 5 this branch 
of natural philofophy being ufually called pneumatics, 
which fee. Wolfius, late profeffor of mathematics at 
Hall, having reduced feveral properties of the air to 
geometrical demonftrations, firft publifhed at Leipfic his 
‘Elements of Acrometry, in the German language, 
and afterwards more enlarged in Latin, which have 
fince been inferted in his Curfus Mathematicus, in five 
volumes in gto. * 

AERONAUTICA, the pretended art_of failing 
through the air, or atmofphere, in a.velfel, fuftained as 
a fhip in the fea. 

AEROSTATICA, is properly the doétrine of the 
weight, preffure, ‘and balance of the air and atmo- 
fphere. 

x AEROSTATION, in its proper and primary fenfe, 
denotes the feience of weights fulpended in’ the air 5 
but in the modern application of the term, ‘it fignifies 
the art of navigating or floating in the-air, both as to 
the practice and principles-of it. Hence alfo the ma- 
chines whiah are employed for this purpofe, are called 
acroflats, 
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strofiats, or aeroflatic machines ; and which, on account 
of their round arid bell-like fhape, are otherwife called 
air balloons. Alfo aeronaut is the name given to the 
pe who navigates or flcats in the air by means of 
uch machines. : 

Principles of Annostation. The fundamental prin- 
Giples of this art have been long and generally known, 
as well as {peculations on the theory of it; but the 
fuccefsful application of them to practice feems to be 
altogether a modern difcovery. Thefe principles chiefly 
refpeG& the weight or preffure, and elafticity of the air, 
with ité {pecific gravity, and that of the other bodies to 
be raifed or floated in it: the particular detail of which 
principles may be feen under the refpedtive words in 
this dictionary, Suffice it therefore in this place to 
obferve, that any body which is fpecifically, or bulk for 
bulk, lighter than the atmofphere, or air encompaffing 
the earth, will be buoyed up by it, and afcend, like as 
wood, or a cork, or a blown bladder, afcends in water. 
And thus the body would continue to afcend to the 


.topof the atmofphere, if the air were every where of 


the fame denfity as at the furface of the earth, But as 
the air is compreffible and elattic, its denfity decreafes 
continually in afcending, on account of the diminithed 
preflure of the fuperincumbent, air, at the higher ele~ 
vations above the earth; and therefore the body will 
afcend only to fuch height where the air is of the fame 
specific gravity with itfelf; where the body will float, 
and move along with the wind or current of air, which 
it may meet with at that height. This body then is 
an aeroftatic machine, of whatever form or nature it 
may be. And an air-balloon is a body of this kind, 
the whole mafs of which, incliding its covermg and 
contents, and the weights annexed to’ it, is’ of lcfe 
weight than the fame bulk of air in which it rifes. 

We know of no folid bodies however that are light 
enough thus to afcend and float in the atmofphere ; and 
cherctare secourfe muft be had to fome fluid dr acriform 
fubftance. 

Among thefe, that which is called inflammable air 
is the moft proper of any that have hitherto been dif 
covered, It is very elaftic, and from fix to. ten or 
eleven times lighter than common atmofpheric air at 
the furface of the earth, according to the different 
methods of preparing it. _ If therefore a fufficient quan- 
tity of this kind of air be inclofed in any thin bag or 
covering, the weight of the two together will be lefs 
than the weight-of the fame bulk of common air; 
and canfequently this compound mafe will rife in the 
atmofphere, and continue to afcend till it ‘attain a height 
at which the atmofphere is of the fame {pecific gravity 
asitfelf; where it will remain or float with the current 
of air, as long as the inflammable air does not efcape 
through the pores of its covering, And this is an in- 
flammable air-balloon. 

Aoother way isto make ufe of common air, render- 
ed lighter by warming it, inftead of the inflammable 
air. Heat, it is well known, rarefies and expands 
common air, and confequently leffens its fpecific gra- 
vity; and the diminution of ‘ite weight is proportional 
to the heat applied. If therefore the air, inclofed in 
any kind ef a bag or covering, be heated, and confe- 
quently dilated, to fuch a depree, that the excefs of 
the weight of an equal bulk of common air, above the 
~ Vou. 
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weight of the heated air, be greater than the weight 
‘of the covering and its appendages, the whole com~ 
“pound mais will afcend in the atmofphere, till, by the 
diminifhed dentity of the furrounding air, the whole 
become of the fame {pecific gravity with the air in 
which it floats ; where it will remain, till, by the cool- 
ing and condenfation of the included air, it thall gra- 
dually contract and defcend again, unlefs the heat is 
renewed or kept up. And fuch is a heated air-balloony 
otherwife called a Montgolfier, from its inventor. 

Now it has been difcovered, by various’ experiments, 
that one degree of heat, according to the feale of , 
Fahrenheit’s thermometer, expands the air about one 
five-hundredth part ; and therefore that it will require 
about 500 degrees, or nearer 484 degrees of heat, to ex- 
pand the air to juft double its bulk, Which is a de- 
gree of heat far above what it is praGticable to give it 
on fuch occations, And therefore, in this refpeét, com- 
mon air heated, ia much inferior to inflammable air,’ 
in point of levity and ufefulnefs for aeroftatic machines. 

Upon fuch principles then depends the conftrudtion 
of the two forts of air-balloons. But before treating 
of this branch more particularly, it will be proper te 
give a thort hiftorical account of this late-difcovered 
art. n 

Hiftory of Aznosvation, Various fchemes for 
rifing in the air, anid paffing through it, have been de- 
wifed and attempted, Poth by the ancients and moderns, 
and that upon different principles, and with yarious 
fuccefs, OF thefe, fome attempts have been upon 
mechanical principles, or by: virtue of the powers of: 
mechanifm ; and fuch are conceived to be the inftancas 
related of the flying pigeon made by Archytas, the’ 
flying eagle and fly by Regiomontanus, and various 
others. Again, other projects have been formed for: 
attaching wings to fome part of the body, which were: 
to be moved either by the hands or feet, by the help of 
mechanical powers; fo that ftriking the Sir with them, 
after the manner of the wings of a bird, the perfon 
might raife:himfelf in the air, and tranfport himfelf 
through it, in imitation of that animal. But-of thefe 
and various other devices of the like nature,'a particular: 
account will be given under the article artificial flying, 
as belonging rather to that {pecies or principle of imo~- 
tion, than to our prefent fubjeét of aeroftation, which 
ia properly the failing or floating in the air by-means: 
of a machine rendered fpecifically lighter than that. 
element, in imitation of ‘aqueous navigation, or the: 
failing upon the water in a fhip, or veffel, which ix 
fpecifically lighter than the water. ” 

The firit rational account that we have upon record,’ 
for this fort of failing, is perhaps that of our countrys 
man Roger Bacon, who died in the year 1292: He 
not only affirms that the art.is feafible, but affures ug 
that he himfelf knew how to make an engine, in which 
a man fitting might be able to carry himfelf through-the 

-air like a birds and he farther affirms that there: wap 
another perfon who hdd:triéd it with fucccfe, - And 
the fecret it feems confifted in a couple’ of Jarre: thin 
thells, or hollow globes; of copper, ext 2d of airy 
fo that the whole beig-thus rendered lig than alr, 
they would fupport’a chair, on which a perfon might 
fit... : See : Ea 
- Bifhop Wilkins too, who died im 1672, in sia 
2 ‘ o 
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of his -worke, makes mention of fimilar idéas being 
entertained by divers perfons. ‘ It is a pretty notion 
to. this purpofe, fays he (in his Dilcovery of a New 
‘World, prop. 14), mentioned. by Albertus de Saxonia, 
and out of him by Francis Mendoza, that the air is 
in fome part of it ‘navigable. 
ftatick principle, any brafe or ivon’ veffel_ (feppofe a 
kettle), whofe fubftance is much heavier than that of 
the water ; yet being filled with the lighter air, it will 
{wim ypon it, and not fink’? And again, in his De- 
dalus, chap. 6, “ Scaliger conceives the framing of 
fach volant automata to be very eafy. Volawtis co- 
lumbe machinulam, cujus autorem Archytam tradunt, vel 
facillime profiteri audeo. "Thole ancient motions were 
thought to be contrived by the force of fome included 
air: $0 Gellius, Ita erat feilicet ibramentis fufpenfum, toe 
aura fpiritus inclufa, atque occulta confitum, Fc. As if 
there had been fonte lamp, or other fire within it, 
which might produce fuch a forcible rarefaétion, as 
fhould give a motion to the whole frame.” From which 
it would feem that Bifhop Wilkins had fome confufed 
notion of fuch a thing as a heated air-balloon. 

Again F, Francifco Lana, in his Prodroma,. printed 
in 1670, propofes the fame method with that of Roger 
Bacon, as his own thought. 

He confidered that a hollow veffel, exhaufted ef 
air, would weigh lefs than when filled with that fluid 5 
he alfo pa that, as the capacity of {pherical veffels 
increafes much falter than their furface, if there were 
two f{pherical veflels, of which the diameter of one is 
double the diameter of the other; then the capacity 
of the former will be equal to $ times the capacity of 
“the latter, but the furface of that only equal to 4 times 
the furface of this: and the one {phere bave ite diame- 
ter equal to triple the diameter of the-other ; then the 
capacity of the greater will be equal to 27 times the 
capacity of the lefe, while its furface is only 9 times 
greater: and {o on, the capacities increafing as the 
cubes of the diameters, while the furfaces increafe only 
as the fquares of the fame diameters. And from this 
mathematical principle, father Lana deduces, that it is 
poflible to make a {pherical veffel of any given matter, 
and thicknefs, and of fuch a fize as, when emptied of 
air, it will be lighter than an equal bulk of that air, 
and confequently that it will alcend in that element, 
together with fome additional weight attached to ite 
Aber ftating thefe principles, father Lana computes 
that a round veffel of plate brafs, 14 feet in diameter, 
weighing 3 ounces the fquare foot, will only weigh 1848 
ounces ; whereas a quantity of air of the fame bulk will 
weigh 21553 ounces, allowing only one ounce to the 
cubic foot ; fo thatthe globe will not only be fuftained 
in the air, but will alfo carry up a weight of 3075 
ounces: aud by increafing the bulk, of the globe, 
without increafing the thicknefs of the metal, he adds, 
a veffel might be made to carry a much greater weight. 

Such then were the ingenious fpeculations of learned 
men, and the gradual approaches towards this art. But 
one thing more was yet wanting : although acquainted 
in fome degree with the weight of any quantity of 
air, confidered as a detached fabftance, it feems they 
were not aware of its great elaficity, and the univerfal 
preffure of the atmofphere 5 by which preffure, a globe 
of the dimenfions above-defcribed, and exhautted of its 
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And that upon this © 
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, air, would immediately be crufhed inwards, for want 

© of the equivalent internal counter preffure, to be fought” 

© for in fome element, much lighter than coramon airy, 
and yet nearly of equal. preflure or elafticity with it; a 
property or circumitance attending common air when 
coniiderably heated. It is evident then that the 
{chemes of ingenious men hitherto muft have termi- 
igated in mere {peculation ; otherwife they could never 
have recorded fchemes, which, on the firlt attempt to 

pat in practice, mult have manifeited their own infuffi- 
ciency, by an immediate failure of fuccefs: For inftead 
of exhautting the veffel of air, it mutt either be ‘filled 
with common air heated, or with fome other equally 
elaftic and lighter air. So that upon the whole it ap- 
pears, that the art of traverfing the air, is an invention 
of our own time ; and the whole hiftory of it is com- 
prehended within a very thort period. 

The rarefaction and expanfion of air by heat, isa 
property of i: that has long been known, not only to 
philofophers, but even to the vulgar: by this means it 
is, that the {moke is continually carried up our chim-’ 
neys; and the effect. of heat upon air, 1s made very 
fenfible by bringing a bladder, only partly full of air, 
near a fire; when the air prefently expands with the 
heat, and diftends the bladder fo as almoft to burlt its 
and fo well are the common people acquainted with 
this effet, that it is the common practice of thofe who 
kick blown bladders about for foot-balls, to bring them 
from time to time to the fire, to reftore the {pring of 
the air, and diftenGon of the ball, loft by the continual 
wafte of that Suid through the fides of it. 

But the great levity of inflammable air; is a very, 
modern difcovery. As to the inflammable property of 
this air itfelf, it had been long known to miners, and 
efpecially in coal mines, by the dreadful effets it fomes 
times produces by its explofions, Among them it is 
fometimes vulgarly called fulphur, but more proper], 
the fire damp, or inflammable damp, to diftingutfh it! 

* from the choak damp, and other damps, a fpecies of 
air fometimes found in deep wells and mines, and 
which does not explode nor take fire, but prefently 
extinguithes candles, and fuffocates the perfons who 
may happen to go into it. But it feems that it was Mr. 
Cavendith who firit difcovered with exadtnefs the fpe- 
cific gravity of inflammable air; and his experiments 
and obfervations upon it, are publifhed in the 56th 
valume of the Philofophical TranfaGions for the year 
1766. Soon after this difcovery of Mr, Cavendifh, it 

* oecurred.to the ingenious Dr. Black of Edinburgh, 
that if a bladder, or other veffel, fufficiently light and 
thin, were filled with this air, it would form altogether 
a mafs lighter than the fame bulk of atmofpheric airy 
and cpnfequently that it would afeend in it. 

Thig idea he mentioned in his chemicat letures in 
the year 1767 or 17683 and he farther propofed to 
exhibit the experiment, by filling the allantois of acalf 
with fuch air. The allantois however was not prepared 
juit at the time when he wasat that part of his lectures, 
‘and other avocations afterwards prevented his defign : 
fo that, confidering it only as an amufing experiment, 
and being fully fatisfied of the truth of fo evident an 
effe@, he contented himfelf with barely mentioning 
the experiment from time to time in his ledtures. About 
the year 1777 or 1778 too it occurred to Mr. Cavallo, 

that 
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that it might be poflible to conftrué a veffel, which, - 
when filled with inflammable air, would afcend inthe - 
* proje@ of thofe celebrated gentlemen. 


atmofphere : and there is no doubt but that fimilar ideas 
_would occur to many other perfons, of fo evident 2 
confequence of Mr. Cavendith’s difcovery. 

But it feems to have been Mr, Cavallo who firft 
actually attempted the experiment, in which however 
he fucceeded no farther than in being able to raife 
foap bubbles of two of three inches diameter: a thing 
which had been done by children for their amufement 
time immemorial. Thefe experiments Mr. Cavallo made 
in the beginning of the year 1782, and an account of 
them was read at a public meeting of the Royal Society 
Gn the zoth day, of June of that year. From which it 
appears that he tried bladders and paper of various forts. 
But the bladders, however thin they were made by 
{craping, &c, were ftill found too heavy ‘to afcend in 
the atmofphere, when fully inflated with the infilamma- 
ble air: and in vfing China paper, he found that this 
air paffed through its pores, like water through a fteve. 
And having failed of fuccefs by blowing the fame air 
into athick folution of gum, thick varnifhes, and oil 

aint, he was obliged to reft fatisfied with foap-balls or 
Bibbies, which, being filled with inflammable air, by 
dipping the end of a {mall glafs tube, connected with a 
bladder containing the air, into a thick folution of 
foap, and gently compreffing the bladder, afcended ra- 
tO the atmofphere, and broke again the ceiling 

f the room. ‘ : . 

Here however it feems the matter might have refted, 
had it not been for experiments made in France foon 
after, by the two brothers Stephen and Jofeph Mont- 
‘golfier, upon principles fuggefted, not by the levity of 
inflammable air, which pcbably they had never heard 
of, but by that of fmoke and clouds afcending in the 
atmofphere. ‘Thefe two brothers it feems were natives 
of Annonay, a town. in the Vivarais, about 36 miles 
diftant from Lyons ; and that in their youth, Stephen, 
the elder, had affiduoufly ftudied the mathematics, but 

. the other had applied himfelf more particularly te na- 
tural philofophy and chemiftry. They were not in- 
‘tended for any particular way of bufineis, but the death 
of a brother obliged them to put themfelves at the head 
of a confiderable papér manufa&tory at Annoray. In 
the intervals of time allowed by tlieir bufinefs they 
amufed themfelves in feveral philofophical purfuits, and 
particularly with the experiments in aerottation, of 
which we are naw to give fome account. It would be 

, perhaps impoffible to know all the particular fteps and 
ideas which finally produced this difcovery: but it 
has been faid that the real principle, upon which the 
effe&t of the aeroftatic machine depends, was unknown 
even for a confiderable time after its difcovery: that 

. M. Montgolfier attributed the effe& ef the machine, 
“not to the rarefa€tion of the air, which is the true 
caufe, but to-a certain gas, Specifically lighter than 
common air, which was fuppofed to be developed from 
burning fubftances, ‘and which was commonly called 
Montgolfier’s gas. Be this however as it may, it is well 
known that the two brothera began to think of the 
experiment of the aeroftatic machine about the mid- 
dle or the-latter part of the year 1782. The natural 
afcenfion of the fmoke and the-clouds in the atmofphere, 
fuggefted the firt idea ; and to imitate thole bodies, 


f 35 ] 


AER 


or to inclofe a cloud ina bag, atid let the latter be 
lifted up by the buoyancy of the formes, was the fit 


Accordingly the firlt experiment was made at Avig- 


: non by Stephen, the elder brother, about the middle of 


November 1782. Having prepared a bag of fine filk, 
in the fhape of a parallelopipedon, and of about 40 
cubic feet in capacity, he applied burning paper to an 
aperture in the bottom, which rarefied the air, and 
thus formed a kind of cloud in the bag ; and when it 
became fufficiently expanded, it afcerided rapidly to the 
cgiling.* 

Soon afterwards the experiment was repeated with 
the fame machine at Annonay, by the two brothers, int 
the open ait’; when the bag afcended to the height of 
about 70 feet. Encouraged. by this fuccefs, they cons 
flruéted another machine, of about 650 cubic feet ca- 
pacity ; which, when inflated as before, broke the cords 
which confined it, and-after afcending rapidly to the 
height of about 600 feet, defcended and: fell on the ad- 
joining ground. With another larger machine, of 37 
feet diameter, they repeated the experiment on the 
agth day of April, which anfwered exceedingly well: the 
machine had fuch force of afcenfion, that, breaking 
abruptly from its confinement of ropes, it rofe to 
the height of more than 1000 feet, and then, being 
carried By the wind, defcended and fell at a place about 
three quarters of a mile from the place of its afcenfion. 
The capacity of this machine was equal to above 23 
thoufand cubic feet, and, being nearly globular, when in+ 
flated, it meafured 1177 Enghith feet m_cifcumference, 
The covering was formed of finen, linéd with paper; 
and ite aperture at the bottom was fixed to a wooden 
frame, of about 4 feet fquare, or 16 feet in furface. 
Wher filled with vapour, which it was conjectured 
might be about half as heavy as common air, it was 
capable of lifting up about 490 pounds, befides its own 
weight, which, together with that of the wooden frame, 
wag equal to about 500 pounds. With this fame ma- 
‘chine the next experiment was publicly performed at 
‘Annonay, on the sth of Juné 1783, before a great 
multitude of fpeétators, The flaccid bag was fulpend- 
edona pole 35 feet high; ftraw and chopped woot 
were burned under the opening at the bottom ; the va- 
pour, or rather fmoke, foon inflated the bag, fo as to 
diftend it in all its parts; and this enormous mafs 
afeended in the air with fuch velocity, that in lefs than 
ten minutes it reached the height of above 6 thoufand 
feet ; when a breeze carried it in an horizontal direc- 
tion to the diftance of 7668 feet, or near a mile, and a 
half, where it defcended gently to the ground. 

‘As foon as the news of this experiment reached 
Paris, the philofopkers of that city, conceiving that a 
new fpecies-of gas, of about half the weight of com- 
mon air, had been difcovered by Meffrs. Montgotfier 5 
and knowing that the weight of inflammable air was 
but about the eighth or tenth part of the weight of 
common air, they juitly concluded that inflammable 
air would anfwer the purpofe of this experiment bet~ 


_ ter than the gas of Montgolfier, and accordingly they 


refolved to make trial of it. z 
A fubfeription was opened by M. Faujas de St. Fond, 
towards defraying the expence of the experiment. A 
fufficient fum of money having foon begn -raifed, 
2 Mefirs. 
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Meffrs. Rotierts were appointed to conftruét the ma- - 


chine, aud M. Charles, profeffor of experimental philo- 


fophy, to fuperintend.the work. After a confiderable - 


time, {pent, aad furmounting many difficulties in ob- 


x 


taining a Gifficient’ quantity of inflammable air, and . 


fearching out a fubltance light enough for the cover- 
ing, they at length conftruded a globe of the fitk called 
luteftring, which was rendered rapervious to the in- 
clofed air by a vainifh of elaitic gum or caeutchouc, 
“diffolved in fome kind of fpirit or effentialoil. | “The dia- 
meter of this globe was about 13 feet ; and it had only 
one aperture, like a bladder, to which a flop-vock was 
adapted: and the weight of this covering, when empty, 
together with that of the ftop-cock, was 25 pounds. 

On the 23d of Augutt 1783, they began to fill the 
globe with inflammable air; but this, being their firft 
-attempt, was attended with many obftruétions and dif- 
appointments, which took up two or three days to over- 
come. 

At length however it wag prepared for exhibition, 
and on the 27th it was carried from the Place des Vie- 
toires, where it had been prepared, to the Champs de 
Mars,.a {pacious open ground in the front of the Mili- 

, tary School, where, 
flammable air, and difengaging it from the cords by 
which it was held down, it rofe, in lefs than two mi- 
nutes, to the height of 3123 feet: the {pecific gravit 
of the balloon, when it went up, being 35 pounds led 
than that of common air. At that height the balloon 
entered a cloud, but foon appeared again; and at laf 
it was loft among other clouds. After floating about 
in the air for about three quarters of an hour, it fell in 
a field about 15 miles from the place of its afcent ; 
where, as we may eafily imagine, it occafioned great 
amazement to the peafants who found it, Its fall was 
owing toa rent in the covering, probably occafioned 
by the fuperior clatticity of the inflammable air, over 
that of the rare part of the atmofphere to which it 
had afcended. : 

In confequence of this brilliant experiment, num- 
berlefs {mall balloons were made, moftly of gold- 
beater’s fkin, from 6 and 9 to 18 or 20 inches dia- 
meter; their cheapnefs putting it in the power of 
almoft every family to fatisfy its curiofity relative to 
the. new experiment; and in a few days time balloons 
were feen flying all about Paris, from whence’ they 
were foon after fent abroad. 

Mr. Jofeph Montgolfier repeted an experiment with 
a machine of his conftruétion before the commiffaries 
of the Academy of Sciences, on the 11th and r2th 
of September. “The machine was about 74 feet high, 
and 43 feet in diameter ; it was made of canvafs, 
covered with paper both within and without, and 
weighed 1000 pounds. It was filled with rarefied air 
in 9 minutes, and-in one trial the weight of eight 
men was not fufficient to keep it dawn. It was not 
fuffered to go up, as it had been intended for ex- 
hibition before the Royal Family, a few days after. 
By the violence of the rain, however, which fell about 
this time, it was fo much fpoiled, that he thought 
proper to conflruét another for that purpofe, in which 
he ufed fo great difpatch, that it was completed in 


the fhort fpace of four days time. This machine ~ 


was conftructed of cloth no of linnen and cotton 


after introducing fome more in- ~ 


-up with ita wicker cage, 
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thread, and painted with water colours both within 
and without. Its height was 60 feet, and diameter 
43 feet. Having made the neceflary preparation for 
inflating it, the operation was begun about one o'clock 
on the tgth of the fame month, before the king 
and queen, the court, and the inhabitants of the place, 
as well as all the Parifians who could procure a con- 
veyance to Verfailles. The balloon was foon filled, 
and in elevn minutes after the commencement of the 
operation, the ropes being cut, it afcended, bearing 
cantaining a cock, a duck, and 
a theep, the frit animals that ever afcended into the 
atmofphere with an acroftatic machine. Its power of 
afcenfion, or the weight by which it was lighter than 
an equal bulk of common air, allowing for the animals 
and their cage, was 696 pounds. ‘The balloon rofe 
to the height of 1449 feet; and being driven by the 
wind for the {pace of eight minutes, it gradually 
defcended in confequence of two large rents made in 
the covering by the wind, and fell in a wood at the 
diftance of 10,200 feet, or about two miles from 
Verfailles. The animals landed again as fafe as when 
they went up, and the fheep was found feeding. 

The fuccefs of this experiment induced M. Pilatre 
de Rozier, with a philofophical intrepidit which will 
be recorded with applaufe in the hiftory o! aeroftation, 
to offer himfelf as the firft_ adventurer in this aerial na- 
vigation. For this purpofe M. Montgolfier conftructed 
a new machine, of an oval fhape, in a arden of the 
fauxbourg St. Antoine 3 its diameter being about 46 
feet, and height 74 feet. To the aperture in the 
lower part was annexed a wicker allery about three 
feet broad, with a balluftrade of three feet high. 
From the middle of the aperture an-iron grate, or 
brazier, was fufpended by chains, defcending from 
the fides of the machine, in which a fire was lighted 
for inflating the machine ; and. towards the aperture. 
port-holes were opened in the gallery, through which 
any perfon, who might venture to afcend, might feed 
the fire on the grate with fuel, and regulate at pleafure 
the dilatation of the air inclofed in the machine: the 
weight of the whole being upwards of 1600 pounds. 
On the igth of OGober 1783, the fire being lighted, 
and the balloon inflated, M. P. de Rozier placed him- 
felf in the gallery, and, to the aftonithment of a mul- 
titude of fpeétators, afcended as high as the length of 
the reftraining cords would permit, which was about 
84 feet from the ground, sol there kept the machine 

loat about four minutes and a half, by repeatedly 
throwing ftraw and wool upon the fire: the machine 
then defcended gradually and gently, through a me- 
dium of increafing denfity, to the ground; and the 
intrepid adventurer affured the admiring {pectators that 
he had not experienced the leaft inconvenience in 
this aerial excurfion. This experiment was repeted 
on the 17th with nearly the fame fuccefs ; and again 
feveral times on the 19th, when M. P. de Rozier, by 
a- partial afcent and defcent, feveral times repeted, 
evinced to the multitude of obfervers that the machine 
may be made to afcend and defcend at the pleafure 
of the aeronaut; by merely increafing or diminifhirg 
the fire in the. grate. ‘The balloon having been 
hauled down, by the ropes which always confined it, 
M. Gironde de Villette placed himfelf in the gallery 
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eppofite to M. de Rozier, and the machine being 
hiffered to afcend, it hovered for about g minutes 


over Paris, in the fight of all its inhabitants, at the” 
And on their defeending, the: 
margnis of Arlandes afcended with M, de Rozier 


height of 330 feet. 


much ‘in the fame manner. 


In confequence of the report of thcfe experiments, 


"figned by the commiffaries of the Academy of Sci- 


~ oppofite fides of the gal 


‘little more than 5 miles 


‘fteeples and high buildings by increafin, 
vand in rifing they 


‘tempted in other countries. 


ences, it wap ordered that the annual prize of 600 
livres fhould be given to Meffrs. Montgolfier for the 


*. year 1783. 


In the experiments above-recited, the machine was 
always fecured by long ropes, to prevent its entire 
efeape: but they were foon fucceeded by unconfined 
aerial navigation. For this purpofe the fame balloon of 
74 feet in height was: conveyed to La Muette, a royal 
palace in the Bois de Boulogne: and all things being 

ot ready, on the 21ft of November 1783, M. P. de 
‘ozier and the marquis d’Arlandes took their poft in 
lery, and at 54 minutes after 
one the machine was abfolutely abandoned to the ele- 
ment, and it afcended calmly and majeftically in the 
atmofphere. On reaching the height of about 280 
feet the intrepid aeronauts waved their hats to the 
aftonifhed multitude: but they foon after rofe too 
high to be diftinguithed, and it is fuppofed they rofe 
to more than joco feet in height. At firft they were 
driven, by a north-weft wind, horizontally over the 
river Seine and part of Paris, taking care to clear the 
the fire s 
met with a current of air which 
carried them fouthward. Having thus paffed the 
Boulevard, and finally defifting from fupplying the 
fire with fuel, they defcended very gently in a field, 
beyond the new Boulevard, about gcoo yards, or a 
diftant from the palace de La 
Mette, having been between 20 and 25 minutes in 
tlie air, The weight of the whole apparatus including 
that of the two travellers, was between 1600 and 1700 
pounds. ; 

Notwithftanding the rapid progrefs of aeroftation 
in France, it is remarkable that we have no authentic 
account of any experiments of this kind being at- 
Even in our own ifland, 
where all arts and {cieaces find an indulgent nurfery, 
and many their birth, no aeroftatic machine was feen 
before the month of November 1783- Various fpecu- 


_ lations have been made on the reafons of this ftrange 


negleét of fo novel and brilliant an experiment. -But 
none feemed to carry aay fhew of probability except 
that it was faid to be difcouraged by the leader of a 
philofophical fociety, exprefsly inftituted for the im- 
provement of natural knowledge, for the reafon, as it 
was faid,, that it was the difcovery of a neighbouring 


pation. Be this however as it may, it isa fa& that. 


the firit aeroftatic experiment was exhibited in England 
by a foreigner unconneéted and unfupported. ‘This 
was acount Zambeccari, an ingenious Italian, who 
happened to bein London about that time. He made 
a balloon of oiled-filk, 10 feet in diameter, weighing 
only 11 ponnds:. it was gilt, both for ornament, and 
to renger it more impermeable to the inflammable air 
with which it was to be filled. The balloon, after 


heing publicly thewn for feveral days in Londony, was 
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carried to the Artillery Ground, and there being filled 
about three-quarters with inflammable air, and having 
a direGtion inclofed in a tin box for any perfon by whom 
it fhould afferwards be found, it was launched about 
one o'clock on the 25th of November 1783. At 
half pat three it was taken up near Petworth in 5uffex, 
48 miles diftant from London; fo that it travelled at 
the rate of near 20 miles an hour. Its defcent was 
occafioned by a rent in the filk, which muft have been 
the effect of the rarefadtion of the inflammable aiz when 
the balloon afcended to a rarer part of the atmofpherc. 
The French philofophers having executed the firft 
aerial voyage with a balloon inflated hy heated air, re- 
folved to attempt a fimilar voyage with a balloon filled 
with inflammable air, which feemed to be’ preferable 
to dilated air in every refpeét, the expence of preparing 
it only excepted. A fubfcription was opened how- 
ever to defray that expence, which was eflimated. at 
about te thoufand livres; and the balloon was con- 
ftructed by Meffrs, Roberts, of gores of fills, varnifhed 
with a folution of elattic gum. Its form was fpherical, 
and it meafured 273 feet in diameter. The upper 
hemifphere was covered by a net, which was faltened 
to a hoop encircling its‘ middle, and called its equator. 
To this equator was fufpended by ropes a car or boat, 
covered with painted linen, and beaut Pally ornamented, 
which fwung afew feet below the balloon, To pre- 
vent the buriting of the machine by the expanfion of 
the inflammable air in a rarer medium, or to caufe the 
balloon to defcend, it was furnifhed with a valve, which 
might be opened by means of a ftring defcendin, from 
it, for difcharging a part of the internal air, without 
admitting the external to enter: And the car was. 
ballafted with bags of fand, for the purpofe of light- 
ening it occafionally, and caufing it to afcend: fo 
that by letting fome of the air efcape through the valve, 
they might defcend ; and by difcharging fome of their 
fand bailaft, afcend. ‘To this balloon was likewife- 
annexed along pipe by which it was filled. ‘The ap- 
paratus for filling it confifted of feveral cafks placed 
round a large tub of water, each having a long tin tube, 
that terminated. under a veffel or funnel which was in- 
verted into the water of the tub, and communicated 
with the long pipe annexed to the lower part ‘of the 
balloon. Iron filings and diluted vitriolic acid being 
put into the cafks, the inflammable air which was pro- 
duced from thefe materials, paffed through the tin 
tubes, thence through the water of the tubs to the ins 
verted funnel, and fo through the pipe into the balloon, 
When inflated, the weight of the common air which. 
was equal in bulk to the balloon, was 7714.pounds ; 
alfo the power of afcenfion, or weight jut’ neceflary 
to keep it from afcending, was 20 pounds, and the 
weight of the balloon, with its car, paffengers, aod all 
its appendages, was 6044 pounds, which two -together 
make 624} pounds: and this taken from 7717 pounds, 
the weight of common air difplaced, leaves 147 pounds 
for the weight of the inflammable air contained in. 
the balloon, and which is to 771} pounds, the weight 
of the fame’ bulk of common air, nearly as 1 to 545 
that is, the inflammable air ufed in this experiment 
was 52 times lighter than common air. 
The firft of December was fixed on for the difplay 
of this grand experiment ; and every preparation ee 
made 
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amade for conduding it with advantage, The garden 
. of the Thuilleries at Paris was the {cene of operation; 
which was foon crowded and encompaffed with a pro- 
digious multitude of obfervers. Signals were given, 
from time tg time, by the firing of cannon, waving 
of flags, &c: anda {mall montgolfier was launched, 
for thewing the direction of the wind, and for the 
amufement of the people previous to the general dif. 
play. At three quarters after ohe o’clock, M. Charles 
and one of the Roberts, having feated themfelves in the 
boat attached to the balloon, and being furnithed with 
proper inftruments, cloathing, and_provifions, left the 
ground, and afcended with a moderately accelerated 
welocity to the height of about 600 yards; the fur- 
rounding multitude ftanding filent with> fear aad 
amazement ; while the aerial navigators at this height 
made fignals of their fafety. When they left the 
Eronnd, the thermometer, according to Fahrenheit’s 
cale, flood at. 59 degrees; and the barometer, at 
go18 inches: ‘and at the utmoft height to which 
they afcended, the barometer fell to 27 inches: from 
which they deduced their height as above to be 600 
yards, or one third part of a mile. During the reft 
of the voyage the quickfilver in the barometer was 
eel between 27 and 27°65 inches, rifing and 
alling, as part of the ballaft was thrown out, or fome 
of the inflammable air efcaped from the balloon. The 
thermometer generally ftood between 53 and 57 de- 
grees. Soon after their afcent, they remained fta- 
tionary for fome time : they then moved horizontally 
‘in the dire&tion north-north-weit : and having croffed 
the Seine, and paffed over feveral towns and villages, 
to the great amazement of the inhabitants, they de- 
feended in a field, about 27 miles diftant from Paris, 
at three-quarters paft 3 o’clock ; fo that they had 
travelled at the rate of near 15 miles an hour, without 
feeling the leaft inconvenience. 

“The balloon ‘{till containing a confiderable quantity 
of inflammable air, M. Charles re-afcended alone, and 
jt was computed he went to the height of 3100 
yards, or almoft 2 miles, the barometer being then 
at 20 Englith inches: having amufed himfelf in the 
air about 33 minutes, he pulled the ftring of the 
valve, and defcended at 3 miles diftance from the 
place of his afcent. All the inconvenience he ex- 
perienced in his great elevation, was a dry fharp cold, 
with a pain in one of his ears and a part’ of his 
face, which he afcribed to the dilatation of the internal 
air: a circumftance that ufually happens to perfons who 
fuddenly. change the denfity of their atmofphere, either 
by afcending into a rarer, or defcending into a derfer 

one, The {mall balloon, launched at the beginning by 
M. Montgolfier, was found to have moved in a dire€tion 
oppofite to that of the aeronauts; from which it is in- 
ferred that there were two currents of air at different 
heights above the carth. 

Tn the month of December this year, feveral expe- 
riments were made at Philadelphia in America with 
air balloons, by Meffrs. Rittenhoufe and Hopkins. 
They conftruéted and filled a great many fmall balloons, 
and conneéted them together ; jn which a man went 
up feveral times, and was drawn down again; and 
finally, the ropes being cut, he afcended to the height 
of 100 feet, and floated toa confiderable diflance 5 but, 
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being afraid, he cut open the ‘balloons with a knife, 
and fo defcended. 

‘About theclofe of this year fmall balloons were’ fent 
“up in many places, and were become very common in 
"fome parts of France and England. And in the be- 
“ginning of the year following, their number and mag- 

nitude.increafed confiderably ; and fome of the more. 
remarkable ones were as follow:—On the rth of 
January M. Jofeph Montgolfier, accompanied by fix 

‘other perfons, afcended from Lyons with a rarefied -air 

balloon, to the height of 1000 yards. This was the 

largelt machine that had been hitherto made, being 131 

feet high, and 104 feet in diameter: it was formed ot 

a double covering of linen, with three layers of paper 

between them ; and it weighed, when it, went up, 1600 

pounds, including the gallery, paffengers, &c. Te was 

at firft intended for fix paflengers ; but before it went 

up, it was not judged fafe to freight it with more than 

three: however no authority nor folicitations could 

prevail upon any of the fix to quit their place, nor even 

to cat lots which three fhould retign their pretenfions :. 
fo that the fpe€tators faw them all afcend with terror 

and anxiety; and to add to their diftrefs, when the 

yopes were cut, and the machine had afcended a foot or 

two from the ground, a feventh perfon fuddenly leaped 

into the gallery, and the fire being increafed, the whole 

afcended together. To add to the terror of the fcene, 

after being in the air about 15 minutes, alarge rent 

of about §0 fect in length was made by the alloon 

doking fire, in confequence of which it defcended very 

rapidly to the ground, though fortunately without in-" 
jury to any of the aeronauts, 

On the 22d of February an inflammable air balloon 
- was launched from Sandwich in Kent. It was but 

a {mall one, being only 5 feet in diameter ; but it was 
rendered remarkable by being the firft machine that 
croffed the fea trom England to France, It was found 
jn afield at Warneton, about 9 miles“from Lifle in 
French Flanders, two hours and a half after it left 
Sandwich, the diftance being about 74 miles; fo that 
it floated at the rate of about 30 miles an hour. 

The chevalier Paul Andreani, of Milan, was the 
firt aerial traveller in Italy. ‘The chevalier was at the 
{ole expence of this machine, but was affilted in the 
conftruétion by two brothers of the name of Gerli. 
‘They’all three afcended together near Milan on the 
2sth of February, and remained ‘in the atmofphere 
about 20 minutes, when they defcended, all their fuel 
being exhauited. This machine was a montgolfier, of 


a {pherical fhape, and about 68 feet in diameter. From 


calevlations made on the power of this, and other 


- machines of the fame fort, it appears that the included 


air is rarefied commonly but about one-third, or that 
the included warm air weighs about two-thirds of the 
fame bulk of the external or co.nmon air. 

The next aerial voyage was performed on the 2d of 
March 1784, by M. Jean Pierre Blanchard, a man 
who has fince that time made more voyages than any 
ether perfon, and who has rendered himfelf famous 
by being the firft who has floated in the air over 
the channel from England to France. M. Blan- 
chard it feems had for many years been in purfuit of 
mechanical means for flying through the air; but on 
heating of the late invented air balloons, he dope 
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his‘ former purfuits, and turned his attention to them, 


le accordingly conftrugted one of 27 feet diameter, 
to which a boat was fufpended with two-wings, anda . 


rudder to iteer it by, as alfo a large parachute fpread 
horiZontally between the boat and the balloon, defigned 
to check the fallin cafe the balloon fhould burit.. The 
machine being filled with inflammable air, he afcended, 
from the Champs de Mars at Paris, to the height of 
near ten thoufand feet, or almoft 2 miles; and after 
floating in the air for an hour and a quarter, he de- 
{cended at Billancourt near Seve, having experienced 
by turns heat, cold, hunger, and an excelive drowfinefs, 
It appears from his own account, and‘ as might have 


, been expefted, that the wings and rudder of his boat 


had little or no power in turning the balloon from ‘the 
direCtion of the wind. 

In the courfe of this year, 1784, aeroftatic experi- 
ments and aerial voyages became fo frequent, that the 
limits of this article will not allow of any thing farther 
than mentioning thofe which were attended with any 
remarkable ciréumitances. On the 25th of April, 
Meffrs. de Morveau and Bertrand afcended from Dijon, 
with an inflammable-air balloon, to the height of thir- 
teen thoufand feet, or near 2 miles and a half, where 
the thermometer marked 25 degrees. They were in 
the air s hour and 25 minutes, in which time they 
floated 18 miles. 

On the 2oth of May, four ladies and a gentleman 
afcended from Paris, in a large montgolfier, above the 
highelt buildings, and remained fufpended there a con- 
fiderable time, the balloon being confined by ropes 
from flying away. : 

On the 23d of May, M. Blanchard, with the fame bal- 


. loon as before, afcended from Rouen, to fuch height that 


the mercury in the barometer ftood at 20°57 inches, 
which on the earth had been at 30°16. It was ob- 
ferved that in this voyage M. Blanchard’s wings or oars 
could not turn him afide from the direétion of the wind. 

On the 4th of June M, Fleurant aid ‘Madame 
Thible, the firft lady who made an aerial voyage, ‘af- 
eended at Lyons in a machine of 70 feet diameter. 


They went to the height of 8500 feet, and floated 


about 2 miles in 45 minutes, 

On the 14th of June, M. Couftard de Maffi and 
M. Mouchet afcended at Nantes to a gréat height, 
with a balloon of 324 feet diameter, filled with in- 
flammable air extra@ed from zink; and they floated 
to the diflance of 27 miles in 58 minutes, 

On the 23d of June, the firft aerial traveller M. 
Pilatre de Rozier, accompanicd with M. Prouts, af- 
cended at Verfailles, in the prefence of the royal family 
and the king of Sweden, with a large montgolfier, 
whofe diameter was 79 feet, and its height 91 Ieet 
and ‘ahalf. They floated to the diftance of 36 miles 
in three-quarters of an hour, when they defcended, 
which is at the rate of 48 miles an hour. In‘confe- 
quence of this experiment the king, granted to M. de 

ozier a penfion of zac livres. 

On the 15th of July the duke of Chartres, the two 
brothers Roberts, and a fourth perfon afcended from 
the park of St. Cloud, with an infammable-air machine, 
of an oblong form, its diameter being 34 feet, and its 
length, which went in a direGtion parallel to the horizon, 
was 55% feet; and they remained in the atmofphere 
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for 45 minutes in the greatelt fear end danger... The 
machine contained an interior fmall Balloon, filled with 
common air, by means of which it was propofed to 
caufe the machine to afcend or defcend without the lofs 
of any inflammable air or ballait: and the boat was 
furnifhed with a helm and oars, which were intended 
to guide it. Three minutes after afcending, the ma- 
chine was loft in the clouds, and involved in a denfe 
vapour, A violent agitation of the air, refembling a 
whirlwind, greatly alarmed the aeronauts, turned the 
machine three times round in a moment, and gave it 
fuch fhocks as prevented them from ufing any of their 
inftruments for managing the machine. After many 
ftruggles, with great difficulty they tore about 7 or 8 
feet of the lower part of the covering, by which the in- 
flamable air efcaped, and they defcended to the ground 
with great rapidity, though without any hurt. At 
the place of departure the barometer flood at go'r2' 
inches, and at their greatelt elevation it flood at 24°36 
inches; fo that their afcent was about 5100 feet, or’ 
near one mile. 

On the 18th of July, M. Blanchard, with a Mr. 
Boley, made his third voyage with the fame balloon as 
he had before, and rofe fo high as to fink the barometer 
from 30°1 to 25°34 inches, an{wering to a height of 
about 4600 feet. In 2 hours and a quarter they floated. 
45 miles, which is at the rate of 20 miles an hour. In 
this voyage M. Blanchard pretended that he was able 
to turn the machine with his wings; and to make it af-- 
cend and defcend at pleafure. After defcending, ‘it ” 
is faid the balloon remained all the nightat anchor full of 
air; and that the next day feveral ladies amufed them-- 
felves by afcending fucceffively to the height of. 80 
feet, the length of the ropes by which it was anchored. 

In the courfe of this fummer two perfons had nearly. 
loft their lives by afcending with machines of warmed. 
air, The one in Spain, on the 5th of June, by the. 
machine taking fire, was much burnt, and fo hurt by 
the fall that his life was long defpaired of. The latter 
having afcended a few feet, the machinery entangled 
under the eves of a houfe, which broke the ropes, and 
the man fell about twenty feet: the machine prefently 
took fire, and was confumed, Other montgolfiers were 
alfo burned about London, by taking fire, through the 
defe&ts of their conftruction. 

The firft aerial voyage performed in England was 
by one Vincent Lunardi, a native of Italy, who af- 
cended from the Artillery Ground, London, with an 
inflammable-air balloon on the igth of September. 
His machine was made of oiled filk, painted in alter- 
nate ftripes of blue and red; and its diameter was 33 
feet. Froma net, which covered about two-thirds of 
the balloon, 45 cords defcended to a hoop hanging 
below fhe balloon, to which the gallery was attached. 
The machine had no valve; and its neck, which ter- 
minated in the form of a pear, was the aperture 
through which the inflammable air was introduced, and - 
through which-it might be let out. The -balloon was. 
filled with air produced from zink by means of diluted 
vitriolic acid. And when the aeronaat departed, at 
2 o’clock, he took np with him a dog, acuat, and a 
pigeon. After throwing out fome {and to clear the: 
houfes, he afcended to a confiderable height; and the 
direction of his motion at firlt was north-welt by weft 5 
but 
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‘out as the balloon rofe higher, it came into another 
current of air, which carried it nearly north. In the 
courfe of his voyage the thermometer was as low as 


2g degrees, and the drops of water which had collected 7 
About half after ” 


round the Balloon were frozens 
three he deicended very near the ground, and landed 
the cat, which was almoft dead with cold: then rifing, 
he profecuied his voyages till at 10 minutes pal 
4o’clock he landed near Ware in Hertfordthire. He 
pretends that he defcended by means of his oars or 
wings; but other circum{tances related by him, ftrongly 
contradi& the fact. 

The longeit and moft interefting voyage performed 
about this time, was that of Mefirs. Roberts and M. 
Colia Bullin, who afcended at Paris, at noon’on the igth 
of September, with an aeroftat, filled with inflammable 
air, which was 273 feet in diameter, and 46} feet long, 
the machine being made to float with its longett part 

arallel to the horizon, and having a boat of near 17 
feet ‘long attached to it. The boat was fitted up with 
feveral wings or oars, fhaped like an umbrella, and they 
afcended at 12 o’clock with 450 pounds of fand ballait, 
and after various manccuvres finally defcended, at 40 
minutes pat 6 o'clock, near Arras in Artois, 150 miles 
from Paris, having {till 200 pounds of ballaft remaining 
in the boat. In one part they found the current of 
air uniform from 600 to 4200 feet high, which it feems 
was their greateft height, and the fall of the barometer 
had been near 5°6 degrees. They found that by 
means of their oars they could accelerate their courfe a 
little in the direGtion of the wind, when it moved 
flowly, which may be true; but there is great reafon 
to doubt of the aceuracy of their ex eriments by which 
they pretended to caute their pak to deviate about 
a2 degrees from the wind, going with a confiderable 
velocity. : 

‘The fecond aerial voyage in England, was performed 
by Mr. Blanchard, and Mr. Sheldon profeffor of ana- 
tomy to the Royal Academy, being the firft ba Ne 
man who afcended with an aeroftatic machine. ‘They 
afcended at Chelfea the 16th of Oftober, at g minutes 

aft 12 o'clock. Mr, Blanchard having Janded Mr, 
Sheldon at about 14 miles from Chelfea, revafcended 
alone, and finally landed near Rumfey in Hampthire, 
about 75 miles diftant from London, having gone 
nearly at the ratejof 20 miles an hour, The wings 
nfed on this occation it fegms produced no deviation 
from the dire@ion of the wind, Mr, Blanchard faid 
that he alcended fo high as to feel a great difficulty of 
breathing : and that a pigecn, which flew away from 
the boat, laboured for fome time to. fuftain itfelf with 
its wings in the rareBed air, but after wandering 3 good 
while, returned, and refted on the fide of the beat. 

On the 4th of Odtober, Mr. Sadler, an ingeniovs 
tradefman at Oxford, afecnded at that place with an 
infammable-air b. Hoon of his own conkruétion and 
filling. And again on the ith of the fame month he 
. ‘afcended at Oxford, and floated to the diftance of 14 
miles in 17 minutes, which is at the rate of near 50 
miles an hour.” ; : , 

Fhe goth of November this year Mr. Blanchard’s 
fifth aerial voyage, fill with his old machine, was pers 
formed in company with Dr. J. Jeffries, a native of 
Aceves, Their vopaze was about 21 miles 3 and it 
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_valve being damaged, 
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does not ‘appear that the greatett aétion of their oars 
produced any effect in direéting the courfe of the 


2 balloon. 


On the 4th of January, 1785, 2 Mr. Harper afcended 
at Birmingham with an inflammable-air balloon, and 
went to the diftance of 50 miles in an hour and a quar- 
ter, and {uffered no other ‘inconvenience than a tem. 
porary deatnefs, and what might be expected from the 
changes of wet and cold, ‘The thermometer defcended 
fium 49 to 28 degrees. ~ 

On the 7th of January, Mr. Blanchard, accompanied 
with Dr. Jeffries, performed his fixth aerial voyage, by 
‘a€tually. crofling the Hritth channel from Dover to 
Calais, with the fame balloon which had five times be- 
fore carried him tuccefsfully through the air. They 
afcended with only 30 pounds of tand bailalt, belidee 
their provifions, tome books, initraments, and other 
neceflaries, The machine parted with the gas very 
rapidly, and their ballaft was foon all exhaufted ; after 
which, from time to time they threw out every thing 
elfe in the boat, to prevent themfelves’ from dropping 
into the fea. In this way they difpofed of all. their 
provifions, their books and inftrumehts, and finally the 
mott part of their very clothes themfelves. ‘This how- 
ever bringing them near the French coatt, they gradu- 
ally afcended, cleared the cliffs and houfes, and landed 
in the foreft of Guiennes. It is remarkable that a 
bottle, being thrown out when they were in danger of ‘ 
falling into the fea, ftruck the water with fuch forces 
that they heard and felt the fhock very fenfibly on the 
car and balloon. Ja confequence of this voyage the 
king of France prefented M, Blanchard with a gift of 
12000 livres, and granted him a penfion of 4200 livres 


a year. 

on the rgth of January, Mr. Crefbie afcended at 
Dublin in Ireland, with an inflammable-air balloon to 
a great height. He rofe fo rapidly that he was out of 
fight in pone and ahalf. By fuddenly opening 
the valve he defcended juft at the edge -of the fea, as 
he was driving towards the channel, being unprovided 
for properly pafling over to England. : z 

Qn the 23d of March, Count Zambeceari and Ad. 
miral Sir Edward Verson afcended at London, and 
failed to Horfham in Suffex, at the ditlance of 35 
miles in lefs than an hour. ‘The voyage proved very 
dangerous, owing to fome of the machinery about thé 
which obliged them to cut open 
fome part of the balloon whea “they were about two 
miles perpendicutar height above the earth, the baro- 
meter having fallen fiom 30°4 to zo°8 inches. In 
defcending they pafled through a denfe cloud, which 
felt, very cold, and covered them with fnow. ‘The ob- 
fervations they made were, that the balloon kept per+ 
petually turning round its vertical axis, fometimes fo 
rapidly as to make each revolution in 4 or 5 feconds; 
that a peculiar noife, like rafting, was heard among 
the clouds, and that the balloon was greatly agitated 
in the defcent. 

On May the stb, Mr. Sadler, and William Wind- 
ham, fq. member of pmliament for Norwich, afcended 
at Moulfey-burtt. The machine took a fouth-eatt 
courfc, and the curreat of air was fo Rrong that they 
were in great danger of being driven to fea. They 
had the good fortune however to defcend near the ne 

fur 
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flax of the Thames and Medway, not a mile from the 
water's edge. By an accident they loft their balloon : 
for while the aeronauis were bufed in fecuring their 


inftiments, the country people, whom they had em- | 


ployed in holding down the machine, fuddenly let go 
the cords, when the balloon inftantly afcended, and 
was driven many miles out to fea, where it fell, and 
was taken up by a trading veflel. It was afterwards 
reftored again, and anoth-r voyage made with it from 
Manchefler to Pontefraét, in which Mr. Sadler was 
Rill wore unfortunate ; for no perfon being near when 
it defcended, and not being able to confine it by his 
own ftrength, he was dragyed by it Over trees and 

~ hedges; and at laft was forced to quit it at the ut- 
molt peril of his life ; after which it rofe, and was out 
of fight in a few minutes, It was afterwards found 
near Gainfborough. * . 

On the 12th of May Mr. Crofbie afcended, at Dub- 
lin, ag high as the tops af the-houfes; but foon de- 
fcended again with a velocity that alarmed all the 
fpectators for his fafety. On his flepping out of the 
car, in an inftant Mr. M‘Guire, a college youth, {prung 
into it, and the balloon afcended with him to the afto- 

_ nifhment of the beholders, and prefently be was carried 
with great velocity towards the channel in the diretion 
of Holyhead. This being obferved, a crowd of horfe- 
men purfued full fpeed the: courfe he feemed to take, 
and could plainly perceive the balloon defcending into 
the fea, Lord H. Fitzgerald, who was among the 
foremoft, inflantly difpatched a fwift-failing —veffel 
mounted with oars, and all the boats* that could be 
.§0t, to the relief of. the gallant youth ; whom they 

found almoft fpent with {wimming, juft time enough 
to fave his life. 

The fate of M..Pilatre de Rozier, the firft aerial 
traveller, and his companion M. Romain, .bas been 
much lamented. ‘They afcended at Boulogne the 1 sth 
of June, with intent to crofs the channel to England: 
for the firft 20 miriutes they feemed to take the proper 
direétion s when prefently the whole apparatus was 
feen in flames, and the unfortunate adventurers fell to 
the ground from the height of more than a thoufand 
nine and were killed on the fpot, their bones being 

* broken, and their bodies crufhed in a fhocking manner. 
The machine in which they afcended, confifted of a 
{pherical balloon, 37 feet in diameter, filled with in- 
flammable air; and under this balloon was fufpended 
afmall montgolfier, or fire balloon, of 10 feet diameter ; 
the (seats which fufpended’the aeronauts, was attached 
to the net of the upper balloon by cords, which were 
faftened to a hoop rather larger than the montgolfier, 
and defcended perpendicularly to the gallery. The 
montgolfier was intended to promote and prolong the 
afcenfion, by rarefying the atmofpheric air, and by 
that means gaining levity. It is not certainly known 
whether the balloon was a@tually fet on: fire by the 
montgolfier, or, being over-rarefied by the heat beneath, 
me and by that means the inflammable air was {et in 
a braze. 


On the rgth of July, at 20 minutes pait 2 o’clock, 


Mr. Crofbie afcended at Dublin, with intent to crofé - 


the channel to Holyhead in England. he ufual 
form of the boat had been changed, for a capacious 


wicker bafket, of a circular forum, round the upper 
Vou L 
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chalf'a hundred on his firit rife. 
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edges of which were faftened a great many bladders, 
which were intended to render hia gallery buoyant, in 
cafe of a difafter at fea. About 300 pounds of balla 
were put into the balket, but the aeronaut difcharged 
At firit the current of 
air carried- him due welt; but it foon charged his 
courfe to nearly north-eaft, pointing nearly towards 
Whitehaven. At upwards of 40 miles from the Lrith 
fhore, he found himfelf within clear fight of both lands, 
and he faid it was impoffible to give any adequate idea 
of the unfpeakable beauties which the fcenery of the 
fea, bounded by both lands, prefented. He rofe 
at one time fo high, that by the intenfe cold his ink 
was frozen,*and the mercury {unk quite into the ball 
of the thermometer. Ile was fick, and felt a ftrong 
prepulfion on the tympanum of the cars, At his ut- 
moft height he thought. himfelf ttationary ; but on 
Iberating fome gas, he. defcended to a current of air 
blowing north, and extremely rough. He now entered 
a thick cloud, and: encountered ifrong blaits of wind, 
wich thunder and lightning, which rought him ra- 
pidly towards the furface of the water. Here the 
balloon made a circuit, but falling lower, the water 
entered his car, and he left his notes of obfervations 
All his endeavours to throw out ballaft were of no avails 
the force of the wifd plunged him into the ocean ; and 
with much difficulty he put on his cork jacket. The 
propriety of his idea was now very manifeft in the con- 
ftruction of his boat ; as by the admiffion of the water 
intq the lower part of it, and the fufpenfion of his 
bladders, which were arranged at the top, the water, 
added to his own weight, became proper ballaft; and 
the balloon maintaining its poife, it became a powerful 
fail, by means of which, and a fnatch block to his car, 
he went before the wind as regularly as a failing 
veffel. In this fituation he found himfelf inclined to 
eat,.and he took alittle fowl, At the diftance of a 
league he difcovered fome veflels crowding after him 5 
but as his progrefs outftripped all their endeavours, 
he lengthened the {pace of the balloon from the car, 
which gave a check to the rapidity of his failing, and 
he was at length ‘overtaken and faved by the Dunleary 
barge, which. took him on board, and fteered to Dun- 
leary, towing the balloon after them, 

A fimilar accident happened to Major Money, who 
afcended at Norwich, on the. 22d of July, at 20 minutes 
paft 4 in the afternoon; when meeting with an improper 
current, and not being able to let himfelf down, on 
account of the fmallnefs of the valve, he was driven out 
to fea, where, after blowing about for near two hours, 
he dropped into the water. Here the ftruggles were 
aflonifhing which he’made to keep the balloon up, 
which was torn, and hung only like an umbrella over 
his head. A thip was once within a mile, but, he adds, 
whether from want of huianity, or by miftaking the 
balloon for a fea monfter, they fheered off, and left 
him to his fate; but a boat chafed him for two hours, 
till juit dark, and then bore away. He now gave up 
alt hopes, and began to wifh that providence had given 
him the fate of Pilatre de Rozier, rather than fuch 
a lingering death, Exerting himfelf however to pre- 
ferve life as long as poffible, by keeping the balloon 
floating over his head, to keep himfelf out of the 
water, into which neverthelefs he funk gradually inch 
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by inch, as it loft, its power, till he was at length breaft 
deep in water, whea he was providentially taken up b 
arevenue cutter, at half pait eleven at night, but fo 
weak that he was obliged to be lifted out of the car 
into the thip: 

‘About the latter end of Angult, the longeft aerial 
voyage hitherto made, was performed by Mr. Blanchard, 
who afcended at Lille, accompanied by the Chevalier 
de L’Epinard, and travelled 320 miles in therr ‘balloon 
before it defeended. On. this o fion, as on fome 
former ones, Mr. Blanchard made tvial of a parachute, 
like a large umbrella, iuvented to b the fall in cafe 
of an accident happening the balloon: with tbis ma- 
chine he dropped a dog from the car foon after his af- 
cenfion, which defcended gently and unhurt. 

On September the 8th, Thomas Baldwin, Efq. 
afcended from the city of Chefter, at 40 minutes pait 
one o’clock, and defcended at Rixton-Mofs, at 25 
miles diftance, after a voyage of 2 hours and a quarter. 
The greateft perpendicular altitude afcended was about 
a mile and a half, and the acronaut computed vhat in 
fome parts of the voyage he moved at the rate of 30 
miles‘an hour. Mr. Baldwin publihed a very cir- 
cumftantial account of his voyage, with many ingenious 

hitefophical remarks relating to acroftation, of which 
‘abjeét his book may be confidered as one of the beit 
treatifes yet given to the public. 

Odtober the 5th, Mr. ‘Lunardi made the fir. aerial 
voyage in Scotland. 
* after various turnings, landed near Cupar in Fife, having 
deferibed a track of 40 miles over the fea, and 19 over 
the land, in an hour and a half. He faid the mercury 
fn the barometer funk as low as 18*3 inches at his 
greateft elevation. y 

November the rgth the celebrated Blanchard af. 
cended at Ghent to a great height, and after many 
dangers defcended at Delft without his car, which he 
cut away to lighten the machine when be was de- 
fcending ‘too rapidly, and flung himfelf by the cords 
to the balloon, which ferved him then in the nature 
of a parachute. On his firft afcent, when he was al- 
molt out of fight, he let down a dog, by means of a 

arachute, which came eafily to the ground. : 

November the 25th Mr. Lunardi afcended at Glaf- 
gow, and in two hours it is faid he defcribed a track 
of 125° miles. 
overcome with drowfinel's, he fays he flept for about 
20 minutes in the bottom of the car, during this voyage. 

Many other voyages were made in different couritries, 
and with various fuccefs. But fince the year 1785, 
the rage for balloons has confiderably abated, and we 
- have gradually had lefs and lefs of thefe aerial ex- 
curfions, fo that it is now become rather an uncommon 
thing to hear of one of them performed in any country 
whatever: which fpeedy decline in this -new art 1s 
perhaps.to be afcribed chiefly to the following caufes 5 
namely, a lefs degree of eagernefs in people to purfue 
fuch experiments, from their -curiofity having been 
fatisfied ; feéondly, the trouble, danger, and great ex- 
pence, attending them; and laftly, the want of the 
means of conduéting them, and the {mall degree of 
utility fo which they have hitherto been applied. ‘The 
failure in the many attempts that have been made to 
dire& balloons at pleafure through the air, cannot but 
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He afcended at Edirburgh, and- 


It is further remarkable that, being 
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be felt as a very difcouraging circumflance; and it 
to be feared that it will ever be felt as fuch, notwith- 
flanding the pretenfions of fome perfons on this head 3 
for they never have caufed, nor isit to be expéetedtihey 
ever can caufe the machine to deviate fenfibly from the. 
courfe of the wind, except only in the cafe when 
this moves with a very {mall celerity” For when the 
current blows only at the rate of :o miles an hour, 
which is but a very gentle wind, it may be fhewn 
that a balloon of 50 feet in diameter will require a 
force equal to-the preflure of 72 pounds weight, to 
cattle it to deviate 30 degrees from the courfe of the 
wind; and a force equal to double or triple that 
weight, when the wind blows with a double or 
triple velocity, that is, at the rate of 20 or 39 miles 
an hour; and fo in proportion, To obviate the dan- 
ger of a full, arifing from any accident happening to 
the balloon, fome experiments have been made with a 
parachute, chiefly by Mi. Blanchard, whofe endeavours 
and perfeverance it feems have continued longer than 
in any other perfon: we fill hear of his excurfions in 
different parts of Europe, and improvements of the 
parachute, wings, &c 5 and have jult read accounts of 
two voyages lately performed by him; with which, 
being very curious, we fhall conclude our narration of 
thefe aerial excurfions. They will be beft related in 
Mr. Blanchard’s own words, taken from his letter, 
dated Leipfick, O&ober the gth, 1787, to the editors 
of the Paris Journal. “I did not mention,”? fays he, 
“ jn your interefting paper, my afcention at Strafburg 
on the 26th of lat Auguft: the weather was fo hor- 
rible that F mounted only for the fake of contenting 
the aftonifhing crowd of ftrangers affembled there from 
all parts of the country. Every body feemed fatisfied 
at the attempt, but I affure you, gentlemen, that 1 
was far from being pleafed with fo common an expe- 
riment. The only remarkable thing that occurred at 
that time, was the following circumftance: At the 
height of about 2000 yatds, or a ‘mile and: half a 
quarter, I let down a dog tied fo the parachute, who, 
inftead of defcending gently, was forcibly carried, by a 
whirlwind, above the clouds. I met him foon after, 
bending his courfe direétly downwards, amd, as on res 
colleéting his matter, he began to bark a little, I was 
going to take hold of the parachute, when another 
whirlwind lifted him again to a great ‘height. loft 
him for the fpace of fix minutes, and perceived him 
afterwards, with my telefcope, as if fleeping in the 
cradle or bafket belonging to the machine. Continually 
agitated, and impetuoufly toffed through every point of 
the compafs, by the violence of the different currents of 
air, I determined to end my voyage on the other fide 
‘of the Rhine, after having paffed vertically over Zell, 
I defcended at a {mall village,’ with an intention to be 
affifted alittle, and about thirty men foon came within 
reach of the balloon very a-propos, and fixed me to the 


-ground. ‘The wind was fo violent that anchors or 


ropes would have been of no fervice. 1 had however 
added to the largé aeroftatic globe a {mailer one, of 
60 pounds afcenfional force, which would have contri- 
buted to fx me, when once I let it loofe ; but notwith- 
ftanding this precaution, the men’s affitance was very 
neceflary to me. The parachute was {till wavering in 
the air, and did not come down till 12 minutes pce 
“ pers 
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zgth of September, in the midit of an incredible num- 
2 ~fpectators, forming one of the moft brilliant af- 
“Lever beheld. “The tky was as clear and fe- 
poffible, and the air fo calm that many of 
“my'friends, and multitudes of others, could follow me 
ph horfeback, and even on foot. Iwas fometimes fo 
near them that they thought they cauld reach me, bat I 
could foon find the means of rifing ; and once, when 
they had a@ually taken hold of the cords, to fee me 
“Moat with the ftrings in their hands, I fuddenly cut 
them, and mounted again in the air. All thefe amuf- 
ing evolutions were in fight of the town and its en- 
virons. Atlength I yielded tu the earnett folicitations’ 
of the company, and entered the town triumphantly in 
my cat, fulowed by a coucourle of people tranfported 
with joy, and amidit the acclamations of thoufands. 
The next day I emptied the inflammable dir into another 
globe, with which I intended to try fome experiments 5 
and I let it off witha cradle, in which a dog was 
fixed.. The balloon, having reached a confiderable 
height, made an explofion in its under port, as I had 
imagined it would, having previoufly difpofed it in a 
proper manner for that purpofe ; by which means the 
little animal fell. gently to the ground.” 

“ The day before yeiterday having repeated this 
experiment, at the town’s requelt, I prepared the globe 
in fuch a manner as to caufe an explofion in its aipper 
part, and added a parachute with two {mall dogs fixed 
toit, They went fo high that, notwithftanding the 
ferenity of the fky, the balloon was loft in its immenfe 
expanfe, Telefcopes of the beft fort became ufelefs, 
and I began to be apprchenfive for the death of the 
little animals, on account of the feverity of the cold. 
They defcended however about two hours after, quite 
fafe and well, in the town of Delitzfch, three miles 
from Leipfick. I went yefterday to claim them, aud 
found them again over the town in the air with the 
parachute. Such experiments had been already tried 
many times in the courfe of the day, and fome officers 
had thrown them from the top of a fleeple, in the fight 
of all the inhabitants of Delitzfch, from whence they 
defeended fafe.” 

We have lately heard of Mr, Blanchard’s 32d af- 
eenfion at Brunfwick in the month of Augu 1788, 
in which he much affifled his afcent by means of his 
wings. 

For fereral figures of balloons, fee plate r. 

Pradlice of Azxostation, The firll confideration 
in the pradlice of aeroftation, is the form and the fize of 
the machine. Various fhapes have been tried and pro- 
pofed, but the globular, or the egg-like figure, is the 
moft proper and convenient, for all purpofes ; and this 
form alfo will require lefs cloth or filk than any other 
fhape of the fame capacity ; fo that it will both come 
cheaper, and havea greater power of afcenfion. The 
bag or cover of an inflammable-air balloon, is beft made 
of the filk ftuff called luitring, varnifhed over. But 
for a montgelfier, or heated-air balloon, on account 
of its great fize, linen cloth has been ufed, lined within 
or without with paper, and varnifhed. Small balloons 
are made either of varnifhed paper, or fimply of paper 
unvarnifhed, or of gold-beater’s fikin, or fuch-like 
light fubRances. 
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With refpeé to the form of a balloon, it will be ne- 
ceflary that the operator remeniber the common pro- 
portions between the diameters, circumferences, fur- 
faces, and folidities of Ipheres; for inftance, that of 
different {pheres, the circumferences are as the diame- 
ters; that the furfaces ave as the fquares of the dine 
meters; and the folidities the cubes of the fame 
diameters: that any d its circumference as” 
7 to 22, oras 3 to 3} é therefore g times and £ 
of any diameter will be i ireumference; fo that if 
the diameter of a balloon i cet, its circumference 
willbe ire fect. And if the diameter be multiplied 
by the circumference, the product will be the furface 
of the fpfere 5 thus 35 multiplied by 110 gives 38r0, 
which is'the furface of the fame {phere in fquare feet : 
and if te farface be divided by the breadth of the 
fluff, in feet, which the balloon is to be made of, the 
quotient will be the number of fect in length neceffary 
to conflruct the balleon ; fo if the ftuff be 3 fect wide, 
then 3850 divided, by 3, gives 1283} fect, or 428 
yards nearly, the requifite quantity of fluff of 3 fect 
or one yard wide, to form the balloon of 35 feet dia 
+ Hence alio, by knowing the weight ofa given 
ficce of the ftuff, as of a fquare foot, or fquare yard, 
it is ealy to find the weight of the whole bag, namely 
by multiplying the furface, *in fquare feet or yards, by 
the weight of a fquare foot or yard: fo if each fquaré 
yard weigh 16 ounces or 1 pound, then the whole bag 
willweigh 428 pounds. Again, the capacity, or folid 
contents, of the fphere, will be found by multiplying 2 
of the furface by the diameter, or by taking 4) of 
the cube of the diameter; which gives 22458 cubie 
feet for the capacity of tlie faid balloon, that is, it 
will contain, or difplace, 22458 cubic feet of air. From 
the content and furface uf the balloon, fo found, is to 
be derived “its power or levity, thus: on an average, 
a cubic foot of common air weighs 1 ounce, and there- 
fore to the number 22458, which is the content of our 
balloon, adding its $th part, we have ‘2Gg50 ounces, 
or 1684 pounds, for the weight of the common air difs 
placed or occupied by the balloon. From this weight 
muft bé deducted the weight of the bag, namely 428 
pounds, and then there remains 1256 pounds levity of 
the balloon, without however confidering the contained 
air, whether it be heated air, or of the inflammable 
kind, If inflammable air be ufed, as it is of different 
weights, from { to ,% or 4; the weight of common 
air, according to the modes of preparing it, let us 
fuppofe for inflance that it is £ of the weight of com. 
mon air; then 3 of 1684 1s 261 pounds, which is the 
weight of the bay full of that air; which being taken 
from 1256, leaves 995 pounds for the levity of the 
balloon when fo filled with that inflammable air, or the 
weight which it will carry up, confifting of the car, 
the ropes, the paffengers, the neceffaries, and ballat. 
But if heated air be ufed; then as it is known from 
experiment that, by heating, the contained air is di- 
minifhed in denfity about one-third only, there‘ore 
from 1684, take J of itfelf, and there remains 1123 
for the weight of the contained warm air; and this 
being fubtraéted from 1256, leaves only 133 pounds 
for the levity -of the balloon in this cafe; which being 
too fmall to carry up the car, paffengers, &c, it thews 
that for thofe purpoles a larger balloon is ncceffary, on 
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Mentgolfier’s principles. But if ‘how, from’ the pre- 
ceding computation, it be required to find how much 
the fize of the balloon muft be increafed, that its levity, 
or power of afcenfion, may berequal to any given weight, 
as fuppofe 1000 pounds; then becaufe the levities are 
nearly as the cubes of the diameters, therefore the dia- 
meters will be nearly as the cube roets of the levities ; 
but the levities 133 and 1000 are nearly as 1 to 8, the 
cnbe roots of which are as 1 to 2, and confequehtly 
3:22:35: 70 feet, the diameter of a montgolfier, 
made of the fame thicknels of fluff as the former, 
capable of lifting 10c0 pounds. : 

‘On the fame principles we can eafily find the fize of 
a balloon that fhall juft float in air when mace of fluff 
of a given thicknefs or weight, and filled with air ofa 
given denfity ; the rule for which is this: ‘rom the 
weight of a cubic foot of common air, fubtraét that 
of a cubic fuot of the lighter or contained air; then 
divide 6 times the weight of a fquare foot of the ftuff, 
by the remainder ; and the quotient will be the diameter, 
in feet, of the balloon that will juft float at the furface 
of the earth. Suppofe, for inflance, that the materials 
ate as before, namely, the ftuff 1 pound to the fquare 
yard,’ or 4f ounces to the fquare foot, which taken 
6 times is 37; then the cubic foot of common air 
weighing 14 ounce, and of heated air 3 of the fame, 
whofe difference is; therefore 3% divided by 3, gives 
aes feet, which is the diameter of a montgolfier that 
_ will jeff float : but if inflammable air be ufed of } the 
weight of common air, the difference between 1} and % 
of it, is 13 by which dividing 4 or 10], the quotient 
js the fame 10% feet, which therefore is the diameter of 
an inflammable-air balloon that will jut float. And. 
if the diameter be more'than thefe dimenfions, the 
balloons will rife up into the atmofphere. 

The height age 3 to which a given ball6on will rife 
in the atmofphere, may be thus found, having given 
only the diameter of the balloon, and the weight which 
juft balances ity or that is juft neceffary to keep it from 
rifing : compute the capacity or content of the globe 
in cubic feet, and divide its refraining weight in 
ounces by that content, and the 





{Height | Denfity. 











quotient will be the difference be- | Heig 

tween the denfity or fpecific gravity {2 miles. 

of the atmofpbere at the earth’s fur- ° 1°200 
face and that at the height to which & | urq 
the balloon will rife; therefore fub- & | 1 085) 
tract that difference or quotient from 3} 1031 
i$ or 12, the denfity at the earth, 1 07980) 
and the retriainder will be the denfity 1y 07932! 
at that height: then the height an- 1d | 0886 
{wering to that denfity will be found 132 | 0°82 
fufficiently near in the annexed table. 2 o8cq) 
Thus, in the foregoing examples, in 2k | o76r 
which the diameter of the balloon is 2£ | 0723 
45 feet, its capacity 22458, and the 2} | 0687 
jevity of the firft one 995 pounds, or | 3 0°653 





15920 ounces, the quotient of the 
latter number divided by the former, is *709, which is 
the denfity at the utmoit height, and to which in the 
tableardwers alittlemore than2 miles,or2§ milesnearly, 
which therefore is the height to which the balloon will af- 
eend, And when the fame balloon was filled with heated 
ait, its levity was found equal to only 133 pounds,or 2128 
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ounces, then dividing this by 22458 the capacity, the 
quotient ‘095 taken from 1'200, leaves. 1105 for the 
denfity ; to which in the fable correfponds al half 
a mile, or nearer Z of a mile. And fo hig’ ry. 
would thefe balloons afcend, if they keep the¥ime 
figure, and lofe none of the contained air: or rather, 
thofe are the heights they would fettle at; for theif 
acquired velocity would firlt carry them above that 
height, fo far as tll all their motion fhould be deftroyed ; 
then they would: defcend and pafs below that height, 
but not fo much as they had gone above; after which’ 
they would re-afcend, and pafs that height again, but 
not fo far as they had gone below it; andio on for 
many times, vibrating alternately above and below 
that point, but always lefs and le(s every time. ‘The 
foregoing rule, for finding the height to which the 
balloon will afcend, is independent of the differegt 
ftates of the thermometer at that higheft point, and at 
‘the furface of the earth ; but for greater accuracy, in- 
cluding the allowances depending on the different lates 
of the thermometer, fee under the word ArMosPHERE, 
where the more accurate rules are given at large. 

The belt way to make up the whole coating of the 
balloon, is by different pieces or flips joined lengthways 
from end to end, like the pieces compofing the furface 
of a geographical globe, and contained between one 
meridian and another, or like the flices into which a 
melon is ufually cut, and fuppofed to be fpread flat 
out. Now the edges of fuch pieces cannot be exacily 
defcribed by a pair of compaifes, not being circular, 
but flatter. or lefs round than circular arches ; but if 
the flips are fufficiently narrow, or numerous, they will 
differ the lefs from circles, and may be deferibed as 
fuch. But more accurately, the breadths of the flip, at 
the feveral diftances froin the 
point to the middle, where it is 
broadeft, are direétly as the fines 
of thofe diftances, radius being 
the fine of the half length of the 
flip, or of the diftance of cither 
point from the middle of the 
flip; that is, If ACBD be one 
of the flips, AB being half the 
cireumference, or AL a qua- 
drant conceived to be equal to 
AC or AD; then will CD 
be to a J, as radius or the fine 
of AC, to the fine of Aa. So 
that if the quadrant AE or AC 
be divided into any number of 
equal parts, as here fuppofe 9, 
then divide the quadrant or 90 
degrecs by the number of parts 
9, and the quotient 10 is the 
number of degrees in each part’; 
and hence the arcs AC, Aa, Ac, &e, will be re- 
{pettively 90°, 80°, 70°, &c; and CD being radius, 
the feveral breadths a, cd, ef, &c, will be refpec- 
tively the fines of 80°, 70°, 60°, &c, which are heré 
placed oppolite. them, the radius being 1. Therefore 
when it 1s propofed to cut out flips for a globe of 
a given diameter; compite the circumference, and 
make AE or AC aquarter of that circumference, and 
CD of any breadth, as 3 feet, or 2 feet, or any other 
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coer. 'g then multiply each of the decimal numbers, 
ct oppofite the figure, by. that quantity, or breadth of 
‘fo hall the products be the feveral breadths ad, 
ca ; 
ae us fchemes have been devifed for eonduéting bal- 
loons in any direction, whether vertical or fideways, As 
tothe vertical direGtions, namely upwards or downwards, 
the means are obvious, viz. 1 order to afcend, the 
aeronaut throws out fome hallait; and that he may 
defcend, he opens a valve in the top of his machine 
* By means of a ftri to let fome of the gas efcape ; 
or if it be @ montgolfier, he increafes or diminifhes the 
fire, as he would afcend or defcend. But to direét the 
machine in a fide or hovizontal courle, is a very diffi- 
cult operation, and what has hitherto not been accem- 
plithed, except in a finall deyrecy and when the current 
of air is very gentle indeed. The difficulty of moving 
the balloon fideways, arifes From the want of wind 
blowing upon it; for as it floats along with the current 
of air, it ts relatively in a calm, and the aeronaut feels 
no more wind than if the machine were at reft in a 
perfect calm, For this reafon, any thing in the na- 
ture of fails can be of no ufe; and all that can be 
hoped for, is to be attempted by means of oars; and 
how fmall the effeét of thefe muft be, may eafily 
be conceived from the rarity of the medium againft 
which they muft aét, and the great magnitude of the 
“machine to be foreed through it. We can ealily 
affign what force is neceflary to move a given mae 
chine in the air with any propoftd velocity. From 
very accurate experiments [bas determined, that a 
glebe of 6} inches in diameter, and moving with a 
velocity ‘of 20 feet per fecond of time, fuffers a re- 
fiftance from the ‘air which is juit equal to the weight 
or preffure of one ounce Averdupois; and farther 
that with different furfuces, and the fame velocity, 
the refiftances are dire@ly proportional to the furface 
nearly, a double furfuce having a double refiftance, 
a triple furface a triple refiflance, and fo on; and alfo 
that with different velocities, the refiftances are pro- 
portional to the fquares of the velocities nearly, fo that 
a double velocity produced a quadruple refitance, and 
three times the velocity nine times the refiftanee, and 
fo on. And hence we can affign the refitance to move 
& giren balloon, with avy velocity. "Thus, take the 
balloon as before of 35 feet diameter ; then by compari- 
fon as above it is found that this globe, if moved with 
the velocity of 20 feet per fecond, oralmoft 14 miles per 
hour, will fuffer a refiftance equal t 271 pounds; to 
move’ it at the rate of 7 miles an hour, the refiftance 
will be 68 pounds; and to move it 34 miles an hour, 
the refiftance will be 17 pounds; and fo on: and with 
fuch force muft the aeronauts aét on the air in a con- 
trary direction, to communicate fuch a motion to the 
machine, And if the balloon move through a rarer 
part of the atmofphere, than that at the furface of the 
earth, as 4, or 3, &c, rarer, and confequently the refilt- 
anee be lefs in the fame proportion; yet the force of 
+ the oars will be diminifhed as much ; and therefore the 
fame difficulty ftill remains, In general, the aeronaut 
muft flrike the air, by means of his oars, with a force 
Jult equal to the refiftance of the air on the balloon, 
and therefore he mutt ftrike that air with a velocit 
which mutt be greater as the furface of the oar is le 
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than the-refifted furface of the globe, but not in the 
fame proportion, becaule the force isas the fquare of the - 
velocity, . 

Now feppofe the aeronaut aé with an oar equal to 
100 fquare feet of furface, to move the balloon above 
mentioned at the rate of 20 feet per fecond, or 14 miles 
an hour; then muft he move this oar with the great 
velocity of 62 feet per fecond, or near 43 miles per 
hour : and fo in proportion for other veloeities of the 
balloon, From whence it is highly probable, that it 
will never be in the power of man to guide fuch ma- 
chine with any tolerable degree of fuccefa, efpecially 
when any confiderable wind blows, which is almoft al- 
ways the fale. 

As forjefseronauts have thought of ufing parachutes, 
mad? fortthing like umbrellas, to break their fall, in © 
cafe of Any accident happening to the balloon, we fhall 
here confider the principles and power of fuch a ma- 
chine. Let us fuppofe a perfon wants to know what 
the fize of a parachute muft be, that he may defcend 
with it at the uniform rate of 10 feet in a fecond, which 
is nearly equal to the velocity he acquires by falling or 
leaping from the height only of 17 inches, and which 
it is-prefumed he may-do with fafety. Now in order 
to defcend with any uniform velocity, the refiftance of 
the air mult be equal to the whole weight that defcends : 
then fuppofe the weight of the aeronaut to be 150 
pounds, and that the parachute is flat, and, circular, 
and made of fuch materials as that every fquare foot of 
its furface weighs 2 ounces, and farther that the weight 
increafes in the fame proportion as the furface; then 
the diameter of the parachute neceflary to defcend with. - 
the moderate velocity of 10 feet per fecond, mutt be: 
upwards of 78 feet in diameter: but if the parachute 
be not a flat furface, but concave on the lower fide, its 

wer will be rather the greater, and the diameter may: 

fomewhat lefs- If it be required to know the power 
of a flat civcular parachute, or what refiftarice it meets 
with from air of a mean denfity, when defcending with 
a given velocity ; fay as the number 800 isto the {quare 
of the velocity in feet, fo is the fquare of the diameter 
in feet, to a fourth number, which will be the refift- 
ance in pounds. And hence, if it be required to-know 
with what velocity a parachute will defcend with a 
given weight ; fay as the given diameter is to the fquare 
root of the weight, fo is the number 28} to a fourth 
term, which will be the velocity when the defcent is in 
air of a mean denfity. So if the diameter of a ballooa 
be 50, and its weight together with that of a man be 
530 pounds, the fquare root of which is 23 very nearly ; 
thenas 50 : 23+: 283°: 13, fo that the man and para- 
chute will defcend with the velocity of 13 feet per fecond 5. 
which it is prefumed he may fafely do, as he would 
meet with a fhock only equal to that of leaping freely: 
from a height only of 2 feet 2 inches. : 

The methods of extraG@ing inflammable air from. 
various fubftances, for filling balloons, and for other. 
purpofes, may be feen under the words Air and Gas. 
And as to the methods of filling and conftrudting: 
balloons, being matters merely mechanical, they are 
omitted in this place. + 

Ample information however on thefe, and maay 
other particulars, may be met with in feveral books. 
expreisly written. on the fubject; as in Cavallo’s Hiftory 
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and Pradtice of Aeroflation, Bvo, 17853 in Baldwin’s 
Anropaidia, 8vo; 17863; &c : “7 
It has often been difcuffed, fays the former of thefe 
gentlemen, whether the preference fhould be given to 
machines railed by inflammable air, or to thole raifed 
by heated dir. Each of them has its peculiar advan- 
tages and difadvantages 3 a juft confideration of which 
feems to decide in favour of thofe made with inflam- 
mable air, ‘The principal comparatite advantages of 
tHe other fort are, that they do not require to be made 
of fo expenfive materials; that they are filled with 
‘ttle or no expence ; and that the combuftibles necef- 
fary to fill them are found almoft every where; fo that 
when the ftock of fuel is exhautted, the’aerqnaut ma 
defcend and recruit it again, in order to piodzed on his 
+ voyage. But then this fort of machines mu& be made 
Jarger than thé other, to take up the fameé,weight ; 
andthe prefence of a fire is a continual trouble, and a 
continual danzer: in fa&, among the many aerial 
voyages, that have been made and attempted with fuch 
maachines, very few have fucceeded without an incon- 
venience, or an accident ; and fome indeed have been 
attended with dangerous and even fatal confequences ; 
from which the other fort is ia a great meafure exempt. 
But, on the other hand, the inflammable air. balloon 
mutt-be made of a fubftance impermeable to the fubtle 
ga : the gas itfelf cannot be produced without a con- 
iderable expence 5 and it is not eafy to find the mate- 
rials and’apparatus neceffary for the produdtion of it 
in every place. However, it has been found that an 
inflammable-air balloon, of 30 feet in diameter, may be 
made fo clofe as to fultain two perfons, and a confider- 
able quautity of Lallait, in the air for more than-24 
hours, when properly managed ; and poffibly one man 
a be eos aetiae by the fame machine for three days: 
andvit is probable that the ftuff for thefe balloons may 
be fo far improved, as to be quite impermeable to, the 
gas, or very nearly fo; in which pa the machine, 
once filled, would continue to float for a long {pace of 
time, At Paris they have already attained to a great 
degree of perfe&tion in this point ; and {mall balloons 
- have been kept floating in a room for many weeks, 
‘without lofing any confiderable quantity of their levity: 
put the difficulty ‘lies in ‘the large machines: for in 
thefe, the weight of the ftuff itfelf, with the weight 
and flrefs of the ropes and boat, and the folding them 
up, may eafily crack and rub off the varnifh, and make 
them leaky. - 

In regard to philofophical obfervations, derivéd from 
the new Subject of aeroftation, there have been very 
few made; the novelty of the difcovery, and of the 
profpect enjoyed from the car of an aeroftatic machine, 
have commonly diftrafted the attention of the aeronauts; 
not to remark that many of the adventurers were in- 
adequate to the purpofe of making improvements in 
philofophy, being muftly influenced either by pecuniary 
motives, or the vanity of adding their names to the lilt 
of aerial travellers,—The agreeable ftillnefs and tran- 
quillity experienced aloft in the atmofphcre, have been 
matter of general obfervation. Some machines have 
afcended to a great height, as far, it has been faid, as 





two miles; and they have commonly paffed through — 


fogs and clouds, above which they have enjoyed the 
elear Behe heat of the fun, whilft the earth beneath 
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was adlually covered hy denfe clouds, which poured, 


down abundance of rain. In afcending very high, the 
aeronauts have often experienced a pain in their cars, 
arifing, it is fuppofed, from the internal aiv being not 
of the fame denfity as the air without ; but the pain 
ufually went off in a fhort time: and it feems that this 
effe&t ts fimilar to what is experienced by perfons who 
defcend by a diving-bell to confiderable depths in thz 
fea: I remember often to have Heard the late unfortu- 
nate Mr. Spalding, the celebrated diver, fpeak of this 
effet, with a marked and philofo accuracy : after 
defcending two or three fathoms the furface, he 
began to feel a pain in his ears, which gfadually in- 
creafed to a very great degree if the defcent was tuo 
quick ; his method was therefore to defcend flowly, and 
to make a ftop for fome minutes at the depth of 5 fa> 
thom, which is equal nearly to the preffure of the at~ 
mofphere, and where confequently the air in his bell 
was of double the denfity of common air at the furface 5 
after ca anal awhile, his ears, as he expreffed it, 
gave a crack, and he was fuddenly relieved of the pain. 
He then defcended 5 fathoms more, with the fame 
fymptoms, and the fame effet: and fo on continually, 
from one five fathoms to another, defcending leifurely, 
and flopping a little at each itage, to give time for his 
conttitution to adapt itfelf to the degree of condenfation 
of the air ; after which he felt no more inconvenience, 
till he came to afcend again, which was performed with 
the fame caution and circumftances. | One experiment 
is recorded, in. which the air of a high region, being 
brought down; and examined by means of nitrous air, 
was fund to be purer than the air below. The tem- 
perature of the upper regions too, it has been found, is 
much colder than that of the air near the earth; the 
thermometer, in fome aeroftatic machines, having de+ 
fcended many degrees below the freezing point of water, 
while it was confiderably higher than that degree at 
the earth’s furface. 
JESTIVAL, fee Estivay. 


AESTUARY, or Estuary, in Geography, an arm. 


of the fea, running up a good way into the land. Such 
as Briftol channel, many of the friths in Scotland, and 
fuch like. : 

JETHER, fee Erutr. 

AVFECTED,. or Aprectrsp, Equation, in 
Algebra, is an equation in which the unknown quantity 
rifes to two or more feveral powers or degrees, Such, 


for example, is the equation «3 — fa? + gx =r, in . 


which there are three different powers of x, namely, 
23, «7, and x. 

The term, affected, is alfo ufed fometimes in- alge- 
bra, when {peaking of quantities that have co-efficients. 

Thus in the quantity 2a, a is faid to be affected with 
the co-efficient 2. ae 

Iris allo faid, that an algebraic quantity is affected 
with the fign + or —, or with a radical fign ; meanin 


no more than that it has the fign 4- or —, or that it 


includes a radical fign.. 
The term adfeéted, or affected, I think, was intro- 
duced by Vieta. 
_ AFFECTION, Ae panty a term ufed by fome 
ancient writers, fignifying the fame as property. 
AFFECTION. Php athe sifections lof body. 
are certain modifications occafioned or induced by 
ied motion ; 


‘ 
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thotion ; in virtue of which the body is difpofed after 
fuch, or fuch a manner, : 

The affetions of budies, are fometimes divided into 
primlby and fecondary. 

Primary Afetiions, ave thofe which arife either out 
‘of thé’ idea of matter, as magnitude, qaantity, and 
figure ; or out of the idea of form, ‘as quality and 
power; or out of both, as motion, place, and tite. 

Secondary, or derivaiive Afedions, are fuch as arife 
out of primary ones, as divifibifity, continuity, conti- 


* guity, &c, which grife out of quantity; regularity, ir- 


regularity, &c, which arife out of figure, &c. : 

AFFIRMATIVE Quantity, or Positive 
pat one which ts to be added, or taken 
effectively ; in contradiitingtion to one that is to be fub- 
tradted, or taken defectively—‘The term affirmative 
was introduced by Vieta. 

Arrirnmative Sicy, or Positive Sign, in. Alge- 
bra, the fign of addition, thus marked -+, and is called 
plus, or more, ov added tn, When fet before any fingle 
quantity, it ferves to denote that it is an affirmative or 
a pofitive quantity ; when fet between two or more 
quantities, it denotes their dum, thewing that the latter 
are to beadded to the former, So + 6, and + a, and 
+ AB, are affirmative quantities; atio + 6 +8 4 
10 denote the fum of 6, 8, and 10, which is 24, and 
are read thus, 6 plus ¥ plus 10. Alfo a +6 + ¢de- 
note the fum of the quantities reprefented by a, 6 and v, 
when added together. It feems now not eafy to afcer- 
tain with certainty, when, or by whom, this fign was 
fir introduced ; but it was probably by the Germans, 
as I find it firft ufed by Stifelius in his Arithmetic, print- 
ed in 1544, f 

‘The early writers on Algebra ufed the word plus in 
Latin, or piu in Italian, for addition, and afterwards 
the initial p only, as a contradtion; like as they ufed 


minus, or meno, or the initial m only, for fubtraGtion :* 


and thus thefe operations were denoted in Italy by 
Lucas de Burgo, Tartalea, and Cardan, while the figns 
++ and ~ were employed much about the fame time 
in Germany by Stifelius, Scheubelius, and others, for 
the fame operations, 

AGE, in Chronohgy, is ufed for a century, being 
a fyitem or a period of a hundred years. 

Pircpologite alfo divide the time fince the creation 
of the world into three ages: The firft, from Adam 
till Mofes, which they call the age of nature; the fe- 


+ cond from Mofes to Jefus Chrift, called the age of the 


law; and the third, or age of grace, from Jefus Chrift 
till the end of the world. : 

Ace of the Moon, in Aftronomy, is the number of 
days elapfed fiace the laft new moon. To find the 
moon’s age, for any time nearly, for ordinary ufes ; 
add together the epaét, the day of the current month, 
and the number of months from March to the prefent 
month inclufive ; the fum is the moon’s age: but if 
the fum exceed 29, deduét 2g from it in months that 
have 30 days, or 30 in thofe that have 31 and the re- 
inainder will be the age.—At the end of 1g years the 
moon’s age returns upon the fame day of the month, 
but falls a little fhort of the fame hour of the day. 


AGENT, gens, in Phyfics, that by which a thing - 


is done or effeCted ; or any thing having a power by 
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which it a€&s on another, called the patient, or by its 
aétion induces fome change in it. 

AGGREGATE, the fum or refult of feveral things 
added together. See Sum, . 

AGITATION, in Phy/ics, a brifk inteftine motion, 
excited among the particles of a body. Thus fire agi- 
tates the fubtleft particles of bodies. Fermentations, 
and cffervefcences, are produced by a brifkk agitation of 
the particles of the fermenting body. 

AGUILON (Franeis),or Aquiton, was ajefuit 
of Bruffels} and profeflor of philofophy at Doway, and 
of theology at Antwerp. He was one of the firft 
that introd :egd mathematical fludies inte Flanders. He 
wrote a larg? work on Optics, in 6 books, which was 
publithed x7 folio, at Antwerp, in 1613; and a treatife 
of Projethons of the Sphere. He promifed alfo to treat 
upon Cateptrics and Dioptrics, but this was prevented” 
by his death, which happened at Seville, ia the year 
1617. $ 

AIR, in Phyfics, a thin, fluid, tranfparent, elattic, 
compreffible, and dilatable kody, which furrounds this 
terraqueous globe, and covers it to a confiderabl: 
height. mee 

Some of the ancients confidered air as an element, 
namely, one of the four clements, air, earth, water, 
and fire, of which they conccived all bodies to be com- 
pofed; and though it be certain that air, taken-in the 
common acceptation, be far from the fimplicity of an 
elementary fubftance, yet fome of its parts may pro- 
perly be fo called, So that air may be diflinguifhed 
into proper or elementary, and vulgar or héeterogene- 
ous, ; 

Elementary Air, or dir properly fo called, is a fub- 
tle, homogeneous, elaftic fluid; ‘being the bafis, or 
fundamental ingredient, of the whole-air of the atmo- 
fphere, from which it takes its name. And in this 
fenfe Dr. Hales, and other modern philofophers, con- 
fider it as entering into the compofition of moft, or 
perhaps all bodies; exifting in them in a folid flate, 
devoid of its elafticity, and mott of its diftinguifhing 
properties, and ferving as their cement ; but, by certain 
proceffes, eapable of being difengaged from them, re- 
covering its elafticity, and refembling the air of our at-' 
mofphere. . 

The particular nature of this aerial matter we know 
but little about : what authors have faid concerning it 
being chiefly conjectural. There is no way of exa- 
mining air pure and defecated from the feveral matters 
‘with which it is mixed; and confequently we cannot 
pronounce what are its peculiar properties, abitractedly 
from other bodies. 

Dr. Hook, and fome others, maintain that it is the 


fame with the ether, or that imaginary fine, fluid, 


adtive matter, conceived to be diffufed through the 
whole expanfe of the celeftial regions ; which comes to 
much the fame thing as Newton’s fubtle medium, or 
fpirit. In this fenfe it is fuppofed to be a body /ui 
generis, incorruptible, immutable, incapable of being 

generated, but prefent im all places, and in all bodies. 
Other philofophers place its effence in elatticity, 
making that its diftinétive charater. Thefe fappofe 
that it may be generated, and that it is nothing elfe 
but the matter’ of other bodies, rendered by the 
; changes 


AIR 


changes it has undergone, fufceptible of a permanent 
elaiticity. Mr. Boyle produces a number of experi- 
iments, which he made on the production of air, that 
is, according to him, the extraction of a fenfible quan- 
tity of air irom a body in which there appeared to be. 
little or none at all, by whatever means this may be 
effeGed. He obferves that among the different methods 
for this purpofe, the chief are fermentation, corrofion, 
diffolution, decompofition, ebullition of water and 
other fluids, the reciprocal ation of bodies, efpecially 
Aaline ones, upon one another; he adds, thit different 
folid and mineral bodies, in the parts of which no 
clatticity could be conceived to exift, beikg plunged 
into corrofive mediums, which alfo are q&jti unelattic, 
will, by the attenuation of their parts frow\y their mu- 
tual collifion, produce a confiderable quantity of elaf- 
tic air. 

Sir Ifaac Newton is of the fame opinion, according 
to whom the particles of a denfe compact fixed fub- 
france, adhering to each other by a powerful attrac- 
tive force, cannot be feparated but by a violent heat, 
and perhaps never without fermentation ; and thefe 
bodies, rarefied by heat and fermentation, are finally 
transformed into a truly permanent elaftic air. On 


thefe principles, he adds, gunpowder produces air on 
explofion. Optics, Qu. 31, &c. 
Common, or heterogeneous AiR, is an affemblage of 


torpufcles of various kinds, which together conititute 

one fluid mafs, in which we live and move, and which 

we conftantly breathe ; which compound mafs altoge- 
* ther, is called the atmofphere. 

In this popular and extenfive meaning of the term, 
Mr; Boyle acknowledges that air is the moft heteroge- 
neous body inthe univerfe ; and Boerhaave proves thse 
jt is an univerfal chaos, a mere jumble of all fpecies of 
treated things. Befides the matter of light or fire, 
which continually flows into it from the celettial bodies, 

_ ‘and perhaps the magnetic effluvia of the earth, whatever 
fire can volatilize muft be found in the air. 

Hence, for inftance, 1. All forts of vegetable matter 
mutt be contained in the air; being either exhaled from 
plants growing all over the face of the earth, or rendered 
volatile by pntrefaction, not excepting even the more 
folid and vafcular parts of them. 

"2. It is no lefs certain that the air muft contain par- 
ticles of every fubftance belonging to the animal king~ 
dom. For the copious emanations which are perpe- 
tually iffuing from the bedies: of animals, in the per- 
fpiration conftantly kept up by the vital heat, are ab- 
forbed by the air; and in fuch quantities too, during 
the courfe of an animal life, that, could they be recol- 
leéted, they would be fufficient to compofe a good 
yound number of the like animals. And befides, when 
a dead animal continues expofed to the air, all its par- 
ticles evaporate, and are quickly diffipated ;. fo that the 
fabftance which compofed the animal, is almoft wholly 
incorporated with the air. 

3. The whole foffil kingdom mutt neceffarily be 
found in the atmofphere 5 for all of that kind, as falte, 
fulphurs, ftones, metals, &c, are convertible into furie, 
and muft confequently take place among aerial fub- 
flances. Gold itfelf, the moft fixed of a nattiral bo- 
dies, is found among ores, clofely adhering to fulphurs 
in mines, and fo is raifed along with the mineral. 
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Of all the efhanations which float in the vail ocean 
of the atmofphere, perhaps the principal are fuch as 
confitt of faline particles. Many writers fuppole that 
they are of a nitrous kind ; but itis probable that they 
are of all forts, as vitriol, alum, marine falt, and many 
others, And Mr. Boyle thinks that there may be 
great quantities of compound falts, not to be met with 
on or in the bowels of the earth, formed by the for~ 
tuitous concourfe and mixture of different faline fpirits. 

We often find the” window-glafs of old buildings 
corroded, as if eaten by worms; though we know of 
a particular falt that is capable of producing fuch an 
effect. 

Solphurs too matt make a confiderable portion of this 
compound mals, on account of the many volcanos, grotts, 
caverns, and mines, difperfed over the face of the globe. 

Finally, the various attritions, feparations, diffolu- 
tions, and other mutual operations of matter of differ 
ent forts upon one another, may be regarded as the 
fources of many other neutral, or anonymous bodies 
unknown to us, which rife and float in the air. 

Air, taken inthis extenfive fenfe, is one of the mot 
general and confiderable agents in nature; being con- 
cerned in the prefervation of animal and vegetable 
Hife, and inthe production of moft of the phenomena 
that take place in the matertal world. 

Its properties and effects, having been the principal 
objets of the refearches and difcoveries of moders 
philofophers, have been reduced to precife laws and 
demonitrations, forming no inconfiderable branch of 
mixed mathematics, under the titles of Pneumatics, 
Acrometry, &e. 

Mechanical Properties and Effedis of Arr. Of thefe 
the molt confiderable are its fluidity, its weight, and 
its clafticity. 

1. Lts Puidity. ~The great fluidity of the air is 
manifelt from the great facility with which bodies tra~ 
verfe it ; as in the propagation of, and eafy conveyance 
it affords to, founds, odours and other effluvia and ema-~ 
nations that efcape from bodies: for thefe effets prove 
that it is a body whofe parts give way to any force, and 
in yielding are eafily moved amongtt themfelves ; which 
is the definition of a fluid. That the air isa fluid is alfo 
proved from this circumftance, that it is found to exert 
an equal preffure in all direétions; an effect which 
could not take place otherwife than from its extreme 
fluidity. Neither-bas it been found that the air can be 
deprived of this property, whether it be kept for many 
years together confined in glafs veflela, or be expofed 
to the greateft natural or artificial cold, or condenfed 
by the moft powerful preffure ; for in none of thefe 
circumftances has it ever been reduced to a folid ftate. 
It is true indeed that real permanent air may be ex- 
traGted from folid bodies, and may alfo be abforbed by 
them ; and we alfo know that in this cafe it mutt be 
exceedingly condenfed, and reduced to a bulk many 
hundred times lefs than in its natural ftate: but in what 


form it exifts in thofe bodies, or how their particles are * 


combined together, is a myftery which remains hitherto 

inexplicable. f 128 
hofe philofophers whe, with the Cartefians, make 
fluidity to confit in a perpetual inteftine motion of the 
parts, think they can prove that. this charaGter belongs 
to air: thus, in a darkened room, where the reprefen- 
tations 
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‘tations of external objets are introduced by a fingle 

> yay, the corpufcles with which the air is replete, are 
feen-to be in a continual flu€tuation, Some moderns 
attribute the fluidity of the air, to the fire which is 
intermiged with it ; without which, fay they, the whole 
atmofphere would harden into a folid impenetrcble 
maf :,and indeed it mut be allowed that the more fire 
it contains, the greater will its fluidity, mobility, and 
permeability be ; and according as the different pofi- 

, tions of the fun augment or diminifh the degree of 
fire, the air always receives a proportional temperature, 
and is kept in a continual reciprocation. 

2. dis Weight or Gravity.—The weight or gravity 
of the air, is a property belonging to it asa body; 
for gravity is a property effential to matter, or at leaft 
a property found in all bodies, But independent of 
this, we have many dire&t proofs of its gravity from 
fenfe and experiment : thus, the hand laid clofe upon 
the end of a veffel, out of which the air is drawn at 
the other end, foon feels the load of the incumbent at- 
mofphere: thus alfo, thin glafs veffels, exhauited of 
their air, are eafily crufhed to pieces by the weight of 
the external air: and fo two hollow fegments of a 
{phere, 4 inches in diameter, exaétly fitting each other, 
being emptied of air, arc, by the weight of the ambient 
air, prefled together with a force which requires the 
weight of 188 pounds to feparate them ; and that they 
are thus forcibly held together by the preffure of the 
air, is made evident by fufpending them in av éexhaufted 
receiver, for then they quickly Pacis of themfelves, 
and fall afunder. Again, if a tube, clofe at one end, 
be filled with quickfilver, and the open end be immerged 
in a bafon of the fame fluid, and fo held upright, the 
quickfilver in the tube will be kept-raifed up in it 
to the height of about 30 inches above the furface of 
that in the bafon, being fupported and balanced by the 
preflure of the external air upon that furface: and that 
this is the caufe of the fufpenfion of the quickfilver in 
the tube, is made evident by placing the whole appara~ 
tus under the receiver of an air-pump; for then the 
fluid will defcend in the tube in proportion as the re- 
ceiver is exhaufted of its air; and then on gradually 
letting in the air again, the quickfilver reafcends to its 
former height in the tube: and this is what is called, 
from ‘its inventor, the Terricellian. experiment. Nay 
farther, air can actually be weighed like any other 
body ; for a rigid veffel, full even of common air, by a 
nice balance is found to weigh more than when the air 
is exhaufted from it; and the effe€t is proportionally 
more fenfible, if the veflel be weighed full of condenfed 
air, and more ftill if it be weighed in a receiver void 
of air. 

But although we have innumerable proofs of the 
gravitating property of the air, yet the full difeovery 
of the laws and circumftances of it are cettainly due 
to. the moderns. It cannot indeed- be denied, that 
feveral of the ancients had fome confufed notions about 
this property: thus Ariftotle fays that all the elements 
have gravity, and even air itfelf; and as a proof of it, 
fays that a bladder inflated with air, weighs more than 
the fame when empty ; and Plutarch and Stobseus quote 
him as teaching that the air in its weight is between 
that of fire and of earth; and farther, he himfelf, 
treating of refpiration, reports it as the opinion of 
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Empedocles, that he afcribes the caufe of it to. the 
weight of the airy. which by its preffure forces itfelf 
into the lungs; and much in-the fame way are the feny 
timents of Afclepiades exprefled by Plutarch, who ré=_. 
prefents hits as faying, among other thingg, that the 

~ external air, by its weight, forcibly opened its way into 
the breaft. But nevertheleis it is certain, however un- 
reafonable it may feem, that Ariftotle’s followers de- 
parted in this inflance ‘from their matter, by afferting 
the contrafy for many ages together. Indeed many of 
the phenonena arifing from this property, have been 
remarked fim the higheft antiquity. Many centuries 
fince, it wa known that by fucking the air from an 
open pipe,’ having its extremity immerfed in water, 
this fuid rs above its level, and occupies the place 
of the airy In confequence of fuch obfervations, fuck- 

- ing pumps were contrived, and various other nydraulic 
machines ; as Heron’s fyphons, deferibed in bis Spiri- 
talia or Pneumatics, and the watering-pots known in 
Arillotle’s time under the name of cépfpdra, which 
alternately Nop or run as the finger clofes or opens their 
upper orifice. Indeed the reafon affigned, by philofo- 
phers many ages after, for this phenomenon, was @ pre+ 
teuded horror that nature conceives for a vacuum, 
which, rather then endure it, makes a body afcend con- 
trary to the powerful folicitation of its gravity. Evert 
Galileo, with all his fagacity, could not for fome time 
hit upon any thing more fatisfactory ; for he only 
affigned a limit to this dread of vacuity: having ob- 
ferved that’ fucking pumps would not raife water 
higher than 16 brafles, or 34 _Englith feet, he limited 
this abhorring force of nature, to one that was equiva- 
lent to the weight of a column of water 34 feet high, 
on the fame bafe as the void fpace. Confequently he 
pointed out a way of making a vacuum, by means of 
a hollow cylinder, whofe pifton is charged with a weight 
fufficient to detach it from the clole bottom turned 
upwards: this effart he called the meafure of the force 
of vacuity, and made ufe of it for explaining the co- 
hefion of the parts of bodies. 

Galileo however was well apprifed of the weight of 
the air as a body: in his Dialogues he thews two ways 
of demonftrating it, by weighing it in bottles: the 
tranfition was eafy from one difcovery to another: yet 
ftill Galileo’s knowledge of the matter was imperfect, 
that is, a8 to the particular inftance of the fufpenfion 
of a fluid above its level, by the preffure of the external 
air. 

At length Torricelli fell upon the lucky guefs, that 
the counterpoife which keeps fluids above their level, 
when nothing preffes upon their internal furface, is the 
mafs of air refting upon the external one, He difco-- 
vered it in the following manner: In the year 1643 
this difciple of Galileo, on occafion of executing an 
experiment on the vacuum formed in. pumps, above 
the column of water, when it exceeds 34 feet, thought 
of ufing fome heavier fluid, fuch as quickfilver. e 
conceived that whatever might be the caufe by which 
a column of water of 34 feet high is fuftained above 
its level, the fame force would fuitain a column of any 

other fluid, which weighed as much as that column of 
water, on the fame bafe; whence he concluded that 
quickiilver, being about 14 times as heavy as water, 
would not be fuftained higher than 2g or 30 inches. 

He 
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He therefore took a glafs tube of feveral feet in length, 
fealed it hermetically at one end, and filled it with quick- 
filver; then inverting it, and holding it upright, by 
prefling his finger againft the lower or open orifice, he 
immerled that end ina vellel of quickfilver ; then re- 
moving his finger, and fuffering the fluid to run out, 
the event verified his conjecture ; the quickfilver, faith- 
fal to the laws of hydroftatics, defcended till the column 
of it was about 30 inches high above the furfyce of that 
in the veffel below. And hence Torricelli concluded 
that it was no other than the weight of the air incum- 
bent on the furface of the external quickiiver, which 
counterbalanced the fluid contained in the tt be. 

By this experiment Torricelli not only Spréved, what 
Galileo had done before, that the air had vajjght, but 
alfo that it was its weight which kept water aad quick- 
filver raifed in pumps and tubes, and that the weight 
of the whole column of it was equal to that of a like 
column of quickfilver of 30 inches high, or of water 
34 or 35 feet high; but he did not afcertain the weight 
of any particular quantity of it, as a gallon, or a cubic 
foot of it, nor its {pecific gravity to water, which had 
been done by Galileo, though to be fure with no great 
accuracy, for he only proved that water was more than 
400 times heavier than air, 

Torricelli’s experiment became famous in a fhort time, 
Father Merfenne, who kept up a correfpondence with 
molt of the literati in Italy, was informed of it in 1644, 
and communicated it to thofe of France, who prefently 
repeated the experiment : Meflrs. Pafcal and Petit made 
it firft, and varied it feveral ways ; which gave occafion 
* #0 the ingenious treatife which Pafcal publithed at 23 
years of age, intitled Expericnces Nouvelles touchant la 
Puide, In this treatife indeed he makes ufe of the old 
principle of figu vacui ; but afterwards getting fome 
notion of the weight of the air, he foon adopted Tor- 
ricelli’s idea, and devifed feveral experiments to confirm 
it. One of thefe was to procure a vacuum above the 
refervoir of quickfilver; in which cafe he found the 
eolums fink down to the common level: but this ap- 
pearing to him not fufficiently powerful to diffipate the 
ee of the ancient philofophy, he prevailed on 

. Perier, his brother-in-law, to execute the famous 
experiment of Puy-de-Domme, who found that the 
height of the qvickfilver half-way up the mountain was 
lefs, by fome inches, than at the feot of it, and ftill lefs 
at the top: fo that it was now put out of doubt that 
it was the weight of the atmofphere which counter- 
poifed the quickfilver. 

Des Cartes too had a right notion of this effect of 
the air, to fultain Auids above their level, as appears by 
fome of his letters about this time, and fome years be- 
fore ; and in one of thofe he lays claim to the idea of 
the Puy-de-Domme experiment : After having defired 
M. de ‘Careavi ‘to inform him of the fuccefs of that 
experiment, which public rumour had advertifed him 
had been. made by M. Pafcal himfelf, he adds, “ I 
had reafon to expect this from him, rather than 
from you, becaufe I firft propofed it to him two years 
fince, affuring him at the fame time, that although I 
had not tried it, yet I could not doubt of the confe- 
quence; but as he is a friend of M. Roberval, who 
profeffes himfelf no friend to me, I fuppofe he is guided 
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by that gentleman’s paffions.” See more of this hif- 
tory under BAROMETER, 

As to the actual weight of any given portion of 
common air, it fecms that Galileo was the firft. who 
determined it experimentally ; and he gives two ditfer- 
ent methods, in his Dialogues, for weighing it in bat- 
tles: he did not however perform the experiment very 
accurately, as he ftated from the fult that the gravity 
of water was to that of air ra¥i ove 400 to Te 

A quantity of air was next weighed by Merfenne in 
a very ingenious mahner. His idca was to weigh a 
yeffel both when full of air, and when emptied of it: 
to make the vacuum for this purpofe, he knew no bet- 

eter way than by expelling the air out of an eolipile by 
heating it red hot: by weighing it both when cold 






and hot, he found a certain difference which however - 


was not the exaé weight of that capacity of air, bee 
caufe the vacuum was not perfed. But by plunging 
the colipile, when red hot, into water, jut fo much 


water entered as was equal in bulk to the air that had, 


been expelled ; then he took it out and weighed it 
with the water, which gave the weight of the fame bulk 
of water; and on comparing this with the former dif- 
ference, or weight of air expelled, he found their pro- 
portion to be as 130 to 1. Which is as wide of the 
truth as Galileo’s proportion, namely 400 to 1, but the 
contrary way. And it is remarkable that the mean 
between the two, namely 850 to 1, is very near the 
true proportion as fettled by other more accurate expe- 
uments, 

Mr. Boyle, by a more accurate experiment, found the 
proportion to be that of 938 to !. And Mr, Hankf- 
bee found it as 850 to 1, proceeding on the fame prin- 
ciples as Merfenne, with a three-gallon glafs bottle, 
but extraéting the air out of it with the air pump, in- 
ftead of expelling it by five ; the height of the barome- 
ter being at that time 29°7 inches. Alfo by other ac. 
curate experiments made before the Royal Society by 
Mr. Haukfbee, Dr. Halley, Mr. Cotes, and others,, 
the. proportion was always between 800 and goo to 1, 
but rather nearer the latter, namely, being firit found 
as 840 to 1, then as 852 tol, and a third time a9 860 
to 3 the barometer then ftanding at 293 inches, and 
the weather warm. Mr. Cavendifh determincs the 
ratio 800 to 1, the barometer being 293, and the ther- 
mometer at 50°; and Sir George Shuckburgh, by a 
very accurate experiment, finds it 836 to 1, the barome- 
ter being at that time at 29°27, and the thermometer 
at 51%. And the medium of all thefe is about 832 or 
or 833 to 1, when reduced to the preffure of 30 inches 
of the barometer, and the mean temperature 55° of the 
thermometer. Upon the whole therefore it may be 
fafely concluded that, when the barometer is at 30 
inches, and the thermometer at the mean temperature 
55° the denfity or gravity of water is to that of air, ae 
833} to 1, that is as +4°° to 1, or as 2500 to 33 and 
that for any changes in the height of the barometer, 
the ratio varies proportionally ; and alfo that the denfity 
of the air isaltered by the g4ath part for every degree 
of the thermometer above or below temperate. 

"This number, which isa very good medium among 
them all, I have chofen with the fraGtion 3, becaufe it. 
gives cxaG@tly 14 ounce for the mean weight. of a pn 
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feot of air, the weight of the cubic foot of water be- 
ing juft 1000 ounces averdupois, and that of quickfilver 
equal to 13600 ounces. 

‘Air, then, having been fhewn to be a heavy fluid fub- 
flance, the laws of its gravitation and preffure mutt be 
the fame as thofe of water and other fluids; and con- 

. fequently its preffure mult be proportional to its per- 
endicular altitude. Which is exagtly conformable to 
experjment ; for on removing the Terricellian tube to 
diferdue heights, where the column of air is fhorter, the 
column of quickfilver which it futtains is. fhorter alfo, 
and that nearly at the rate of 100 fect for 5 of an 
inch of quickfilver. And on.thefe principles depend the 
ttractur@ and we of the barometer. 

And from the fame principle it likewife follows that 
air, like other fluids, preffes equally in all directions. 
And hence it happens that foft bodies endure this pre 
fere without change of figure, and hard or brittle 
bodies without breaking ; being equally preffed on all 
parts; but if the preffure be taken off, or diminifhed, 
on one fide, the” effcét of it is immediately perceived 
on the other, See Armosrners, for the total quan- 
tity of effeéts and preffure, and the laws of different 
altitudes, &c. 

Trom the weight and fluidity of the air, jointly con- 
fidered, many effe@ts and ufes of it may ealily be de- 
duced. By the combination of thefe two qualities, it 
clofely invefts the earth, with all the bodies upon it, 
conflringing and binding them down with a great force, 
namely a preffure equal to about 15 pounds upon every 
fquare inch, Hence, for example, it prevents the arte- 
tial veffels of plants and animals from being too much 
diftended by the impetus of the circulating juices, or 
by the elattic force of the air fo copioufly abounding 
in them. For hence it happens, that on a diminution 
of the preffure of the air, in the operation of cupping, 
we fee the parts of the body grow tumid, which caufes 
an alteration in the circulation of the fluids in the ca- 
pillaty veffels. And the fame canfe hinders the fluids 
from tranfpiring through the pores of their containing 
veffels, which would otherwife caufe the greateit debility, 
and often déftroy the animal, ‘To the fame two qua- 
lities of the air, weight and fluidity, is owing the mix- 
ture of bodies contiguous to one another, efpecially 
fluids 5 for feveral liquids, as oils and falts, which readily 
mix of themfelves in air, will not mix at all in vacuo. 
With many other natural phenomena. 

3+ Elaflicity, Another quality of the air, from 
whence arife a multitude of ¢ffeéts, is its elafticity ; a 


quality by which it yields to the preflion of any other, 


bodies, by contraéting its volume ; and dilates and ex- 
pands itfelf again on the removal or diminution of the 
preflure, This quality is the chief diftin@ive property 
i air, the other two being common to other fluids 
alfo, 

OF this property we have innumerable inftances. 
Thus, for example, a blown bladder being fqueezed 
in the hand, we find a fenfible refitance from the in- 
cluded air; and upon taking off the pteffure, the com- 
prefled parts immediately reftore themfelves to their 
former round figure. And-on this property of elafti- 
city depend the ftructure and ufes of the air-pump. 

Every particle of air makes a continual effort to 
dilaty itt, and fo it adits forcibly again all the neigh- 
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bouring particles, which alfo exert the like force in 
return ; but if their refiftance happen to ceafe, or be 
weakened, the particle immediately expands to“an im- 
menfe extent. Hence it is that thin glafs bubbles, or 
bladders, filled with air, and placed under the receiver 
of an air-pump, do, upon pumping out the air, burft 
afunder by the force of the air which they contain, So 
likewife a clofe flaccid bladder, containing only a fmall 
quantity of air, being put under the recetver, {wells as 
the receigér is exhaufled, and at length appears quite 
full. And&the fame thing happens by carrying the 
flaccid blagler to the top of a very Ligh mountain. 

‘The fam experiment thews that this elatie property 
of the air is yery different from the clafticity of folid 
bodies, and that thefe are dilated after a different man- 
ner from fie air. For when air ceafes to be compreffed, 
it not onl} dilates, but then occupies a far greater {pace, 
and exits under a volume immenfely greater than be- 
fore ; whereas folid elattic bodies only refume the figure 
they had before they were compreffed, 

It is plain that the weight or preffure of the air does 
not at all depend on its elalticity, and that it is neither 
more nor lefs heavy than if it were not at all elaftic. 
But from its being elattic, it follows that it is fufcepti+ 
ble of a preffure, which reduces it to fuch a {pace, that 
the force of its elatticity, which re-aéts againft the 
prefling weight, is exa¢tly equal to that weight. Now 
the law of the elafticity is fuch, that it increafes in 
proportion to the denfity of the air, and that its denfit 
increafes in proportion to the forces or weights whic 
comprefs it, But there is a neceflary equality between: 
ation and re-a&tion ; that is, the gravity of the airy 
which effects its comprefhion, and the elatticity of it, 
which gives it its tendency to expanfiop, are equal. 

So that, the elafticity increafing or diminifhing, in 
the fame proportion as the denfity increafes or dimi+ 
nifhes, that is, as the diftance between its particles des 
creafe or increafe; it is no matter whether the air be: 
compreffed, and retained in any f{pace, by the weight 
of the atmofphere, or by any other caufe ; asin either 
cafe it muft endeavour to expand with the fame force, 
Aind therefore, if fuch air as is near the earth be in« 
clofed in a veffel, fo as to have no communication with 
the external air, the preffure of fuch inclofed air will 
be exaétly equal to that of the whole- external atmo- 
fphere. And accordingly we find that quickfilver is 
fuftained to the fame height, by the clattic force of 
air inclofed ina glafs veffel, as by the whole preffure of 
the atmofphere.—And on this principle of the conden- 
fation and elafticity.of the air, depends the fruure 
and ufe of the air-gun. 

That the denfity of the air is always dire@tly pro- ° 
portional to the force or weight which compréffes it, 
was proved -by Boyle and Mariotte, at leaft as far as 
their experiments go on this head: and Mr. Mariotte. 
has fhewn that the fame rule takes place in condenfed 
air. However, this rule is not to be admitted as {crupu- 
loufly exact ; for when air is very forcibly compreffedy. 
fo _as to be reduced to 4th of its ordinary bulk, the 
effect does not anfwer precifely to the rule ; for in thie 
cafe the air begins to make a greater refiitance, and re- 
quires a ftronger compreffion, than according to the 
rule. And hence it would feem, that the particles of 
air cannot, by means of any poffible weight or preffure, 
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how great foever, be brought into perfe& contact, or 
that it cannot thus be réduced to a folid mafs 5 and cone 
fequently that there muft be a limit to which this con 

denfation of the air can never arrive. And the fame 
remark is true with regard to the rarefaétion of air, 
namely, that in very high degrecs of rarefaGtion, the 
elafticity is decreafed rather more than in proportion to 
the weight or denfity of the air: and hence there muft 
alfo be a limit to the rarefaétion and expantign of the 
air, by which it is prevented from expanding to ine 
finity. 

We know not however how to affign thole limits to 
the elafticity of the air, nor to deftroy dp alter it, 
without changing the very nature of airy. which is ef- 
fected by chemical proceffes. To what dagree air is 
fufceptible of condenfation, by compreffion, 1@ not cer- 
tainly known, Mr. Boyle condenfed it 13 times more 
than in its natural fate, by this means: others have 
compreffed it into ‘jth part of its ordinary volume $ 
Dr. Hales made it 38 times more denfe, by means ofa 
prefs; but by freezing water in a hollow catt-iron ball 
or fhell, he reduced it to 1838 times lefs {pace than it 
naturally occupies ; in which flate it mutt have been 
of more than twice’ the denfity or fpecific gravity of 
water: And as water is not compreflible, except ina 
very {mall degree, it follows from this experiment, that 
the particles of air muft be of a nature very different 
from thofe of water ; fince it would otherwife be im- 
poffible to reduce air to a volume above 800 times lefs 
than in its common {tate 3 an inference however which 
wilitates direétly again{t an affertion made by Dr. Hal- 
ley, from fome experiments performed in London, and 
others at Florence by the Academy del Cimento, 
namely, that it may be fafely concluded that no force 
whatever is capable to reduce air into a {pace 800 times 
Jefs than that which it naturally occupies near the fur- 
face of the earth. : 

The elatticity of the air exerts its force equally in 
all direétions; and when it is at liberty, and freed from 
the caufe which compreffed it, it expands equally in all 
direétions, and in confequence always affumes a {pheri- 
cal figure in the interftices of the fluids in which it is 
lodged. This is evideat in liquors placed in the receiver 
of an air-pump, ‘by exhaufting the air; at firft. there 
appears a multitude of exceeding {mall bubbles, like 
grains of fine fand, difperfed through the fluid mafs, 
and rifing upwards ; and as more air is pumped out, 
they enlarge in fize; but {till they continue round. 
‘Alfo if a plate of metal be immerged in the liquor, on 
pumping, its furface will be feen covered over with 
{mall round bubbles, compofed of the air which ad- 
hered to it, now expanding itfelf. And for the fame 
yeafon it is that large glafs globes are always blown up 
of a fpherieal, fhape, by blowing air through an iron 
tube into a piece of melted glais at the end of the 

ipe. 
Phe expanfion of the air, by virtue of its elaftic 
property, when only the compreffing force is taken off, 
or diminithed, is found to be Surprifingly great ; and 
yet we are far from knowing the utmoft dilatation 
of which it is capable. In feveral experiments made 
by Mr. Boyle, it expanded firft into g times its former 
fpace ; then into 31 times 5 then into 60, and then into 
350 times. Afterwards, it was brought to dilate into 
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Sooo times its firfl fpace ; then into 10000, and at laft 
even into 13679 times its fpace ; and this folely by its 
own natural expanfive force, by only removing the pref- 
fure, but without the help of fire. And on this prine 
ciple depends the conftru¢tion and ufe of the Mano- 
METER. 

The elafticity of the air, under one and the fame 
preffure, is fil farther increafed by heat, and diminifh- 
ed by cold, and that, by fome late accurate experiments 
made by Sir George Shuckburgh, at the rate of the 
44oth part ef its volume nearly, for each degree of the 
variation of heat, from that of temperate, in Fah- 
renheit’s thermometer. : 

Mr. Haukfbee obferved that a portion of air ine 
clofed in a glafs tube, when the temperature was at the 
freezing point, formed a volume which was to that of 
the fame quantity of air in the greatelt heat of fummer 
here in England, as 6to 7. And it has been found by: 
feveral experiments, that air is expanded } of its na- 
tural bulk by applying the heat of boiling water 
to it. 

Dr. Hales found that the air in a retort, when the. 
bottom of the veffel juft became red hot, was dilated 
into twice its former fpace; and that in a white, or 
almoft melting heat, it filled thrice its former fpace = 
but Mr. Robins found that air was expanded, by mearié 
rob white or fufing heat of iron, to 4 times its former 

ulk. 

See feveral ingenious experiments on the elatticity of 
the air, in the Philof. Tranf, for the year 1777, by Sir 
George Shuckburgh and Colonel Roy. 

This properly explains the common effe& abferved 
on bringing a clofe flaccid bladder near the fire to 
warm it; when it is prefently found to fwell as if more 
air were blown into ite And upon this principle de- 
pends the ftruéture and office of the thermometer; as 
alfo the air balloons, lately invented by Mr. Montgol- 
fier, for floating in the atmofphere. 

M. Amontona firft difcovered that, with the fame de- 
gree of heat, air will expand in a degree proportioned 
to its denfity. And on this foundation the ingenious 
author has formed a difcaurfé, to prove “ that the 
{pring and weight of the air, with a moderate degree 
of warmth, may enable it to produce even earthquakes, 
and others of the moft vehement commotions of na- 
ture.’ He computes that at the depth of the 74th 
part of the earth’s radius below the furface, the natu- 
ral preffure of the air_would reduce to the denfity of 
gold; and thence infers that all matter below that 
depth, is probably heavier than the heavieft metal that 
we know of. And hence again, as it is proved that the 
more the air is compreffed, the more does the fame de- 
gree of fire increafe the force of its elaiticity ; we may 
infer that a degree of heat, which in our orb can pro- 
duce only a moderate effe@, may have a very violent 
one in fuch lower orb; and that, as there are many de- 
grees of heat in nature, beyond that of boiling water, 
it is probable there may be fome whofe violence, thus 
affifted by the weight of the air, may be fuficiently 
powerful to tear afunder the folid globe. Mem. de 
PAcad. 1703+ 

Many philofophers have fuppofed that the elattic 
property of the air depends on the figure of its cor- 
puicles, which they take to be ramous; fome mens 
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that they are fo many minute flocculi, refembling fleeces 
of wool: others conceive them rolled up like hoops, 
and curled like wires, or thavings of wood, or coiled 
like the fprings of watches, and endeavouring to expand 
themfelves by virtue of their texture. 

“But Sir Ifaac Newton (Optics, Qu. 31, &c.) ex- 

Jains the matter in a different way; fuch a contexture 
of parts he thinks by no means fufficient to account 
for that amazing power of elafticity obferved in air, 
which is capable of dilating itfelf into above a million 
of times more fpace than it occupied before: but, he 
obferves, as it is known that all bodies have an attractive 
and a repelling power; and as both thefe are ftronger 
in bodies, the denfer, more compaét, and folid they are ; 
hence it follows that when, by heat, or any other pow- 
erful agent, the attractive force is overcome, ‘and the 
particles of the body feparated fo far as to be out of 
the {phere of attraction; the repelling power, then 
commencing, makes them recede from each other with 
a flrong force, proportionable to that with which they 
before cohered ; and thus they become permanent air. 

And hence, he fays, it is, that as the particles of air 
are groffer, and rife from denfer bodies, than thofe of 
tranfient air, or vapour, true air is more ponderous 
than vapour, and a moilt atmofphere lighter than a dry 

ec. 

And M. Amontons makes the elafticity of air to 
arife from the fire it contains ; fo that by augmenting 
the degree of heat, the rarefaction will be increafed to 
a far greater degree than by a mere {pontancous dilata- 
tion. e 

The elaftic power of the air becomes the fecond 

reat foufce of the remarkable effets of this important 

uid. By this property it infinuates itfelf into the 
pores of bodies, where, by means of this virtue of ex- 
panding, which is fo eafily excited, it muft put the par- 
ticles of thofe bodies into perpetual vibrations, and maine 
tain a continual motion of dilatation and contraction 
in all bodies, by the inceflant changes in its gravity 
and denfity, and confequently its elafticity and expan- 
fion. 

This reciprocation is obfervable in feveral inftances, 
particularly in plants, in which the trachex or air-veffels 
perform the office of lungs ; for as the heat increafes 
or diminifhes, the air alternately dilates and contra&ts, 
and fo by turns compreffes the veffels, and cafes them 
again; thus promoting a circulation of their juices. 
And hence it is found that no vegetation or germina- 
tion is carried en in vacuo, 

Itis from the fame caufe too, that ice is burt by the 
continual aGtion of the air contained in its bubbles. 
Thus, too, glaffes and other veffels are frequently crack- 
ed, when their contained liquors are frozen; and thus 
alfo large blocks of flone, and entire columns of mar- 
ble, fometimes fplit in the winter feafon, from fome 
little bubble of included air acquiring an increafed 
elailicity : and for the fame reafon it ts that fo few 
flones will bear to be heated by a fire, without cracking 
into many pieces, by the increafed expanfive force of 
fome air confined within their pores. From the fame 


fource arife alfo all putrefaGtion and fermentation ;~ 


neither of which can be carried on in vacuo, even in 

the bet difpofed fubje€ts, And even refpiration, and 

animal -life itfelf, are fuppofed, by many authors, to be 
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conduéted, in a great meafure, by the fame principle 
of the air. And as we find fuch great quantities of 
air generated by the folution of animal and vegetable 
fubftances, a good deal muft conftantly be raifed from 
the diffolution of thefe elements in the fomach and 
bowels. 

In fa&, all natural corruption and alteration feem 
to depend on air; and even metals, particularly gold, 
only feem to be durable and incorruptible, in fo far as 
they are fmpervious to air. 

As to the different kinds of air, with its generation, 
and the effects of different ingredients of it, &c, they 
are omitteri here, as properly belonging to a Chemical 
Di@ionary, sr toa General Didtionary of Arts, &c. 

For the refiftance of the air, fee RustsTANce. 

Air-Gun, in Preumatics, isa machine for pro- 
pelling Bullets with great violence, by the fole means 
of condenfed air. 

The firft account we meet with of an air-gun, is in 
the Elemens d’ Artillerie of David Rivaut, who was pre- 
ceptor to Louis XIII. of France, He afcribes the 
invention to.one Marin, a burgher of Lifieux, who 
prefented one to Henry IV. 

To conftru@ a machine of this kind, it is only ne- 
ceffary to take a ftrong veflel of any fort, into which 
thé air is to be thrown or condenfed by means of a 
fyringe, or otherwife, the more the better; then a 
valve is fuddenly opened, which lets the air efcape b 
a fmall tube in which a bullet is placed, and which i 
thus violently forced out before the air. . 

It is evident then that the effet is produced by 
virtue of the elaftic property of the air; the force of 
which, as has been fhewn in the laft article, is directly 
proportional to its condenfation; and therefore the 
greater quantity that can be forced into the engine, the 
greater will be the effect. Now this effect will be ex- 
aétly fimilar to that of a gun charged with powder, 
and therefore we can eatily form a comparifon between 
them: for inflamed gun-powder is nothing more than 
very condenfed claitic air; fo that the two-forces are 
exa@tly fimilar. Now it is fhewn by Mr, Robins, in 
his New Principles of Gunnery, that the fluid of in- 
flamed gun-powder, has, at the firft moment, a force of 
elafticity equal to about a 1000 times that of common 
air; and therefore it is neceffary that air fhouid 
be condenfed a 1000 times more than in its natural 
flate, to produce the fame effect as gun-powder. 
But then it isto be confidered, that the velocities with 
which equal balls are impelled, are dire&ly propor- 
tional to the {quare roots of the forces; fo that if the 
air in an air-gun be condenfed only to times, then the 
velocity it will projeét a ball with, will be, by that rule, 
ath of that arifing from gun-powder; and if the air 
were condenfed 20 times, it would communicate a ve- 
locity of + of that of gun-powder. But in reality the 
air-gun fhoots its ball with a much greater proportion 
of velocity than as above, and for this reafon, namely, 
that as the refervoir, or magazine of condenfed air, is 
commonly very large in proportion to the tube which 
contains the ball, its denfity is very little altered by ex- 
panding through that narrow tube, and: confequently 
the ball is urged all the way by nearly the fame uniform 
force as at the firft mitant; whereas the elaftic fluid 
ariling from inflamed gun-powder is but very {mali in 
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proportion, to the tube or barrel of the gun, occupying 
at firit indeed but avery {mall portion of it next the 
hot-end ¢ an dtherefore by dilating into-a comparatively 
large {pace, as it urges the ball along the barrel, its 


elattic force, is proportionally weakened, and it_a&s ~ 


always lefs and lefs on the ball in the tube. From 
which caufe it happens, that air condenfed into a good 
large machine only 10 times, will fhoot its ball with a 
velocity but lite inferior to that given by the gun- 
powder. And if the valve of communicatid be fud- 
dently thut again by a {pring, after opening it t¢ let fome 
air eleape, then the fame collection of it médy ferve to 
impel many bails, one after another. 

Yn all cafes in which. a confiderable force, id required, 
and confequently a great condenfation of atr, it will be 
requilite to have the condenfing fyringe of a {mall bore, 
pethaps not atore than half an inch in diameter: other- 
wife the force to produce the compreffion will become 
fo great, that the operator cannot: work the machine: 

“for, as the preffure againit every (quare inch is about 
15 pounds, and againit every circular inch about 12 
pounds, if the fyringe be one inch in diameter, when 
one atmofphere 1s injeéted, there will be a refiftance of 
12 pounds againgt the pitton ; when 2, of 24 pounds; 
and when 10 are injeéted, there will be a force of 120 

junds to overcome; whereas 10 atmofpheres act 
againtt the half-inch pifton, whofe area is but 4 of the 
former, with $ of the force only, namely, 30 pounds 5 
and 40 atmofpheres may be injected with fuch a fyringe, 
as well as ten with the larger. a 

There are air-guns of various conftrudtions ; an ealy 
and,portable one is reprefented in Plate II, fig. 1. whichisa 
feRionlengthways through the axis, to thew the infide. 
It is made ofbrafs, and has two barrels ; the inner barrel 
D A of a fmall bore, from which the bullets are 
fhot; and a larger barrel ESC D R, on the outfide of 
it. In the ftock of the gun there is a fyringe MN PS, 

’ whofe rod M draws out to take in air; and by pufhing 
vit in again, the pifton SN drives the air before it, 
through the valve P E into the cavity between the two 
barrels, The ball K is put down into its place in the 
{mall barrel, with the rammer, as in another ‘gun. 
"There is another valve at S L, which, being opened by 
the trigger O, permits the air to come behind the ball, 
fo as to drive it out with great force. If this valve be 
opened and fhut fuddenly, one charge of condenfed air 
may make feveral difcharges of bullets ; becaufe only 
part of the injected air- will then go out at a time, and 
another bullet may be put into the place K ; but if 
the whole air be difcharged on a- fingle bullet, it will 
impel it more forcibly. ie difcharge is effected by 
means of a lock (fig. 2) when fixed to ite place as 
ufual in other guns; for the trigger being pulled, the 
cock will go down and drive a lever which opens the valve. 

Dr. Macbride (Exper. Eff. p. 81) mentions an im- 
provement of the air-gun, made by Dr. Ellis; in which 
the chamber for containing the condenfed air is not 
in the ftock, which renders the machine heavy and 
unweildy, but has five or fix hollow {pheres belonging 
to it, of about 3 inches diameter, fitted to a fcrew on 
the lock of the gun. Thefe {pheres are contrived with 

>walves, to confine the air which is forced into their 


eavities, fo that a fervant may’ carry them ready 


charged with condenfed air: and thus the gun of this 
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conftruétion is rendered as light and partable as one of 
the fmalleft fowling.pieces. : 

Fig. 3. reprefents one made by the late Mr. B. 
Martin of London, and now by feveral of the mathe- 
matical inflrument and gun-makers of the metropolis ; 
which, for fimplicity and perfection, perhaps exceeds 


-any other that has been contrived. A is the gun-bar- 


rel, of the fize and weight of a common fowling-piecc, 
with the lock, ftock, and ramrod. Under the fou, at 
4, is a round fteel tube, having a {mall moveable pin in 
the infide, which is pufhed out when the trigger a is 
pulled, by the fpringwork within the lock; to this 
tube 4 is fcrewed 2 hollow copper ball, perfeétly air- 
tight. This copper ball is fully charged with con- - 
denfed air by means of a fyringe, previous to its being 
applied to the tube 5. Hence, if a bullet be rammed 
down in the barrel, the copper ball ferewed faft at 5, 
and the trigger a be pulled; then the pin in d will 
forcibly pufh open a valve within the copper ball, and 
let out a portion of the condenfed air; which air will 
rufh up through the aperture of the lock, and forcibly 
aé againft the bullet, driving it to the diftance of 60 
or 70 yards, of farther. If the air be ftrongly con- 
denfed at every difcharge, only a portion of the air 
efcapes from the ball; therefore, by re-cocking the 
piece, another difcharge may be made; and this 
repeated 15 or 16 times. An additional barrel ir 
fometimes made, and applicd for the difcharge of thot, 
inftead of the ball above deferibed. 

Sometimes the fyringe is applied to the end of the 
barrel C (fig. 4) ; the lock and trigger fhut up ina brafs 
cafe d; and the trigger pulled, or ie difcharge made, 

b. In this contrivance Sere isa 
round chamber for the condenfed air at the end of the 
{pring at ¢, and it has a valve ating in a fimilar manner 
to that of the copper ball. When thie inftrument is- 
not in ufe, the brafs cafe dis made to flide off, and the 
inftrament then becomies a walking ftick: from which 
circumftance, and the barrel -being made of cane, or 
ir-cane, The head 
of the cane unfcrews and takes off at a, where the ex- 
tremity, of the pifton-rod in the barrel isthewn, An 
iron rod is placed in aring at the end of this, and 
the air is condenfed in the barrel in a manner fimilar to 
that of the gun as above; but its force and adtion is 
not near fo Log as in the gun. . 

Macazing Air-Gun, This is an.improvement of 
the common air-gun, made by an ingenious artift, called 
L. Colbe. By his contrivance, ten bullets are fo lodged 
in a cavity, near the place of difcharge, that they may 
be fiscceliveely drawn into the barrel, and thot fo quickly 
as to be nearly of the fame ufe as fo many different 

ns ; the only motion required, after the air has been 
injected, being that of fhutting and opening the ham- 
mer, and cocking and pulling the trigger. Fig. 3 isa 
longitudinal feétion of this gun, as mee im every part 
as the gun itfelf; and ae much of its length is fhewn 
as is peculiar to this conitruétion ; the reft of it being 
like the ordinary air-gun.. EE is part-of the ftock ; 
G is the end of the injecting fyringe, with its valve H, 
opening into the cavity PF F between the. barrele. 

K is the fmall or fhooting barrel, which receives the 
bullets, one at a time, fron the magazine D E, being a 
ferpentine cavity, in which the bullets 4, 4,4, &c, are 

lodged, 
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Aodged, and clofed at the end D; from whence, by one 
Motion of the hammer, they are brought into the bar- 
rel at I, and thence are fhot out by the opening of the 
valve V, which lets in the condenfed air from the cavity 
FF F into the channel V K I, and fo along the inner 
barrel K K K, whence the bullet is difcharged. 5 I si 
MA isthe key of acock, having a hole through it; 
which hole, in the prefent fituation, makes part of the 
Barrel K K, being juit of the fame bore: fo that the 
air, which is let in at every opening of the valve V, 
comes behind this cock, and taking the ball out of it, 
carries it forward, and fo out of the mouth of the 
iece, 

: To bring in another bullet to fucceed I, which is 
done in an inftant, bring the cylindrical cavity of the 
key of the cock, which made part of the barrel KK K, 
into the fituation 72, fo that the part 1 may be at K; 
then turning the gun upfide-down, one bullet next the 
cock will fall into it out of the magazine, but will 

no farther into this cylindrical cavity, than the two 
little pieces.ss will permit it; by which means only 
one bullet at a time will be taken in to the place I, to 
be difcharged again as before. 

A more particular defeription of the feveral: parts 
pay be feen in Defaguliers’ Exper. Philof. vol, ii. pa. 
sogetfeq 

_. Ara-Pump, in Pneumatics, is a machine for ex- 
hauiling the air out of a proper veffel, and fo to make 
what is commonly called a vacuum ; though in reality 
the air in the receiver is only rarefied to a great degree, 
fo as to take off the ordinary effects of the atmofphere. 
So that by this machine we learn, in fome meafure, 
what our earth wouldjbe without air; and how 
much all vital, generative, nutritive, and alterative 
powers depend upon it. : 

The principle on which the air-pump is conftruéted, 
is the {pring or elafticity of the air ; as that on which 
the common, or water: pump is formed, is the gravity 
of the fame air: the one gradually exbaufting the air 
from a velfel by means of a pifton, with a proper valve, 
working in a cylindrical barrel or tube; and the other 
exhaufting water ina fimilar manner. . 

The air-pump has proved one of the principal 


means of Labyere: philofophical difcoveries, that has ~ 


_ been invented by the moderns. The idea of fuch a 
’ machine occurred to feveral perfons, nearly about the 
fame time, But the firit it feems was completed by 
Otto Guericke, the celebrated conful of Magdeburg, 
+ who exhibited his firft public experiments with it, be- 
» fore ‘the emperor and the ftates of Germany, at the 
breaking up of the imperial diet at Ratifbon, in the 
year1654. But it was not till the year 1672 that 
‘Guericke publifhed a defcription of the inftrument, 
wih an accopnt of his experiments, in his Experimenta 
Nova Magdeburgica de Vacuo Spacia: though an ac- 
count of them had been publithed by Schottus in 1657, 
in his Mechanica Hydraulico-Pneumatica. ‘ 
Dr. Hook and M. Duhamel afcribe the invention of 
. the air-pump to Mr, Boyle. But that great man frank- 
ly confeffes that Gueticke was beforehand with him in 
the execution. Some attempts, he affuree us, he had 
indeed made upon the fame foundation, before he knew 
any thing of what had been done abroad: but the in- 
formation he afterwards received from the account given 


: Ess J 


AIR 


by Schottus, enabled him, with the affiflance of Dr. 
look, after two or three unfucceféful trials, to bring 
his defign to maturity, The product of their labours 
was a new air-pump, much more eafy, convenient, and 
manageable, than the German one. And hence, or 
rather from the great variety of experiments to which 
this illuftrious author applied the machine, it was after+ 
wards called Machina Boyliana, and the vacuum pro- 
duced by aa Vacuum ‘Boylianum. ; 

Sirudture of the Air-Pump. Mott of the air-pumps 
that were firft made, conffted of only one barrel, or 
hollow cylinder of brafs, with a valve at the bottom, 
opening inwards; and a moveable embolus or pifton, 
having likewife a valve opening upwards, and fo exe 
actly fitted to the barrel, that when it is drawn up 
from thesbottom, by means of an indented iron rod or 
rack, and a handle turning a {mall indented wheel, 
playing jin the teeth of that rod, all the air will be 
drawn up from the cavity of the barrel: there is alfo 
a {mall pipe opening into the bottom of the barrel, by 
means of which it communicates with any proper 
veffel to be exhaufted of air, which is called a receiver, 
from its office in receiving the fubje€ts upon which ex- 
periments are to be made in vacuo: the whole being 
fixed in a convenient frame of wood-work, where the 
end of the pipe turns up into a horizontal plate, upon: 
which the receiver is placed, juft over that end of the 
pipe. 

The other parts of the machine, being only acci-, 
dental circumftances, chiefly: refpeéting conveniency, 
have been diverfified and improved from time to time, 
according to the addrefs and feveral views of the 
makers. That of Otto Guericke was very rade and 
inconvenient, requiring the labour of two ftrong men,. 
for more than two hours, to extra@ the air from a glafs, 
which was alfo placed under-water ; and yet allowed of. 
no change of fubjeéts for experiments, 

Mr. Boyle, from time to time, removed feveral of. 
thefe inconveniences, and Jeffened others: ‘but {till the 
working of his pump, which had but one. barrel, was 
laborious, by reafon of the preffure of the atmofphere, 
a great part of which was to be removed at every lift. 
of the pifton, when the exhauftion was nearly com- 

leted. Various improvements were fucceflively made 
in the machine by the philofophers about that time, , 
and foon after, who cultivated this.new and important 
branch of pneumatics ; as Papin, Merfenne, Mariotte, 
and others; but fill they laboured under a difficulty of 
working them, from the circumftance of the fingle 
barrel, till Papin, in his farther improvements of the 
air-pump, removed that inconvenience,. by the ufe of a 
fecond barrel and pifton, contrived to rife, as the other 
fell, and to fall as that rofe ; by which, and the great! 
improvements made by Mr. Haukfbee, the preffure of’ 
the atmofphere on the defcending pifton, alivays nearly 
balanced that of the afcending one; fo that the winch, 


- which worked them up and down, was eafily moved by 


avery gentle force with one hand: and befides, the 
exhauftion was hereby made in lefs than half the time, 
Some. of the Germans, and others. likewife, made: 
improvements in the air-pump, and contrived it to 
perform the counter office of a condenfer,. in order to, 
examine the properties of the air depending on its con-- 

denfation,, : é 
Mi.. 
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Mr. Boyle contrived a mercurial gauge or index to the 
air-pump, which is defcribed in bis firt and fecond 
Phyfico-Mechanical Continuations, for meafuring the 
degrees of the air’s rarefaction in the receiver. This 
gauge is fichilar to the barometer, being a long glafs 
tube, having -its lower end immerfed in an open bafon 
of quickfilver, but its other end, which was open alfo, 
communicating with the receiver + which being ex- 
hautted, this tube is equally exhautted of-air at the 
fame time, and the external air preffes the quickfilver 
up into the tube, toa height proportioned to the degree 
of exhaultion, . 
_ Mr. Vream, an ingenious pneumatic operator, made 
‘an improvement in Haukibce’s air-pump» by reducing 
the alternate up-and-down ‘motion of the hand and 
. winch toa circular one. In his-method, the winth is 
turned quite round, and yet the piftons are alternately 
raifed and depreffed: by which the trouble of fhifting 
the hand backwards and forwards, as well as the lofs 
of time, and the thaking of the pump, are prevented. 
‘The air-pump, thus improved, is reprefented in plate 
TIL fig.1 5 where oo je the receiver to be exhaufted, 
ground truly level at the bottom, fet over a hole in the 
plate, from’ which defcends the bent pipe 44 to the 
ciftern dd, with which the two barrels aa communicate, 
in which the piftons are worked by a toothed. wheel, 
by turning the handle b $;. by whieh the racks ¢¢y 
with the piltons, are worked alternately up and down. 
1 is the gauge tube, immerfed in a bafon of quickfilver 
m at bottom, and communicating with the receiverat 
top ; from which however it may be occafionally dif- 
engaged, by turning a cock. Andis is another cock, 
by turning of which, the air is again Tet in to the ex- 
haufted receiver ; into which it is heard to rufh witha 
eonfiderable hiffing noife. : 
Notwithftanding the great excellency of Mr. Hauk- 
fbee’s air-pump, it was ftill fubjec& to inconveniences, 
from which it was in a great meafure rélieved by fome 
contrivances of Mr. Smeaton, which are deferibed at 
Jarge in the Philof. Tranf, for the year 1752. The 
pees improvements fuggefted by Mr. Smeaton, re- 
_ Tate to the gauge, the valves of the pifton, and the 
pifton going clofer down to the bottom of the barrel 5 
for his pump -has only one. - By the laft of thefe, the 
. air was extraGied more perfeétly at each ftroke.” By 
the fecond, he remedied an inconvenience arifing from 
the valve hole of the pifton being too wide properly to 
fupport the bladder valve which covered it: inftead of 
the ufual circular orifice, Mr. Smeaton perforated the 
ifton with feven {mall and equal hexagonal holes, one 
in the centre, and the other fix around, forming toge- 
ther the appearance of a tranfverfe fe€tion of a honey- 
‘comb; the bars or divifions between which, ferved to 
fupport the preffure of the air on the valve. His gage 
confifts of 2 bulb of glafs, of a pear-like fhape, and 
_ capable of holding about half a pound of quicieilver : 
it is open at the lower end, the other terminating in 
a tube hermetically fealed; and it has annexed to it a 
feale, divided into parts of about +’ of an inch, and 
anfwering to the roooth part of the whole capacity. 
During the exhauftion of the receiver the gage is 
fafpended in it by a wire 3 but when the pump hasbeen 
worked as much as necellary, the gage is pufhed down, 
till the open end be immerfed in a bafon of quickfilver 
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placed underneath. The air is theri let into the receiver 
again, and the quickfilver driven by it from the bafon, 
up into the gauge, till the air rémaining in it become 
of the fame denfity as the air without ; and as the air 
always takes the higheft place, the tube being uppet- ~ 
mott, the expanfion will be determined by the number 
of divifons occupied by the air at the top. This aire 

ump is made to w&t alfo as a condenfing engine, as 
Tine German machines had done before, by the very. 
imple apparatus of turning a cock. 

By means of this gauge, Mr. Smeaton judged that 
his machine was incemparably better than any former 
ones, as it feemed to rarefy the air in the receiver 1000; 
or even 2000 times, while the beft of the former con- 
firuétion only rarefied about 140 times: and fo the 
cafe has fince been. always underftood, an implicit con- 
Smeaton’s accuracy, till 
the fallacy was accidentally detected in the manner re- 
lated at large by Mr. Nairoc in the Philof. Tranf, for 
the year 1777. ‘This accurate and ingenious artill 
wanting to make trial of Mr Smeaton’s pear-gauge, 
executed an air-pump of his improved conitruation, in 
the beft manner poflible; which, in various experiments 
made with it, appeared, by the pear-gaugé, to rarefy 
the air to an amazing degree indeed, being at times 
from 4000 to 10000, or 50000, or even LOCOCO times 
rarefied. But upon mealuring the fame expanfion by 
the ufual long and fhort tube gauges, which both ac- 
curately agreed together, he found that thefe never 
fhewed a rarefadtion of more than Goo times: widely 
different from the fame as meafured by the pear or ins 


ternal gauge, by experiments often repeated. ‘ Finding, 
fays Mr. fairne, itil this difagreement between the 
pear-gauge and the other gauges, I tried a variety of 


experiments ; but mone of them appeared to me fatis- 
factory, till one day in April 1776, thewing an experis 
ment with one of thefe pumps to the honourable Henry 
Cavendith, Mr. Smeaton, and feveral other gentlemen 
of the: Royal Society, when the two gauges differed 
fome thoufand times from one another, Mr, Cavendifh 
accounted for it in the following manner. “ Tt ap- 
peared, he faid, from fome experiments of his father’s, 
Lord Cavendith, that water, whenever the preffure of 
the atmofphere on it is diminifhed to a certain degree, 
is immediately turned into vapour, and is as immediately 
turned back again into water on reftoring the preflure. 
‘This degree of preflure is different according to the 
heat of the water: when the heat is 72® of Fahren- 
heit’s fcale, it turns into vapour as foonas the preflure is 
no greater than that of three quarters of an inch of © 
quickfilver, er about 1-goth of the ufual preffure, of 
the atmofphere; but when the heat is only 419, the 
preffure mutt be reduced to that of a quarter of an inch . 
of quickfilver before the water turns into vapour. It 
is true, that water expofed to the epen air, will evapo- 
rate at any heat, and with any preffure of the atmo- 
Sphere ; but that evaporation is intirely owing to the 
aGtion of the air upon it; whereas the evaporation 
here fpoken of, is performed without any affiftance 
from the air, Hence it follows, that when the re- 
ceiver is exhaufted to the above-mentioned degree, the 
moifture adhering to the different parts of the machine 
will turn into vapour, and fupply the place of the air, 
which is continually drawn eway by the workiag of 
the 
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the pump ; fo-that the fluid in the pear-gauge, as well 
as that in the receiver, will confift in a good meafure of 
vapour, Now lettingthe air into the receiver, all the 
vapour within the pear-gauge will be reduced to water, 
ahd only the real air will remain uncondenfed; confe- 
quently the pear-gauge fhews only how much real air 
ig left in the receiver, and not how much the preffure 
of fpring of the included fluid is diminifhed; whereas 
the Common gauges thew how much the preffure of the 
included fluid is diminithed, and that equally, whether 
. It confit of air or of vapour.” My. Cavendith having 
explained fo fatisfactorily the caufe of the difagreement 
between the two gauges, Mr. Nairne confidered that, 
if he were to avoid moifture as much as poffible, the 


two gauges fhould nearly agree. And in faét they were 


found fo to do, each fhewing a rarefa€tion of about 600, 
when all moifture was perfe@ly cleared away from the 
pump, and the plate and the edges of the receiver were 
fecured by a cement inftead of Fiting it upon a foaked 
leather, as in the ufual way. But by future experiments, 
Mr. Nairne found that the fame excellent machine would 
‘not exhauft more than 50 or 60 times, when the receiver 
was fet upon leather foaked in water, the heat of the 
room being about 57°. And from the whole, Mr. 
Nairne concludes that the air-pump of Otto ‘Guericke, 
and thofe contrived by Mr. Gratorix, and Dr. Hook, 
and the improved one by Mr. Papin, both ufed by Mr. 
Boyle, as alfo Haukfbee’s, s’Gravefande’s, Mufchen- 
broeck’s, and thofe of all who have ufed water in the 
barrels of their pumps, could never have exhaufted to 
more than between 40 and 50, if the heat of the place 
‘was about 57; and although Mr. Smeaton, with his 

ump, where no water was in the barrel, but where 
leather foaked in a mixture of water and fpirit of wine 
was ufed on the pump-plate, to fet the receiver upon, 
may have exhaufted all but a thoufandth, or even a ten- 
thoufandth ee of the common air, according to the 
teftimony of his pear-gauge ; yet fo much vapour muft 
have arifen from the wet leather, that the’ contents of 
the receiver could never be lefs than a 7oth or 80th 
part of the denfity of the atmofphere. But when no- 
thing of moifture is ufed about this machine, it will, 
when in its greatelt perfection, rarefy its contents of air 
about 600 times. f 

It is evident that by means of thefe two gauges’ we 
can afcertain the feveral quantities of vapour and per- 
manent air which make up the contents of the receiver; 
after the exhauftion is made as perfect as can be; for 
the ufnal external gauge determines the whole contents, 
made up of the vapour and air, whilft the pear-gauge 
fhews the quantity of real permanent air ; confequently 
the difference is the quantity of vapour. 

The principal caufe which prevents this pump from 
exhaufting beyond the limit above-mentioned, is the 
weakened clafticity of the air within the receiver, which, 
decreafing in proportion as the quantity of the air 
within is diminithed, becomes at la{t incapable of lift- 
ing up the valve of communication between the receiver 
and the barrel ; and confequently no more aircan then 
pals from the former to the latter. 4 

Several ingenious perfons have isfed their endeavours 
to remove this imperfection in the beft air-pumps. 
Amongit thefe it feems that one Mr. Haas has fuc- 
sae patty well; having, by means of a contri- 
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vance to open the communication-valve in the bottom 
of the barrel, made his machine fo perfe&t, that when 
every thing is in the greateft perfection, it rareties the 
contents of the receiver as far as 1000 times, even when 
meafured by the exterior gauge. The defcription of 
this machine, and an account of fome experiments 
performed with it, are given by Mr. Cavallo in the Philof. 
Tranf, for the year. 1783. 

But the-imperfeGions it feems have more recently 
been removed by an ingenious contrivance of Mr, 
Cuthbertfon, a mathematical inflrument maker at Am- 
fterdam, now of London, whofe air-pump has neither 
cocks nor valves, and is fo contracted, that what fup- 
plies their place has the advantages of both, without 
the inconveniences of either. He has alfo made im- 
provements in the gauges, by means of which he de- 
termines*the height of the mercury in the tube, by 
which the degree of exhaultion is indicated, to the 
hundredth part of an inch, And to obviate the incon- 
venience of the elattic vapour arifing from the wet 
leather, upon which the receiver is placed, for com- 
mon experiments, he recommends the ‘ufe of leather 
dreffed with allum, and foaked in hog’s lard, which he 
found to yield very little of this vapour ; but when 
the utmoft degree of exhauttion is required, his advice 
is, to dry the receiver well, and fet it upon the plate 
without any leather, only fmearing irs outer edges with 
hog’s lard, or with a mixture of three parts of hog’s 
lard and one of oil. But the ufe of the leather has 
long been laid alide by our Englith inftrument-makers, 
a circumftance which probably had not come to Mr. 
Cuthbertfon’s knowledge. An account of this inftru- 
ment, and of fome experiments performed with , it, 
was publifhed at Amfterdam inthe year 1787; from 
which experiments it appears that, by a coinci- 
dence of the feveral gauges, a rarefaction of 120 times 
was fhewn; but when the atmofphere was very dry; 
the exhawftion has been fo complete, that the gauges 
have fhewn the air in the receiver to be rarefied above 
2400 times. 

There are made alfo by different perfons, portable, 
or fimall air-pumps, of various conftructions, to fet 
upon a table, to perform experiments with. In thefe, 
the gauge is varied according to the fancy of the ma- 


ker, but commonly it confifts of a bent glafs tube, like _ 


a fyphon, open only at one end. The gauge is placed 
under a {mall receiver communicating, by a pipe, with 
the principal pipe leading from the general receiver to 
the barrels. The clofe end of the gauge, of g or 4 
inches long, before the exhauftion, has the quickfilver 
forced clofe up to the top by the preffure of the air on 
the open end; but when the exhauftion is confiderably 
advanced, it begins to defcend, and then the difference 
of the heights of the quickfilver in the two legs, com- 
pared with the height in the barometrical tube, deter- 
mines =he degree of exhauftion: fo if the difference 
between the two be one inch, when the barometer 
ftands at 30, the air is rarefied 30 times; but if the 
difference be only half an inch, the ‘rarefaction is 60 
times, and foon. See Plate tin fig. 2. 

The Ufe of the Air-Pump. In-whatever- manner or 
form this machine be ‘made, the ufe and operation of it 
are always the fame. The handle, which works the 
pifton, is moved up and down in the barrel, by which 

: I means 


AIR 
sneans a barrel of the contained air is drawn out at every 
ftsake of the pifton, in the follawing manner : by puth- 
ing the piftoa down to the bottom of the barrel, where 
the air is prevented from efcaping downwards, by its 
clallicity it opens the valve of the pifton, and efeapes 
upwards above it into the open air; then raifing the 
pilton up, the external atmofphere fhuts down its valve, 
anda vacuum would be made below it, but for the air 
ju the receiver, pipe, &c, which now raifes the valve 
tn the bottom of the barrel, and rufhes in‘and fills it 
again, till the whole air in the receiver and barrel be 
of one uniform denfity, but lefs than it was before the 
firoke, in proportion as the fum of all the capacities 
of the receiver, pipe, and barrel together, is to the fame 
fam wanting the barrel. 
receiver diminithed at each ftroke of the pifton, by the 
quantity of the barrel or cylinder full, and therefore 
always in the fame proportion ; fo that by thus repeat- 
ing the operation again and again, the air is varefied to 
any propofed degree, or till it has not elalticity enough 
to epen the valve of the pilton or of the barrel, after 
which the exhvuttion cannot be any farther carried on : 
“the gauge, in com arifon with the barometer, fhewing 
at any time what the degree of exhauftion is, according 
to the particular nature and conftruction of it. 

But, fuppofing no vapour from muifture, &c, to rife 
in the receiver, the degree of ‘exhauftion, -after any 
number of ftrokes of the pilton, may be determined 
by knowing the refpective capacities of the barrel and 
the receiver, including the pipe, &c- For as we have 
feen above that every ftroke diminifhes the denfity in a 
eonilant proportion, namely as much as the whole con- 
tent exceeds that of the cylinder or barrel; and con- 
fequently the fum of as many diminutions as there are 
firokes of the pifton, will fhew the whole diminution 
by all the ftrokes. So, if the capacity of the barrel be 
equal to that of the receiver, in which the communica- 
tion pipe is always to be included; then, the barrel 
‘being half the fum of the whole contents, half the air 
. willbe drawn out at one ftroke ; and confequently the 

_ rémaining half, being dilated throu; ‘h the whole ar firft 
capacity, will be of only half the denfity of the firit 
Yn [ike manner, after the fecond ftroke, the denfity of 
the remaining contents will be only half of that after 
the fir ftroke, that is only 3 of the original denfity = 
continuing this operation, it follows that the denfit of 
the remaining air will be § after 3 ftrokes of the pil 
dy after 4 ftrokes, 3's after § fhrokes, and fo on, accord- 
ing to the powers of the ratio 3; that is, fuch power 
of the ratio as is denoted by the number of the ftrokes. 
In like manner, if the barrel be 3 of the whole con- 
tents, that is, the receiver double of the barrel, or 3 of 
the whole contents ; then the ratio of diminution of 
denfity being 3, the denfity of the contents, after 
any number of ftrokes of the pifton, will be denoted 
by {uch- power of $avhofe exponent is that nymber 5 
namely, the denfity will be 3 after one ftroke, ($)* or 
% after two firokes, (4)? or 2¥y after 3 ftrokes, and in 
general it wilk be (3)* after” a ftrokes :. the original 
denfity of the air being 1.. Hence then, univerlally, 
3£ s denote the fum of the contents of the receiver 
and barrel, adr that of the receiver only; without 
the barrel, and 2 any number of ftrokes of the 
pifton; then, the. original denfity of the air being 45 


(#3 


‘And thus is the air in the | 
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the denfity after # frokes will be cy a namely 
‘ ” 


the 2 power of the ratio <, So, for example, if the 


capacity of the receiver be equal to 4 times that of the 
barrel; then their fum sis 5, and r is 43 and the 
denfity of the contents after 30 ftrokes, will be ($)5% 
or the 3oth power of 4, which is yg nearly; fo that 
the air in the receiver is rareficd 808 times. 

Sec alfo the Memoires de Acad, Royale des Sciences 
for the years 1693 and 1705+ 


From the fame formula, namely (ay sm dthe den- 


fity, we eafily derive a rule for finding the number of 
ftrokes of the pifton, neceflary to rarefy the air any - 
number of times, or to reduce it to a given denfity 4, 


that of the natural air being 1. For fince (+ _ dy 
f 
by taking the logarithm of this equation, it isn x log. 
0} 


Ls log. d 

— = log. of 2; es PES & 5 
; 10g and hence 2 Ss 1 fogr bog 

s 

that is, divide the log..of the propofed denfity by the 
log. of the ratio of the'receiver to the fum of the re~ 
ceiver and barrel together, and the quotient will thew 
the number of ftrokes of the pifton requifite to produce 
the degree of exhauition required. So, for example, if 
the receiver be equal to 5 times the barrel, and it be 
propofed to find how many ftrokes of the pifton will 
rarefy the air £00 times 3 then r = $56, d = rave 


whofe log. is — 2, and = = 5, whofelog. is ~'079185 


therefore sare = 25% nearly, which is the number 
of ftrokes required. : ie 

And, farther, the fame formula reduced, would give 
us the proportion between the receiver and barrel, when 
the air is rarefied to any degree by an affigned number 


hs a 

of ftrokes of the pifton, For fince CG ) == d the den- 
fity, therefore, extraéting the a root of both fides, it is: 
2 == “fd; that is, the # root of the denfity is equal 
£ 


to the ratio of the receiver to the fum of the receiver 
and barrel. So, if the denfity d be sau» and the num- 
ber of ftrokes n=: 73 then the 7th root of sig is $3 
which fhews that the receiver is aa to half the re- 
ceiver and barrel together, or that the capacity of the 
barrel is juft equal to that of the receiver. 

Some of the principal effects and phenomena of the 
air-pump, are the following :. That, in the exhanfted 
receiver, heavy and. cane bodies fall equally {wift; fo,a 

jnea and feather fall from the top of a tall receiver 
fo'the bottom exaGly together. That moft animals 
die ina minute or two: but. however, That vipers and 

, though they Swell much, live an hour or two 5, and. 

after being feemingly quite dead, come to life again in. 
the open air: That {nails furvive about ten hours; 

efts, or flow-worms, two or: three. days 3 and leeches. 
five or fix. That oyfters live for 24 hours. That the 
heart of an eel taken. out. of the. body, contin - 
: - hea 
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Sbeat for good part of an hour, and that more brifldy 
- than in the air, That warm blood, mitk, gall, &c, un- 
dergo a confiderable intumefcence and ebullition, That 
@enonfe or other animal may be brought, by degrees, to 
furvive longer in a rarefied air, than naturally it does. 
‘That air may retain its ufual preffure, after it is be- 
come unfit for refpiration. That the eggs of filk-worms 
hatch in vacuo. That vegetation flops. That fire ex- 
tinguithes ; the fame of a candle ufually going out in 
one minute; and a charcoal in about, five minutes. 
That red-hot iron, however, feems not to be affected ; 
and yet fulphur or gun-powder are not lighted by it, 
but only fufed. That a match, after lying feemingly 
extinGt a long time, revives again on re-admitting the 
air. That a flint and fteel ftrike {parks of fire as co- 
pioufly,-and in all direGtions, as in air, That magnets, 
‘and magnetic needles, a the fame as in air. That the 
{moke of an extinguifhed luminary gradually fettles to 
the bottom in a darkifh body, leaving the upper part of 
‘the receiver clear and tranfparent 5 and that on incline 
ing the veffel fometimes to one fide, and fometimes to 
another; the fume preferves its furface horizontal, after 
the nature of other fluids. ‘That heat may be pro- 
duced by attrition, That camphire will not take fire ; 
and that gun-powder, though fome of the grains of a 
heap of it be kindled by a burning glafs, will not give 
fire to the contiguous grains. That glow-worms lofe 
their light in proportion as the air is exhaufted, and at 
dength become totally obfcure; but on re-admitting 
the air, they prefently recover it all. That a bell, on 
being ftruck, is not heard to ring, or very faintly. 
‘That water freezes. But that.a fyphon will not run. 
That electricity appears like the aurora borealis. With 
multitudes df other curious and important particulars, 
to be met with in the numerous’ writings on this ma- 
chine, namely, befides the Philof. Tranfactions of moft 
academies and focieties, in the writings of Torricelli, 
Pafcal, Merfenne, Guericke, Schottus, Boyle, Hook, 
“Duhamel, Mariotte, Hauk{fbee, Hales, Mufchenbroeck, 
Gravefande, Defaguliers, Franklin, Cotes, Helfham, 
and a great minny other authors 
- Air-Vessex, in Hydraulics, is a veffel of air within 
fome water erigines, which being comprefled, by fore- 
‘ing in a confiderable quantity of water, by ite uniform 
pring, forces'it out at the pipe in a conftant uninter- 
rupted ftream, to a great height. 

Airveffel too, in the improved fire engines, is a mé- 
tallic cylinder, placed between the two forcing pumps, 
by the aGion of whofe piftons the water is forced into 
sthis veffel, through: two pipes, with: valves; then the 
air, previoufly contained in it, is compreffed by the 
water, in proportion to the quantity admitted, and 
this air, by its pring, forces the water through a pipe 
‘by aconftant and equal ftream ; whereas in the com- 
mon fquirting engine, the ftream is difcontinued be- 
‘tiveen the feveral ftrokes. 

AIRY Trirticity, in Afrology, the figns of 
Gemini, Libra, and Aquarius, : 

_AJUTAGE, or Apyurace, in Hydraulics, part of 
the apparatus of a jet d’cau, or artificial fountain; be- 
ing a Find of tube fitted to the aperture or mouth of 
the ciftern, or the pipe; through which the water is 
to be played in any dire&tion, and in any fhape er 
figure, 
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It is chiefly the diverfity in the ‘ajutage, that makes 
the different kinds of fountains. So that, by having 
feveral ajutages, to be applied occafionally, one fountain 
is made to have the effeét of many. ; 

Mariotte, Gravgfande, and Defaguliers Rave written 
pretty fully on the nature of ajutages, or fpouts for jets. 
d@eau, and efpecially the former. He affirms, from ex- 
periment, that an even polifhed round hole, made ia 
the thin erfd of a pipe, gives a higher jet than either 
acylindrical or a conical ajutage; but that, of thefe 
two latter however, the conical is better than the cy- 
Hndrical figure. See his Traite du Mouvement des 
Eaux, patt 4. ~ : 

The quantity of water dilcharged by ajutages of 
equal area, but of different figures, is the fame. . And 
for like figures, but of different fizes, the quantity 
difchargéd, is direétly proportional to the area of the 
ajutage, or to the fquare of its diameter, or of any fide 
or other linear dimenfion: fo, an ajutage of a double 
diametery or fide, will difcharge 4 times the quantity 
of water; of a triple diameter, 9 times the quantity 5 
and fo on; fuppofing them at an equal depth below the 
furface or head of water. But if the ajutage be at 
different depths below the head, then the celerity with 
which the water iffues, and confequently the quantity 
of it runout in any given time, is dire€lly proportional 
to the fquare-root of the altitude of the head, or depth 
of the hole: fo at 4 times the depth, the celerity and 
qeennly is: double ; at g times'the depth, triple; and 
(0 One oar 

It has been found that jets do not rife quite fo high 
as the head of water; owing chiefly to the refiftance 
of the air againft it, and the preffure of the upper parte 
ofthe jet upon the lower: and for this reafon it is, 
that if the dire€tion of the ajutage be turned 4 very 
little from the perpendicular, it is found to fpout rather’ 
higher than el aa the jet is exactly upright. 

It is found by experiment too, that the jet ishigher 
or lower, according to the fize of the ajutage: that a 
circular hole of about an inch and a quatter in diame- 
ter, jets higheft ; and that the farther from that fize, - 
the worfe. Experience alfo fhews that the pipe leading 
to the ajutage, fhould be much larger than it; and if 
the pipe be along ont, that it fhould be wider the farther 
it is from the ajutage, ~ 

For the other circumftances relating to jets and the 
iffuing’ of water under vatious circumitances, fee Ex 
HAUSTION, Fiux, Founratn, Jer p’Eau,: &c, to 
which they more properly belong. : 

ALBATEGNI, an Arabic prince of Batan in 
Mefopotamia, who was a celebrated aftronomer, about 
the year of Chrilt $80, as appears by his obfervations. 
He’ is alfo called Muhammed ben Geber Albatani, Ma- 
homes the fon of Geber, and Mubamedes Arafienfis. Fe 
made aftronomical obfervations at Antioch, and at 
Racali or Areéta, a town of Chaldea, which fome 
authors call a town of Syria or of Mefopotamia. He 
is highly fpoken of by Dr. Halley, as a vir admirandi 
acuminis, ac in adminiftrandis obfervationibus exercitatiffi- 
mus. 

Finding that the tables of Ptolomy wer; imperfect, 
he computed new ones, which were long ufed as the 
beft among the Arabs: thefe were adapted to the me- 
ridian of Araéta or Racah. Albategni-compofed ia 
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Arabic a work under the title of The Scidnce of the 
Stars, comprifing all parts of aftronomy, according to 
his own obfervations and thofe-of Prolomy. This 
work, tranflated into Latin by Plato of Tibur, was 
publithed at Nuremberg in 1537, wth fome additions 
and demonftrations of Regiomontanys; and the fame 
was reprinted at Bologna in 1645, with this author’s 
notes. Dr. Halley deteGted many faults in thefe edi- 
tions: Philof. Tranf. for 1693, N° 204. + 

Tn this work, Albategni gives the motion of the 
fun’s apogee fince Ptolomy’s time, as well as the motion 
of the Rars, which he makes 1 degree in 70 years. 
He made the longitude of the firft lar of Aries to be 
18* 2’; and the obliquity of the ecliptic 23° 35’ 
And upon Albategni’s obfervations were founded the 
Alphonfine tables of the moon’s motions 3 as is ob- 
ferved by Nic. Muler, in the Tab. Frifice, pas 248. 

ALBERTUS Macwus, a very learned man inthe 
13th century, who, among a multitude of books, 
wrote feveral upon the various mathematical feiences, 
as Arithmetic, Geometry, Perfpective or Optics, Mufic, 
Aftrology and Aftronomy, particularly under the titles, 
de jphara, de aftris, de aftronomia, item Sfpectilum aftrono- 
micum, 

Albertus Magnus was born at Lawingen on the Da- 
nube, in Suabia, in 1205, or according to fome in 
11933 and he died at a great age, at Cologn, Novem- 
ber 15, 1280. Voffius and other authors {peak of him 
as a great genius, and deeply {killed in all the learning 
of the age. His writings were fo numerous, that they 
make 21 volumes in folio, in the Lyons edition of 1615. 
He has paffed alfo for the author of fome writings re- 
lating to midwifery, &c, under the title of De natura 
rerum, and De fecretis mulierum, in which there are 
many phrafes and expreffions unavoidable on fuch a 
fubjeét, which gave great offence, and raifed a clamour 
againft hin as the fuppofed author, and inconfiftent 
with his charaéter, being a Dominican friar, and fome- 
time bithop of Ratifbon; which dignity however he 
foon refigned, through his love for folitude, to enter 
again into. the monattic life. But the advocates of 
Albert affert, that he was not the author of either of 
thefe two works. It muft be acknowledged however, 
that there are, in’ his Comment upon the Mafter of 
Sentenges, fome queflions concerning the praétice of 
conjugal duty, in which he has ufed fome words rather 
too profs for chafte and delicate ears: but they allege 
what he himfelf ufed to fay in his own vindication, 
that he came to the knowledge- of fo many monftrous 
things at confeffion, that it was impoffible to avoid 
touching upon fuch queftions. Albert was certainly a 
man of a moft curious and inquifitive turn of mind, 
which gave rife to other accufations againft him ; fuch 
as, that he laboured to find out the philofopher’s ftone ; 
that he was a magician ; and that he made a machine 
in the fhape of a man, which was an oracle to him, 
and explained all the difficulties he propofed : the com- 
mon cant accufations of thofe times of ignorance and 
fuperftition, But having great knowledge in the ma- 

_ thematics and mechanics, by his ‘kill in thefe fciences 
he probably formed a head, with fprings capable of ar- 
ticulate founds; like the machines of Boetius and others. 

John Mattheus de Luna, in his treatife De Rerum 
Tpventor-bus, has attributed the invention of fire-arms 
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to Albert 3 but in this he is refuted by Naude, in hiv 
Apologie des grands hommes, 

ALBUMAZAR, otherwife called Anuassar, and 
Jarnar, was a celebrated Arabian philofopher agd 
altrologer, of the gth or roth century, or according to 
fome authors much earlier. Blancanus, Voffius, &c, 
fpcak of him‘as one of the moft learned aftronomers of 
his time, or aftrologers, which was then the fame thing, 
He wrote a work De Magnis Conjundionibus Annorum 
Revolutianibus, ac eorum Perfedlionibus, printed at Venice 
in 151, at the expence of Melchior Seffa, a work 
chiefly aftrological. 

He wrote alfo [ntroduflic in Afronomiam, printed in 
the year 1489. And it is reported that he obferved @ 
comet in his time, above the orb of Venus. 

ALCOHOL, in the Arabian Aftrology, i. when a 
heavy flow-moving planet receives another lighter one 
within its orb, fo as to come in conjunction with it. 

ALDEBARAN, an Arabian name of a fixed flary 
of the firft magnitude, juft in the eye of the fign or 
conftellation Taurus, or the bull, and hence it is popu- 
larly called the bull’s eye, For the beginning of the 

ear F8CO, its 
Right Afcénfion is  —- 66° 6 51°10 
Anoual variation in AR Oo © SI °3r 
Declination ~ — 16 5 52 ‘00N. 
And Annual variat, in Decl. 0 0 8 °39 

ALDERAIMIN, a ftar of the third magnitude in 
the right fhoulder of the conftellation Cepheus. 

ALDHAFERA, or Aldbaphra, in the Arabian 
Aftronomy, denotes a fixed ftar of the third magnitude, 
in the mane of the fign or conftellation Leo, the Non, 

. ALEMBERT (Jou te. Ronp D’), an eminent 


(French mathematician and philofopher, and one of the 


brighteft ornaments’ of the 18th century. He was 
perpetual fecretary.to the French Academy of Sci- 
ences, and a member of moft of the philofophical . 
academies and focietics of Europe. 

D’Alembert was born at Paris, the 16th of Novem- 
ber 1717- He derived the name of John le Rond 
from that of the church near which, after his birth, he 
was expofed asa foundling. But his father, informed 
of this circumstance, liftening to the voice of nature and 
duty, took meafures for the proper education of his 
child, and fer his future* fubfiitence in a ftate of eafe 
and independence, His mother, it is faid, wasa lady of 
of rank, the celebrated Mademoifelle Tencin, fifter to 
cardinal Tenein, archbifhop of Lyons. 

He received his firft education among the Janfenilts, 
in the College of the Four Nations, where he gave 
early figns of genius and capacity. In the firk year 
of his philofophical ftudies, he compofed a Commentary 
on the Epiftle of St. Paul to the Romans. The Jan- 
fenifts confidered this production as an omen, that 
portended to the party of Port-Royal a reftoration 
to fome part. of their former {plendor, and hoped to 
find one day in d’Alembert a fecond Pafcal. To ren- 
der this refemblance more complete, they engaged 
their pupil in the ftudy of the mathematics ; but they 
foon perceived that his growing attachment to this 
{cience was likely te difappoint the hopes they had 
formed with refpeét to bis- future deftination: they 
therefore. endeavoured to divert him from this lines 
but their endeavours were fruitlefs, 3 
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On his quitting the college, finding himfelf alone, 


and unconneéted in the world, hefought an afylum in 
the houfe of bis nurfe. He hoped that his fortune, 
though not ample, would enlarge the fubliftgnce, and 
better the condition of her family, which was the only 
one that he could confider as his own. It was here 
herefore that he fixed his refidence, refolving to apply 
imfelf entirely to the Atudy of geometry.—And here 
he lived, during the fpace of 4o years, with the greateft 
- fimplicity, difcovering the augmentation of his means 
only by increaling difplays of his beneficence, conceal- 
ing his growing reputation and celebrity froth thefe 
honeft people, and making their plain and uncouth 
manners the fubje& of good-natured pleafantry and 
philofophical obfervation. His good nurfe perceived 
his ardent activity ; heard him mentioned as the writer 
of many books; but never took it into her head that 
he was a great man, and rather beheld him with a kind 
_of compaffion. ** You will never, faid fhe to him one 
day, be any thing but a philofopher—and what is a 
philofopher ?—a fool, who toils and plagues himfelf 
all his life, that people may talk of him when he is 
dead.” 

Ag d’Alembert's fortune did not far exceed the de- 
mands of neceffity, his friends advifed him to think of 
fome profeffion that might enable him to increafe it. 
He accordingly turned his views to the law, and took 
his degrees in that faculty ; but foon after, abandoning 
this line, he applied himfelf to the fludy of medicine. 
Geometry however was always drawing him back to 
his former purfuits; fo that after many ineffectual 
flruggles to refift its attra€tions, he renounced all views 
of a lucrative profeffion, and gave himfelf up entirely 
to mathematics and poverty. 

In the year i741 he was admitted a member of the 
Academy of Sciences ; for which diftinguifhed literary 
promation, at fo early an age (24), he had prepared 
the way by correéting the errors of a celebrated work 
(The Analyfe Demonirée of Reyneau), which was 
efteemed claflical in France in the line of analytics. He 
afterwards fet himfelf to examine, with clofe attention 
and affiduity, what muft be the motion and path of a 
body, which pafles from one fluid into another denfer 
fluid, ina direction oblique to the furface between the 
two fluids. Every one knows the phenomenon which 
happens in this cafe, and amufes children, under the 


~ denomination of Ducks and Drakes ; but it was @’Alem- 


bert who firit explained it in a fatisfactory and philo- 
fophical manner. 

Two years after his eleGtion to a place in the acade- 
my, he publifhed his Treatife on Dynamics. The new 
principle developed in this treatife; confifted in efta- 
blihing an equality, at each inftant, between the 
changes that the motion of a body has undergone, and 
the forces or powers which have been employed to pro- 
duce them : or, to exprefs the fame thing otherwife, in 
feparating into two parts the action of the moving 
powers, and confidering the oe as producing alone the 
motion of the body, in the fecond inftant, and the 
other as employed to deftroy that which it had in the 
firlt. 

So early as the year 1744, d'Alembert had applied 
this principle to the theory of the equilibrium, and the 
motion of fluids: and all the problems before refolved 
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_in phyfics, beeame in fome meafure its corollaries, 
The difcovery of this new principle was followed by 
that of a new calculus, the firft eflays of which were 
publithed in a Difiourfe on the General Theory of the 
Winds, to which the prize-medal was adjudged by the 
Academy of Berlin in the year 1746, which proved a 
new and brilliant addition to the fame of d’Alembert. 
This new calculus of Partial Differences he applied, the 
year following, to the problem of vibrating chords, the 
yefolution of which, as well as the theory of the ofcil- 
lations of the air and the propagation of found, had 
been but imperfeétly given by the mathematicians who 
preceded him; and thefe were his matters or his 
rivals, : 

In the year 1749 he furnifhed a method of applying 
his principle to the motion of any body of a given 
figure. , He alfo refolved the problem of the precef> 
fion of the equinoxes; determining its quantity, and! 
explaining the phenomenon of the nutation of the ter- 
retrial axis difcovered by Dr, Bradley. 

In 1452, d’Alembert publithed a treatife on the 
Reéfiftance of Fluids, to which he gave the modett title 
of an Ejay ; though it contains a multitude of origi- 
nal ideas and new obfervations. About the fame time 
he publifhed, in the Memoirs of the Academy of Ber- 
lin, Refearches concerning the Integral Calculus, which is 
greatly indebted to him for the rapid progrefs it bas 
made in the prefent century. 

While the ftudies of d’Alembert were confined to 
mere mathematics, he was little known or celebrated 
in his native conntry. His connections were limited to 
a fmall fociety of fele& friends. But his cheerful con- 
verfation, his {mart and lively fallies, a happy knack at 
telling a flory, a fingular mixture of malice of fpeech 
with goodnels of heart, and of delicacy of wit with 

fimplieity of manners, rendering him‘a pleafing and 
interefting companion, his company began to be much 
fought after in the fafhionable circles, His reputation 
at length made its way to the throne, and rendered him 
the objeét of royal attention and beneficence. The 
confequence was a penfion from government, which he 
owed to the friendfhip of count d’Argenfon, 

But the tranquillity of d’Alembert was abated when 
his fame grew more extenfive, and when it was known 
beyond the circle of his friends, that a fine and en- 
lightened tafte for literature and philofophy accompa~ 
nied his mathematical genius. Our author’s eulogift 
afcribes to envy, detraction, &c, all the oppofition and 
cenfure that d*’Alembert met with on account of the 
famous Encyclopédie, or Diétionary of Arts and 
Sciences, in conjun@tion with Diderot. None furely 
will refufe the well-deferved tribute of applaufe to the 
eminent difplays of genius, judgment, and true literary 
tafte, with which d’Alembert_has enriched that great 
work. Among others, the Preliminary Difcourle he 
has prefixed to it, concerning the rife, progrefs, con- 
netions, and affinities ‘of all the branches of human 
knowledge, is perhaps one of the moft capital produc- 
tions the philofophy of the age can boait of. 

Some time after this, d’Alembert publifhed his Pdi- 
lofophical, Hiforical, and Philological Mifcellanies. 





, Thefe were followed by the Memoirs of Chriflina 


queen of Sweden; in which d’Alembert fhewed that he 
was acquainted with the natural rights of mankind, 
: and 
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‘and-was bold enough to affert them, His Effay on the - 
Intercourfe of Men of Letters with Perfons high in Rank 
and Office, wounded the former to the quick, as it ex- 
pofed to the eyes of the public the ignominy of thofe 
fervile chains, which they feared to fhake off, or were 
proud to wear, A lady of the court hearing one day 
the author accufed of having exaggerated the defpotifm 
of the great, and the fubmiffion they require, anfwered. 
flyly, “ If he had confulted me, I would have told him 
* 40M more of the matter.” : 

D’Alembert gave elegant {pecimens of his literary 
abilities in his tranflations of fome fele& pieces of 
Tacitus, But thefe occupations did not divert him 
from his mathematical ftudies: for about the fame time 
he enriched the Encyclopédie with amultitude of excel- 
lent articles in that line, and ‘compofed his Refearches 
on feveral Important Points of the Syftem of the World, 
in which he carried to a higher degree of perfection 
the folution of the problem concerning the perturba- 
tions of the planets, that had feveral years before been 
prefented to the Academy. : 

In 1759 he publithed his Elements of Philofophy: a 
work much extolled as remarkable for its precifion and 
perfpicuity. 

“The refentment that was kindled (and the difputes 
that followed it) by the article Geneva, inferted in the 
Encyclopédie, are well known, D’Alembert did not 
Jeave this field of controverfy with fying colours. Vol- 

“taire was an auxiliary in the Conteh but as he had 
no reputation to lofe, in point of candour and decency 5 
andas he weakened the blows of his enemies; by throw- 
ing both them and the fpeétators into fits of laughter, 
the iffue of the war gave him little uneafinefs. It fell 
more heavily on d’Alembert ; and expofed him, even 
at home, to much contradiétion and oppofition. 

Tt was on-this occafion that the lafe king of Pruffia 
offered him an honourable afylum at his court, and the 
office of prefident of his academy and the king was 
not offended at d’Alembert’s refufal of thefe diftinc- 
tione, but cultivated an intimate friendfhip with him 
during the reft of his life. He had refufed, fome time 
hefore this, a propofal made by the emprefs of Ruffia 
to entruft him with the education of the Grand Duke; 
—a propofal accompanied with all the flattering offers 
that could tempt a man, ambitious of titles, or defrrous 
of: making an ample fortune: but the objetts of his 
ambition were tranquillity and ftudy. 

In the year 165, he publithed his Difértation on the 
Deftruction of the Fefuits, This piece drew upon him 
a. fwarm of adveriaries, who only confirmed the merit 
and credit of his work by their manner of attacking 


ate 
Befide the works already mentioned, he publifhed 
nine volumes of memoirs and treatifes, under the title 
of Opufcules 3 in which he has refolved-a “multitude. of 
problems relating to aftronomy, mathematics, and na- 
tural philofophy ; of which his panegyrift, Condorcet, 
gives a particular account, more efpecially of thofe 
which exhibit new fubjeéts, or new methods of invel- 
tigation. : 
He publified alfo Elements of Mufic; and _reridered, 
at length, the fyftem of Rameauintelligible: but he did 
. not think the mathematical theory of the fonorous body 
dufficient to account for the rules of that arg. 
I = 
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In the year 1772 he was. chofen fecretary to the 
French Academy of Sciences. He formed, foon after 
this preferment, the defign of writing the lives of all 
“the deceafed academicians, from. 1700 to 1772; and 
in the fpace of three years he executed this defign, by 
éompofing 70 eulogies. : 

D’Alembert died on the ye of O€tober 1783, 
being neatly 66 years of age. ¥ In his moral charac- 
ter there were many amiable lines of candour, modefty, 
difintereftednefs, and beneficence; which are ‘defcri- 
bed, with a diffufive detail, in his eulo ium, by Con« 
Worcet, in the Hif, de l’Acad, Royale des Sciences, 
1783. - : 

As it may be curious and ufeful to have in one 
view an entire lift of d’Alembert’s writings, I fhall here 
infert a catalogue of them, from Rozier’s Nouvelle 
Table des Articles contenus dans les volumes de P Acade~ 
mie Royale des Sciences de Paris, &c, a8 follows : 

Traité de Dynamique, in gto, Paris, 1743. The 2d 
ed. in 1758. 

_Traité de PEquilibre et du Mouyement des Fluides. 
Paris, 174.4; and the 2d edition in 1770. 

Reflexions fur la Caufe Générale des Vents; which 
gained the prize at Berlin in 17465 and was printed at 
Paris in 1747, in 4to. , 

Recherches fur la Préceffion des Equinoxcs, & fur la 
Nutation de 1 Axe de la Terre dans le Syflime Newtonien. 
Paris, 1749, in 4to. 

Effais d'une Nouvelle Théorie du Mouvement des 
Fluides, Paris, 1752, in gto. = 

Recherches fur differens Points importans du Syfeme 
du Monde. Paris, 1754 and 176, 3 vol. in 4to. 

Elemens de Philofophie, 1759+ 

Opufeules Mathematiques, ou Memoires fur différens 
Sujets de Géométrie, de Méchaniques, d’Optiques, 
@’Aftronomie. Paris, g vol. in 4to; 1761 to 1773. 

\ Elémens de Mufique, théorique &_ pratique, fuivant 
les Principes de M. Rameau, cclairés, développés, & 
fimplifiés. “1 vol. in 8vo. a Lyon. 

De la Deftrudiion des Fefuites, 1765+ 

In the Memoirs of the Academy of Paris are the 
following pieces, by d’Alembert : viz, 

Précis de Dynamique, 1744, Hilt. 164. 

Précie de VEquilibre & de Mouvement des Fluides, 
1744, Hift. 55. 

Methode générale pour déterminer les Orbites & les 
Mouvements-de toutes les Planttes, en ayant égard a 
leur action mutuelle, 1745, p. 365+ 
. Précis des Réflexions fur la Caufe Générale des 
Vents, 1750, Hitt. 41. . 

Précis des Recherches for la Préceffion des Equi- 
noxes, et fur la Nutation de Axe de la Terre dans 
le Syft8me Newtonien, 1750, Hilt. 134. ’ : 

Effai Yune Nouvelle Théorie fur la Réfiflance des 
Fluides, 1752, Hift. 116. ‘ 

Précis des Effais d'une Nouvelle Théorie de Ia Ré- 


_ fiftance des Fluides, 1753, Hift. 289. 


Précis des Recherches fur les differens Points im- 
portans du Syftime du Monde, 1754, Hift. 125. 

Recherches far la Préceffion des Equinoxes, & far la 

Nutation de Axe de la Terre, dans ’ Hypothefe de la 

Diffimilitude des Méridiens, 1764, p» 413, Hitt. 
116. 

Reponfe Aun Article du Mémoire de M. P Abbe ae 

a 
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la Caille, fur la Théorie du Soleil, 1757, p. 145, 
Hit. 118, 

Addition 3 ce Mémoire, 1757) p> 567, Hitt. 118. 

_ Présis des Opufcules Mathematiques, 1761, Hilt. 86. 

Précis du troifieme volume des Opufcules Mathéma- 
tiques, 1764, Hitt 92. 

Nouvelles Recherches fur les Verres Optiques, pour 
fervir de fuite 4 la théorie qui en A été donnée dans le 
volume 3° des Opufcules Mathématiques. Premier 
Mémoire, 1764, p. 75, Hilt. 175. 

Nouvelles Recherches fur les Verres Optiques, pour 
fervir de fuite a la théorie qui ena été donnée dans le 
troifiéme volume des Opuicules Mathématiques. Se- 
cond Mémoire, 1765, p. 53. 

Objervations fur les Lunettes Achromatiques, 1765, 
p- 53. Hitt, 119. 

Suite. des Recherches fur les Verres Optiques. 
Troifiéme Mémoire, 1767, p. 43, Hitt. 153. 

Recherches fur le Calcul Intégral, 1767, p. 573+ 

Accident avrivé par l’Explofion dune Meule d’iimou- 
leur, 1768, Hitt, 31. 

Pricis des Opufcules de Mathématiques, 4° & 5° 
volumes. Leur Analyfe, 1768, Hift. 83. 

Recherches {ur les Mouvemens de ? Axe d’une Planete 
quelconque dans Phypothefe de la Diffimilitude des Mé- 
ridienes, 1768 p. 1, Hift. gs. 

Suite des Recherches fur les Mouvemens, &c, 1768 
Pp. 332, Hilt. 95. 

Recherches fur le Calcul Intégral, 1769, p. 73+ 

Mémoire {ur les Principes de la Mech. 1769, p. 278. 

And in the Memoirs of the Academy of fle, are 
the following pieces, by our author: viz, 

praia fur le Calcul Intégral, premiere partie, 
1749. 

"Solution de quelques problemes d’aftronomie, 1747. 

Recherches fur la courbe que forme fine Corde Tendue, 
mife en Vibration, 1747. 

Suite des recherches fur le Calcul Intégral, 1748. 

Lettre 4 M. de Maupertuis, 1749. 

Addition aux recherches fur Ia courbe que forme une 
Corde Tendue mife en Vibration, 1750. 

Addition aux recherches fur le Calcul Intégral, 1750, 

Lettre 4 M, le profefleur Formey, 1755. 5 

Exir, de differ. lettres a M. de la Grange, 1763, 

Sur les Tautochrones, 1 We 

Eatr, de differ. lettres A M. de la Grange, 1769. 

Alfo in the Memoirs of Turin are, 

Differentes Lettres 4 M.de la Grange, en 1764 & 
1765, tom. 3 of thefe Memoirs. 

Recherches far differens fujets de Math, t. 4. 

ALFECCA, or Alfeta, a name given to the flar 
commonly cailed Lucida Coron. 

ALFRAGAN, Atrercant, or FarGant, a cele- 
brated Arabic aftronomer, who. flourifhed about the 
year 800. He was fo called from the place: of his na- 
tivity, Fergan, in Sogdiana, now called Maracanda, or 
Samiarcand, anciently a part of Badtria. He is alfo 
called Ahmed (or Muhammed) ben-Cothair, or Katir. 
He wrote the Elements of Aftronomy, in 30 chapters 
or feGions. In this work the author chiefly follows 
Ptolomy, ufing the fame hypothefes, and the fame terms,, 
and frequently citing him. 

There are three Latin tranflations of Alfragan’s 
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work, The firll was made in the rth century, by 
Joannes Hifpalenfis; and was publifhed at Merrara ine 
1493, and at Nuremberg in 1537, with a preface by 
Melan&thon, The fecond was by James Chriftman, 
from the Hebrew verfion of James Antoli,and appeared 
at Frankfort in 1590. Chriftman added to the firft 
chapter of the work an ample commentary, in which he 
compares together the calendars of the Romans, the 
Egyptians, the Arabians, the Perfians, the Syrians, and 
the Hebrews, and fhews the correfpondence of their 
CAalSe 

The third and belt tranflation was made by Goltus, 
profeffor of mathematics and Oriental languages at 
Leyden: this work, which came out in 1669, after 
the death of Golius, is accompanied with the Arabic 
text, and many learned notes upon the firft nine chap~ 
ters; for this author was not {pared to carry them 
farther. 

ALGAROTI, commonly called Count Algaroti, a 
celebrated Italian of the prefent century, well filled in 
Architecture and the Newtonian philofophy, &c.  Al- 
garoti was born at Padua, but in what year has not 
been mentioned. Led by curiofity, as well as a delire 
of improvement, he travelled early into foreign countries 5 
and was very young when he arrived in France in 1736. 
It was here that he compofed his Newtonian Philofophy 
for the Ladies, as Fontenelle had done his Cartefian 
Aftronomy, in the work intitled The Plurality of Worlds. 
He was much noticed by the king of Pruffia, who. 
conferred on him many marks of his efteem. He died 
at Pifa the 23d of May, 1764,and gave orders for his 
own maafoleum, with this infeription upon it; His 
Jacet Algarotus, fed non omnis. He was elteemed to be 
well fkilled in painting, feulpture, and architeéture. 
His works, which are numerous, and upon a variety of 
fubje€ts, abound with vivacity, elegance, and wit: a 
colle&tion of them has lately been made, and printed 
at Leghorn; but that for which he is chiefly, intitled 
to’ a place in this work is his Mewwtonian Philcfuphy for 
the Ladies, a {prightly, ingenious, and popular work. 

ALGEBRA, a general method of refolving ma- 
thematical problems by means of equations, Or, it is 
a method of performing the calculations of all forts of 
quantities by means of general figns or characters, At 
fir, numbers and things were exprefled by their names 
at full length; but afterwards thefe were abridged, 
and the initials of the words ufed inftead of them; and, 
as the art advanced farther, the letters of the alphabet 
came to be employed as general reprefentations of all 
forts of quantities; and other marks were gradually 
introduced, to expref$ all forts of operations aad com- 
binations; fo as to entitle it to different appellations— 
univerfal arithmetic, and literal arithmetic, and the 
arithmetic of figns. 

The etymology of the name, Algebra, is given in 
various ways. It is pretty certain, however, that the 
word is Arabian, and that from thofe people we had 
the name, as well as the art itfelfy as is teltified by 
Lucas le Burgo, the firft Eviropean author whofe trea- 
tife was printed on this art, and who alfo refers to for- 
mer authors and matters, from whofe writings he had 
learned it.. The Arabic name he gives it, is Algbebra 
¢ Almuycapala, which. is explained to fignify the art of 

. refiitution 
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roflitution and comparifon, or oppofition and comparifon, or 


refolution and equation, all which agree well enough with 
the nature of this art. Some however derive it from 
various other arabic words ; as from Geber, a celebrat- 
ed philofophtr, chemiit, and mathematician, to whom 
alfo they afcribe the invention of this fcience: fome 
likewife derive it from the w6rd Geber, which with the 
particle a/, makes Algeber, which is purely Arabic, 
and fignifies the reduction of broken numbers or frace 
tions to integers. 

But Peter Ramus, in the beginning of his Algebra, 
fays * the name Algebra is Syriac, fignifying the art 
and doétrine of an excellent man. For Geder, in Syriac, 
is a name applied to men, and isfometimes a term of ho- 
nour, ae maiter or dogtor among us. That there was a 
certain Jearned mathematician, who fent his Algebra, 
written in the Syriac language, to Alexander the Great, 
and he named it A/mucabala, that is, the book of dark or 
myfterious things, which others would rather call the 
doétrine of Algebra. And to this day the fame book 
‘is in great eftimation among the learned in the oriental 
nations, and by the Indians who cultivate this art it is 
called Aljabra, and Alboret ; though the name of the 
author himfelf is not known.” But Ramus gives no 
authority for this fingular paragraph. It has bowever 
on various occafions been diftinguifhed by other names. 
Lucas Paciolus, or de Burgo, in Italy, called it Arte 

» Magiore: ditta dal wulgo la Regola de la Cofa over Al- 
ghebrae Almucabala ; calling it PArte Magiore, ov the 
greater art, to diftinguifh it from common arithmetic, 
which is called ?-Arte Minore, or the leffer art. It feems 
too that it had’been long and commonly known in his 
country by the name Regola de la Cofa, or Rule of the 
Thing ; from whence came our rule of cofs, cofic num= 
bers, and fuch like terms. Some of his countrymen 
followed his denomination of the art ; but other Italian 
and Latin writers called it Regula rei & cenfus, the rule 
of the thing and the produa, or the root and the 
{quare, as: the unknown quantity in their equations 
commonly afcended no higher than the {quare or fecond 
power. From this Italian word cenfus, pronounced 
chenfus, came the barbarous word zenzus, ufed by the 
Germans and others, for quadratics ; withthe feveral zen- 
zic or {quare roots, And hence %, 3, ¢f> which 
are derived from the letters *, z, c, the initials of res, 
zenzus, cubus, or root, fquare, cube, came to be the 
figns or charatters of thefe words: likeas R and i, 
derived from the letters Ry r, became the figns of radi- 
cality. 

Later authors, and other nations, ufed fome the one 
of thofe names, and fome another. It was alfo called 
Specious Arithmetic by Vieta, on account of the fpecies, 
or letters of the alphabet, which he brought into ge- 
neral ufe; and by Newton it was called Univerfal 
Arithmetic, from the manner in which it -performs all 
arithmetical operations by general fymbols, or indeter- 
minate quantities. 

Some authors define algebra to be the art of refolving 
mathematical problems: but this is the idea of analyfis, 
or the analytic art in general, rather than of algebra, 
“which is only one particular fpecies of it. 


Indeed algebra properly confilts of two parts: firlt, 


the method of calculating magnitudes or quantities, as 


"_reprefented by letters or other characters: and fecondly 
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the manner of applying thefe calculations in the fola- 
tion of problems. 

In algebra, as applied to the refolution of problems, 
the firlt bufinefs is to tranflate the problem out of the 
common into the algebraic language, by expreffing all 
the conditions and quantities, both known and un- 
known, by their proper characters, arranged in an 
equation, or feveral equations if neceffary, and treat- 
ing the unknown quantity, whether it be number, or 
line, or any other thing, in the fame way as if it were 
a known one: this forms the compofition. Then the 
refolution, or analytic part, is the difentangling the un- 
known quantity from the feveral others with which it 
js conneéted, fo as to retain it alone on ene fide of the 
equation, while all the other, or known, quantities, 
are colleéted on the other fide, and fo giving the value 
of the unknown one. Andas this difentangling of the 
quantity fought, is performed by the converfe of the 
operations by which it is conneéted with the others, 
taking them always backwards in the contrary order, 
it hence becomes a fpecies of the analytic art, and is 
called the modern analyfis, in contradiftin€tion to the 
ancient analyfis, which chiefly refpe€ted geometry, and 
its applications. 

There have arifen great controverfies and fharp dif 
putes among authors, concerning the hiftory of the 

rogrefs and.improvements of Algebra; arifing partly 
rom the partiality and prejudices which are natural to 
all nations, and partly from the want of a clofer exa- 
mination of the works of the older authors on this fub- 
je€t. From thefe caufes it has happened, that the im- 
provements made by the writers of one nation, have 
been afcribed to thofe of another ; and the difcoveries of - 
an earlier author, to fome one of much later date. Add to 
this alfo, that the peculiar methods of many authors 
have been defcribéd {o little in detail, that our informa- 
tion.derived from fuch hiftories, is but very imperfect, 
and amounting only to fome Sap and vague ideas of 
the true ftate of the arts. To remedy this inconveni- 
ence therefore, and to reform this article, I have taken 
the pains carefully to read over in fucceffion all the old- 
er authors on this fubje&t, which I have been able to 
meet with, and to write down diftin@lly a particular ac- 
count and defcription of their feveral compofitions, as 
to their contents, notation, improvements, and pecu- 
liarities ; from the comparifon of all which, I have ac- 
quired an idea more precife and accurate than it was pof- 
fible to obtain from other hiftories, and in a great many , 
inftances very different from them. The full detail of 
thefe defcriptions would employ a volume of itfelf, 
and would be far too extenfive for this place: I mutt 
therefore limit this article to a very brief abridgment of 
my notes, remarking only the moft material ctrcum- 
ftances in each author ; from which a general idea of 
the chain of improvements may be perceived, from the 
firft rude beginnings, down to the more perfect ftates 
from which it will appear that the difcoveries and im- * 
provements made by any one fingle author, are fearcely | 
ever either very great or numerous ; but that, on the ~ 
contrary, the improvements are almoft always very flow 
and gradual, from former writers, fucceflively made, 
not yy great leaps, and after long intervals of time, 
but by gradations which, viewed in fucceffion, become 


_ almoft imperceptible, 
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». Aste the origin of the analytit art, of which Alge- 
bra is a {pecies, tt is doubtlefs as old &8 any {cience in the 


world, being the natural method by which the mind in-_ 


veltigates trutlis, caufes, and theories, from their ob- 
ferved effe€ts and properties. Accordingly, traces of 
it are obfervable in.the works pf the earlieft philofo- 
phers and mathematicians, the fubje@ of whofe enqui- 
ries moft of any require the aid of fuch an.art. And 
this procefs conflituted their Analytics. Of that part 
* of analytics however which is properly called Algebra, 
the oldeft treatife which has come down to us, is that 
of Diophantus of . Alexandria, who flourifhed about the 
year 350 after Chrif, and who wrote, in the Greck Jan- 
age, 13 books of Algebra.or Arithmetic, as mentioned 

fy himfelf at the end of his addrefs to Dionyfius, though 
only 6 of them have hitherto heen printed; and an im- 
erfe& book on multangelar numbers, namely in a 
Eatin tranflation only, by Xilander, in the year 1575, 
and afterwards in 1621 and 1670 in Greek and Latin 

. by Gafpar Bachet. Thefe books however do not con- 
tain a treatife on. the elementary parts of Algebra, but 
only collections of difficult queftions relating to fquare 
and cube numbers, and other curious propertics of 
numbers, with their folutions. And Diophantus only 
prefaces the books. by an addrefs to one Dionyfius, 
for whofe ufe it was probably written, in which he 
jt mentions certain precognita, as it were to prepare 
im for the problems themfelves. In thefe. remarks he 
fhews the names and generation of the powers, the 
fquare, cube, 4th, 5th, 6th, &c, which he calls dyria- 
mis, cubus, dynamodinamis, dynamocubus, cubocu- 
bus, according to the fum of the indices of the powers ; 
and he marks thefe powers with the initials thus 3°, «, 

” BW, x7) &e: the unknown quantity he calls fimply 
epOpoc, numerus, the number ; and in the folutions he 
commonly marks it by the final thus 7; alfohe denotes 
the monades, or indefinite unit, by «°. Diophantus there 
remarks on thé multiplication and divifion of fimple fpe- 
Cies together, fhewing what powers or fpecies they pro- 

» duce ; declares that minus (aw)i¢) multiplied by minus 
produces plus (vwapf~) ; but that minus multiplied by 
plus, produces minus; and that the mark ufed for mi- 
hus'is t, namely the s} inverted and curtailed, but he 
ufés no mark for plus, but a word or conjunétion copu- 
Tative. As to the operations, viz. of addition, fub- 
traGion, multiplication, and divifion of compound 
Species, or thofe conneéted by plus and minus, Dio- 
hantus does not teach, but fuppofes his reader to 
now them, He then remarks on the preparation 

. or fimplifying of the equations that are ‘derived from 
* the queftions, which we call redu@ion of equations, 
by colleSting like quantities together, - adding quan- 
tities that are minus, and fubtraéting fuch as are 
plus, called by the moderns Tranfpofition, fo as to bring 
the equation to fimple terms, and then deprefling it to 
a lower degree by equal divifion when the powers of the 
unknown quantity are in every term: which prepara- 
tion, ov redu€tion of the complex equation, being now 
made, or reduced to what we call a'final equation, Dio- 
phantus goes no farther, but barely fays what the root 
or res ignota is, without giving any rules for finding it, 
or ‘for the refolution of equations ; thereby intimating 
that fuch rules were to be found in fome other work, 


done either by himfelf or others, Of the body of the 
Vou. L i 
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work, Zi. 1 contains 43 queftions, converning one, 
two, three, of four unknown numbers, having certain 
relations to each other, viz. concerning their fine dif- 
ferences, ratios, produ€is, fquares, fums and differen- 
ces of fquares, &c, &e 3 but none of them concerning 
either {quare or ‘cubic numbers. Lid. 2 contains 36 
quefticns, The firit five queftions are concerning two 
numbers, though only one condition is given in each 
queftion; but he fupplics another by affuming the num- 
bers in a given ratio, viz. as 2to 1. ‘The 6th and 9th 
contain cach two conditions: then in the 8th queftion 
he firft comes to treat of fquare numbers, which is this, 
to divide a given fquare number into two other {quares ; 
and the gth is the fame, but performed in a different 
way: the reit, to the end, are, almoit all, aout one, 
two, or three fquares. “Lid..3 contains 24 queftions 
concerning fquares, chiefly including three or four num. 
bers. Lid. 4 begins ‘with cubes; the firft of which is 
this, to divide a givea number into two cubes whofe 
fides thall have a given fum: here he has occafion to 
cube the two binomials 5 +2 and s—n; the manner of 
doing which fhews that he knew the compofition of the 
cube of a binomial; and many other places manifeft the 
fame thing, Only part of the quedicns in this book 
‘are concerning cubes ; the reft are relating to {quares, 
‘Two or three queftions in this book have general folu- 
tions, and the theorems deduced are general, and for a: 
numbers indefinitely ; but all the iker queftions, in 
the four booke, find only particular numbers. Lid. 5 is 
alfo concerning fquare and cube numbers, but of a more 
difficult kind, beginning with fome that relate to num~ 
bers in geometrical progreffion. Lid. 6 contains 26 pro- 
pofitions, concerning night-angled triangles; fuch as to 
make their fides, areas, perimeters, &c, &c, {quarey 
or cubes, or rational, &c. In fome pm of this book 
it appears, that he was acquainted with the compelition 
of the 4th power of the binomial root, as he fets down all 
the terme of it ; and, from his great fkill in fuch matters, . 
it feems probable that he was acquainted with the compo. 
fition of other higher powers, and with other parts of Al- 
gcbra, befides what are here treated of. At the end is part | 
of a book, in 10 propofitions, concerning arithmetical pro- 
greffions, and multangular or polygonal numbers.” Dio- 
phantus once mentions a compound quadratic equation ; 
but the refolution of his queitions. is by fimple equa- 
tions, and by means of only one unknown letter or cha- 
ragter, which he choofes fo ingenioufly, that all the 
other unknown quantities in the queftion are eafily ex- 
preffed by it, and the final equation reduced to the fim- 
pleft form which it feems the queftion can admit of, 
Sometimes he fubftitutes for a number fought, immedi- 
ately, and then ewpreffes the other numbers or condi+ 
tions by it: at other times he fubftitutes for the fum or 
difference, &c, and thence derives the reft, fo as always 
to obtain the expreffions in the fimpleft form. Thus, 
if the-fum of two numbers be given, he fubftitutes for 
their difference ; and if the difference be given, he fub- 
ftitutes-for their fum :.and in both cafes he has the two 
numbers ecfily exprefled by adding and fubtraGting the 
half fum and-half difference ; and fo in other cafes he 
ifes other fimilar ingenious notations. In fhort, the 
chief excellence in this collection of queftions, which 
feems to be only a fet of exercifes to fome rules which 
had been given elfewhere, is the neat mode of fubftitu- 
tion or notation; which being once madz, the reduc- 
: tion 


” tranflat 


_ever, as he contrives 
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tion to the-finel equation is eafy and evident : and there 
he leaves the folution, only mentioning that the root or 
apopesis fo much. Upon the whole, this work is treated 


in a very able and malterly manner, manifefting the ut~ 
moft addrefs’and knowledge in the folutions, and fore 


cing a perfuafion that the author was deeply fkilled in” 


the f{cience of Algebra, to fome of the moft abitrufe 
parts of which thefe queftions or exercifes relate. How- 
his affumptions and fotations fo 
as to reduce all his conditions to a fimple equations or 
at leaft a fimple quadratic, it does not appear what his 


* knowledge was in the refolution of compound or affect- 


ed equations. 2 tt 

But although Diophantus was the firft author on Alge- 
bra that we now know of, it was not from him, but from 
the Moorsor Arabians that we received the knowledge 
of Algebra in Europe, ‘as well as that of moft other 
feiences. And it is matter of difpute who were the 
firft inventors of it; fome afcribing the invention to 
the Greeks, while others fay:that the Arabians had it 
from the Perfians, and thefe from the Indians, as well 
ae the arithmetical method of computing by ten cha- 
saéters, or digits; but the Arabians, themfelves fay it 
was invented amongft them by one Mahomet ben Mufa, 
‘or fon of Mofes, who it feems flourifhed about the 8th 
or oth century. It is mofe ‘probable, however, that 
Mahomet was not the inventor, but only a perfon well 
fkilled in the art; and it is farther probable, that the 
‘Arabians drew their firft knowledge of it from Dio- 
phantus of other Greek writers, as they did that ‘of 
Geometry and other fciences, which they-improved and 
into their own language; and from them it 
was that we received thefe foiences, before the Greek 
authors were known to us, after the Moors fettled in 
Spain, -and after the Europeans began to hold commy- 
nications with them, and that our countrymen began 
to travel amonigft them to learn the fciences. And ac- 
cording to the teftimony of Abulpharagius, the Arith- 
metic of Diophantus was tranflated in Arabic by Ma- 
But. whoever were the 
jnventors and frit cultivators of Algebra, it is certain 
that the Europeans firft received the knowledge, as 
well as the name, from the Arabians or Moors, in con- 
fequence of the ‘clofe intercourfe which fubfifted ‘“be- 
tween them for feveral centuries. And it appears that 
the art was pretty generally known, and much culti- 
wated, at leaftin Italy, if not in other parts of Europe, 
alfo; long before the invention of printing, as many 
writers upon the art are-ftill extant in the libraries of 
manufcripts ; and the firft authors, prefent]y after the 
invention of printing, fpeak of many former writers 
on this fubje@, from whom they Icafned the art. 

It was chiefly among the Italians that this art was 
frit cultivated in Europe. And the firft author whofe 
works wehave in print, was Lucas Paciolus, or Lucas 
de Burgo, a Cordelier, or Minorite Friar. He wrote 
feveral treatifes of Arithmetic, Algebra, and Geome- 
try, which were printed in the years 1470, 1476, 1481, 
1487, and in 1494 his principal work, intitled Summa 
de Arithmetica, Geometria, Proportioni, et Proportionalita, 
is a very mafterly and com i 
ces, asthey then flood. In this work he mentions va- 
sjous former writers, as Euclid, St. Auguftine, ‘Sacro- 
bofco or Halifax, Boetius, Prodecimo, Giordano, 
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Biagio da Parma, and Leonardus Pifanus, from whom 
he learned thofe {ciences. The order of the work is, 
ft Arithmetic, 2d Algebra, and 3d Geometry. of 
the Arithmetic the contents, and the order of them, 
are nearly as follow, Firlt, of numbers figurate, odd 
and even, perfeét, prime and compolite, and many 
others. ‘Then of Common Arithmetic in 7 parts, namely 
numeration or notation, addition, fubtraGtion, multi- 
plication, divjfion, progreffion, and extraction of roots, 
Before him, he fays, duplation and mediation, or dou- 
bling and halving, were accounted two rules in Avithme- 
tic; but that he omits them, as being included in multi- 

lication and divifion. He afcribes the prefent notation 
and method of Arithmetic to the Arabs; and fays that 


-according to fome the word Abaco is a corruption of 


‘Modo Arabico, but that according to others it was from 
a Greek word, All thofe primary operations he both per> 
forms and demonftrates in various ways, many of which 
are not jn ufe at prefent, proving them not only by 
what is called cafting out the nines, but alfo by cafting 
gut the fevens, and otherwife: In the extraction of 
roote he ufes the initial R, for a root; and when the 
roots can be extraéted, he calls them difcrete or ta~ 
tional ; otherwife furd, or indifcrete, or irrational. The 
{quare root is extracted much the fame way as at pre» 
fent, namely, dividing ‘always the laft remainder by 
double the root found; and fo he continues the furd 
roots continually nearer and nearer in vulgar fractions. 
Thus, for the root.of 6, he firfts finds the neareft whole 
number 2, and the remainder 2 alfo 5 then 2 or + is the 
firft correétion, and 2% the fecond root: its {quare is 6, 
therefore 4 divided by 5, oF xo is the next correction, 
and 2£ minus 4’, or 2 yf is the 3d root: its {quare is 
6zha, therefore bz divided by 4 ee3 OF z yao isthe 3d 
correction, which gives 274% for the ath root, whofe 
fquare exceeds 6 by only zyxtroo? and fo on con 
tinually : and this procefs he calls approximation. He-- 
obferves that. fraGtions, which he {ets down the fame 
way as we do at prefent, are extraéted, by taking the 
root of the denominator, and of the denominated, for 
fo-he calls the numerator: and when mixed numbers: 
occur, he direéts to reduce the whole to a fraGtion, and 
then extra@ the roots of itstwo terms as above : as if 
it be 1245 this he reduces to 49, and then the roots give: 
Zor 3%: in like manner he finds that 4% is the root of 
20}; $3} the root of 3043 “and fo on (he adds) in. 
infinitum ;” which fhews that he knew how to form the. 
feries of {quares by addition. He then extra&ts the” 
cube root, by a rule much the fame-‘as that which is. 
ufed at prefent ; from which it appears that he was. 
well acquainted with the co-efficients of the binomial’ 
cubed, namely 1, 3) 35 13 and he dire&ts how the 
operation may be continued “ in infinitum’® in fractions, 
like as in the fquare root. After this, he defcribes. 
geometrical methods for extraéting the fquare and cube 
roots inftrumentally : he then treats profelfedly of vulgar 
fra€tions, their reductions, addition, fubtrattion, and. 
other operations, much the fame as at prefent :/ then of 
the rule-of-three, gain-and-lofs, and other rules ufed by:' 
merchants. : 4 7 
Paciolus next enters on the algebraical part of this 
work, which he ealls *¢ L’ Arte Magiore ; ditta dal vulgo; 


. Ia Regola dela Cofa, over Alghebrae ‘Almucabala :” which’ 


la& name be explains. by refauratio & appofitio, and: 
m4 affigns 
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allfgns as a reafon for the firt name, becaufe it treats of 
things above the common affairs in bufinefs, which 
make the Arte Minore. Here he afcribes the invention 
of Algebra to the Arabians, and denominates the feries 
of powers, with their marks or abbreviations, as 2°. 
or numero, the abfolute or known number ; co. or co/a, 
the thing or 1ft power of the unknown quantity; ce. 
or cenfo, the produ& or fquare; cu. or cubo, the cube, 
or 3d power 5 ce. ce, or cenfo de cenfo, the {quare-fquared, 
or 4th power; °. 7°. or primo relato, or sth power ; 
ce. cus or cenfo de cubo, the fquare of the cube, or 6th 
power; and fo on, compounding the names or indices 
according to the multiplication of the numbers 2, 3, &c, 
and not according to their fum or.addition, as ufed by 
Diophantus. He defcribes alfo the other characters 
made ufe of in this part, which are for the moft part no 
more than the initials or other abbreviations of the words 
- themfelves ; as R, for radici, the root ; Ri. R. radici de 
radici, the root of the root; R. u. radici univerfale, or 
radici legata, or radici unita; R cu. radici cuba; and 
Ck quantita, quantity ; p for pix or plus, and m for 
meno or minus; and he remarks that the neceffity and 
ufe of thefe two laft charaters are for conneéting, by 
additian or fubtraction, different powers together ; as 
300. P» 4.cé mM. 5 cue py 2 ce. ceom, Oni, that is, 3 
cofa piu 4 cenfa meno 5 cubo piu 2 cenfa-cenfa meno 
6 numeri, or, a8 we now write the fame thing, 3x + 4a* 
— 5x3 + 244-6. He firlt treats very fully of pro- 
portions and proportionalities, both arithmetical and 
geometrical, accompanied with a large colleétion of 
quettions concerning numbers in continued proportion, 
refolved by akind of Algebra. He then treats of e/ Ca- 
taym, which he fays, according to fome, isan Arabic or 
Phenician word, and fignities the Double Rule of Falfe 
Pofition : but he.here treats of both fingle and double 
se as we do at prefent, dividing the e/ Cataym into 
fingle and double. He gives alfo a geametrical demon- 
ftration’ of both the cafes of the erfors in the double 
rule, namely when the errors are both plus or both 
minus, and when the one error is plus and the other 
minus; and adds a large collection of queftions, as ufual. 
He then goes through the common operations of Al- 
gebra, with all the variety of figns, as to plusand minus; 
proving that, in multiplication and divifion, like figns 
give plus, and unlike figns give minus. He next treats 
of different roots in infinitum, and the extraGiion of 
Toots; giving alfo a copious treatife or radicals or furds, 
as to their addition, fubtraétion, multiplication and 
atvifion, and that both in fquare roots and cube roots; 
and in the two together, much the fame as at prefent. 
He makes here a digreffion concerning the 15 lines in 
the roth book of Euclid, treating them as furd numbers, 
‘and teaching the extraétion of the roots of the fame, 
or of compound furds or binomials, fuch as of 23 p 
448, or of R18 p i 103 and gives this rule, among 
feveral others, namely: Divide the firft term of the bi- 
“nomial into two fuch parts that their product may be 4 
ofthe number in the fecond term; then the roots of 
thofe two parts, connected by their proper fign p or m, 
is the root of the binomial ; as in this 23 p R 448, the 
two parts of 23 are 7 and 16, whofe product, 112, is ¢ 
of 448, therefore their roots give 4p R. 7 for the root 
Beu239 R 448. He next treats of equations both 
fimple and quadratic, or fimple and compound, ae be 
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calls it; ‘and this latter he performs by completing the 
{quare, and then extra€ting the root, juft as we do at 
prefent. He alfo refolves equations of the fimple 4th 
power, and of the 4th combined with the 2d powers 
which he treats the fame way as quadratica; exprefling 
his rules in a kind.of bad verfe, and giving geometrical 
demonttrations of all the cafes, He ufes both the roots 
or values of the unknown quantity, in that cafe of the 
quadratics which has two pofitive roots; but he takes 
no .notice of the negative roots in the other two cafes. 
But as to any other compound equations, fuch as the 
cube and any other power, or the 4th and ift, or qth 
and 3d, &c, he gives them up as impoffible, ‘or at leaft 
fays that no general rule has yet been found for them, 
any more, he adds, than for the quadrature of the circle. 
—The remainder of this part is employed on rules in 
trade and merchandifc, fuch as Felfowfhip, Barter, Ex- 
change, Intercft, Compofition or Alligation, with 
various other cafes in trade. And in the third part of 
the work, he treats of: Geometry, both theoretical and 
practical. : 

From this account of Lucas'de Burgo’s book, we 
may perceive what was the flate of Algebra about the 
year 1500, in Europe ; and probably it was much the 
fame in Africa and Alia, from whence the Europeans 
hadit. It appears that their knowledge extended only 
to quadratic equations, of which they ufed only the 
pofitive roots; that they ‘ufed only one unknown 
quantity ; that they had no marks or figns for either 
quantities or operations, excepting only fome few ab- 
breviations of the words or names themfelves; and 
that the art was only employed in refolving certain nu- 
meral problems. So that either the Africans Had not 
carried Algebra beyond quadratic equations, or elfe the 
Europeans had not learned the whole of the art, as it 
was then known to the former. . And indeed it is not 
improbable but this mee be the cafe: for whether the 
art was brought to us by an European, who, travelling 
ia Africa, there learned it; or whether it was brought 
to us by an African; in either cafe we might receive 
the art only in an imperfect ftate, and perhaps far 
fhort of the degree of perfeGtion to which it had been 
carried by their beft authors. And this fufpicion is 
rendered rather probable by the circumftance of an 
Arabic manufeript, faid to be on cubic equations, de- 
pofited. in the Library of the univerfity of Leyden by 
the celebrated Warner, bearing a title which in Latin 
fignifies Omar Ben Ibrahim al’ Ghajamei Algebra cubicarum 
equationum, five de problematum folidorum refolutione ; and. 
of which book T am in fome hopes of procuring either 
a copy or a tranflation, by means of my worthy friend 
Dr. Damen, the learned Profeffor of Mathematics in that 
univerfity, and by that means to throw fome light on 
this doubtful fubje. 

Since this was written, death has prematurely put an 
end to the ufeful labours of this ingenious and worthy 
fucceffor of Gravefande. 

After the publication of the books of Lucas de Bur- 
go, the fcience of Algebra became more generally known, 
and improved, efpecially by many perfons in Italy 5 and 
about this time, or foon after, namely about the year 
1505, the firft rule was there found out by Scipio 
Ferreus, for refolving one cafe of a compound cubic 
equation. But this fcience, as well as other branches of 
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“Mathematics, was mott of all cultivated and improved 
_ there by Hieronymus Cardan of Bononia, a very learned 


man, whofe arithmetical writings were the next that~ 


appeared in print, namely in the year 1539. in 9 books, 
in the Latifi language, at Milan, where he praétifed 
phyfic, and.read public lefiures on Mathematics ; and 
in the year 1545 came out a roth book, containing the 
whole doGtrine of cubic equations, which had been in 
part revealed to him about the time of the publication 
of his firit 9 books. 
which contains the new difeoverics in Algebra, I fhall 
here-confine myfelf to it alone, as it will alfo. afford 
foflicient oceafion to fpeak of his manner of treating 
- Algebra in general. This book is divided into 40 chap- 
ters, in which the whole feience of cubic equations is 
moft amply and ably treated. Chap. 1 treats of the 
nature, number and properties of the roots of equations, 
and particularly of fingle equations that have double 
roots. He begins with.a few remarks on the Invention 
and name of the art: calls it Ars Magna, or Gofa, or 
Rules of Algebra, after Lucas de Burgo and others: 
fays it was invented by Mahomet, the fon of one Mofes 
an Arabian, as is tettified by Leonardus Pifanus.5 and 
that he left four rules or cafes, which perhaps only in- 
cluded quadratic equations: that afterwards three de- 
rivatives were added by ait unknown author, though 
fome think by Lucas Pactolus’; and after that again 
three other derivatives, for the cube and 6th power, by 
“another unknown author; all which were refolved like 
uadratics: that then Scipio Ferreus, Profeffor of 
lathematics at Bononia, about 1505, found out the 
rule for the cafe cubum &F rerum numero equalium, Ov, a8 
we now write it, «3 + 6x = ¢, which he fpeaks of asa 
thing admirable: thatsthe fame thing was next after- 
wards found out, in 1535, by Tartalea, who revealed 
it to him, Cardan, after the moft earneft intreaties : 
that, finally, by himfelf and his quondam pupil 
Lewis Ferrari, the cafes are greatly augmented and 
extended, namely, by all that is not here exprefsly 
afcribed’ to others; and that all the demonttrations 
of the roles are his own, except only three adopted 
from Mahomet for the quadratics, and two of Ferrari 
for cubics. 

He then delivers fome remarks, fhewing that all 
fquare numbers have two roots, the one pofitive, and 
the other negative, or, as he calls them, vera & fiza, 

_ trne and fictitious or falfe ; fo the aflimatio rei, or root, 
of g, is either 3 or — 33 of 16 it is 4or — 43 the 4th 
root of St is 3 or — 33 and fo on for all even deriomi- 
nations or powers. And the fame is remarked on com- 
pound éafes of even powers that are added together 5 
as if 44 + 347 = 28, then the xftimatio x is = 2 or—25 
but that the form x4 -- 12 = 7x? ’has four anfwers or 
roots, in real numbers, two plus and two minus, viz. 2 of 
= 2, and 4/3 or— 4/33 while the cafe «* + 12 = 6a? 
has no real roots; and the café «# = 247 + 8 has two, 
namely 2 and — 2: and in like manner for other even 
powers. So that he includes both the pofitive and negative 
roots; but rejects what we now call imaginary ones. 
here exprefs the cafes in our modern notation, for brevity 
fake, as he commonly expreffes the terms by words at 
full length, calling the abfolute or known term the 2u- 
mero, the tft power the res, the 2d the quadratum, the 
gd the cubum, and fo on, uling no mark for the unknown 
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quantity, and-only the initials p and m for plus ‘and 


minus, and }, for radix or root. The res he fometimes 
calls pofitio, and quantitas ignota; and in ftating or 
fetting down his equations, he, as well as Lucas de 
Bargo before him, fets down the terms on that fide 
where they will be plus, and not minus. 

On the other hand, he remarks that the odd denomj- 
nations, or powers, have only onc etimatio, or root, 
and that true or pofitive, but none fictitious or nega- 
tive, and for this reafon, that nonegative number railed 
to an odd power, will give a pofitive number 5 fo of 
2x <2 16, the root is 8 only; and if 2x3 = 16, the root 
is 2 only: and if there be ever fo many odd denomi- 
nations, added together, equal to a number, there, will 
be only one eitimatio or root ;\ as it 23 4 6% == 20, 
the ouly reot is 2. But that when the figns of fome 
of the terms ave diferent as to plus and minus, they 
may have more roots ; and he fhews certain relations of 
the co-efficients, when they have two or more poots: 
fo the equation +3 + 16 12a has two zilimatios, 
the one true or 2; and the other fictitious or — 4, which 
he obferves is the fame as the true eltimatio of the cafe 
xtc 12x + 16, having ouly the fign of the abfolute 
number changed from the former, the 3d root 2 being 
the fame as the firft, which therefore he does not count. 
He next {hews what are the relations of the co-efficierits 
when a cubic equation has three roots, of whici two are 
true, and the 3d fiditious, which is always equal to thes 
fum of the other two, and alfo equal to the true root of 
the fame equation.with the fign of the abfolute number 
changed: this, in the equation a3 + 9 = 12% the 
two true roots-ere 3 and 4/5} — 14, and the fictitious 
one is — 4/54 — 14, which laitis the fame as the crue 
root of 43 = 124 +9, vite 4/55 + 143 and he here 
infers generally that the fictitious zeftimatio of the 
cafe - - - - - - 8+e=bs, 
always anfwerggto the true root of x3 = be ce 
Cardan alfo fhews what the relation of the co-efficients 
is, when the cafe has no true roots, but only one fictitious 
root, which is the fame asthe true root of the reciprocal 
cafe, formed by changing the fign of the abfolute num- 
ber. Thus, the cafe x3 + 21 = 2% has no true root, 
and only one falfe root, viz. — 3, which is the fame as 
the true root of 4? ==.2¥+21: and he fhews in general, 
that changing the fign of the abfolute number in fach 
cafes as want the 2d term, or changing the figns of the 
even terms wher it is not wanting, changes the figns 
of alf the three roots, which he alfo illuftrates by many 
examples; thus, the roots of «3 4- 119%? = 72, are 
+ 4/40 — 4, and — 3, and — 4/40 — 43 and the 
roots of x3 + 72 =: 11x, are — 4/40 + 4, and + 3, 
and + 4/40 + 4. ; 

And he further obferves, that the fam of the three 
roots, or the difference between the true and hétitious 
mots, is.equal to 11, the co-efficient of the 2d term. 
He alfo thews how certain eubic cafes have one, or two,. 
or three roots, according to circumftances: that the 
cafe a+ 4+ d = dx? has fomctimes four roots, and fome- 
times none at all, that is, no real ones: that the cafe 











“43 | by = ax? +. may have three true sequatios, or 


apes roots, but ‘no fictitious or negative ones 3 and 
or this reafon, that the odd powers of minus being 
minus,.and the ‘even powers plus, the two terms a3 -pbx 


- would be negative, and equal to a pofitive fum as* + ¢ 


which 
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Which is abfurd: and farther, that the “cafe «3 + 2x? 

+ at bx has threé roots, one plus and two minus, 
which are the fame, with the figns changed, as the 

“\ toote of the cafe x3 + dx + cmax. He alfo thews 
the relation of the co-efficients when the equation has 
only. one real root, in a variety of cafes: but that the 
cafe #3 + ¢ = ax* 4+ bx has always one negative root, 
and either two pofitive roots, or none at all; the nam- 
ber of roots failing by pairs, or the impoflible roots, as 
we now call them, being always in pairs. Of all thefe 
vircumftances Cardan gives a great many pyticular 
examples in numeral co-effigients, and fubjoins geo- 
metrical demonftrations of the properties here enume- 
rated ; fuch as, that the two correfponding or reciprocal 
cafes have the fame root or roots, but with different 
figns or affections; and how many true or pofitive roots 
each cafe has. 

Upon the whole, it appears from this fhort chapter, 
that Cardan had difeovered moit of the principal proper- 
ties of the roots of equations, and could point out the 

y number and ‘nature of the roots, partly from the figns 
of the terms, and partly from the magnitude and re- 
lations of the co-efficients. He fhews in’ effe@, ‘that 
when the cafe has all its roots, or when none are im- 
poflible, the number of its pofitive roots is the fame as 
the-number of changes in the figns of the terms, when 
they are all brought to one fide: that the co-efficient of 
the 2dterm is equal to the fum of all the roots pofitive 
and negative collected together, and confeqnently that 
when the 2d term is wanting, the pofitive roots are 
equal to the negative ones: and that the figns of all the 
roots are changed, by changing only the: figns of the 
even terms: with many other rémarks concerning the 
nature of equations. 

Tn chap. 2, Cardan enumerates all the cafes of com- 
pound equations of the 2d and 3d order, namely, 3 
“quadratic, and 19 cubics; with 44 derivatives of thefe 
two, that is, of the fame kind, with higher denomina- 
tions, ; 

In chap. 3 are treated the roots of fimple cafes, or 
fimple equations, or at leaft that will reduce to fuch, 
having only two terms, the one equal to the! other. 
He ‘dire&ts to deprefs the denominations’ equally, as 
much as they will, according to the height of the leaft; 
then divide by the number. or co-efficient of the greateft ; 
and laftly extra& the root on both fides. So tf 20x3 
= 18005, then 20 = 180x, and t = 4%, and x = 4, 

Chap, 4 treats of both general and particular roots, 
and contains various definitions and obfervations -con- 

- cerning them. It is here thewn that the feveral cafes 
of quadratics and cubics -have their roots*of the follow- 
ing forms or kinds, namely that the cafe 
x? = ax + 3 has its root of this kind 4/19 + 3, 

x + ax = b has its root of this kind 4/19 — 3, 

x? + 6= ax has two roots like 3 + 4/2 and 3 — 4/2, 
x3 = bx + ¢ has its root of this kind 3/4 -+ 4/2. 

x3 + bx = ¢ has its root of this kind 3/4 — P25 * 

x3 = ax + chasthis kind of root 3/16 2-4 3/4 

#3 + ax? =c has this kind of root 4/16 ~ 2 + 4/4, 
where the three parts 3/16, 2, 3/4, are in continual 
proportion. 

Chap. 5 treats of the eftimatio of the loweft degree 
of compound cafes, that is, affected quadratic equations ; 
giving the rule for each of the three cafes, which con- 
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fifts in completing the fquare, &c, as at prefent, and 
which it feems was the method given by the Arabians ;: 
and proving them by geometrical demonttrations from” 
Eucl. I. 43, aud UI. 4 and 5, in which he makes 
fome improvement of the demohitrations of Mahomet. 
And hence it appears that the work of this Arabian - 
author was in being, and well known in Cardan’s time. 
Chap. 6, on the methods of finding new rules, contains 
fome curious fpeculations concerning. the fquares and 
cubes of binomial and refidual quantities, and the pro- 
portions of the terms of which they confift, fhewn from 
geometrical demonttrations, with many curious remarks 
and properties, forming a foundation of principles for 
invelligating the rules a cubic equations. 7 
Chap. 7 is on the tran{mutation of equations, fhew- 
ing how to change them from one form to another, by 
taking away certain terms out of them; as x? ax? * 
=, to y3 = dy + d, &c. The rules are demonttrated 
geometrically ; and a table is added, of the forms into 
which any given cafes will reduce; which transforma- 
tions are extended to equations of the ath and sth 
order. And hence it appears‘that Cardan knew how 
to take away any term out of an equation. . 
Chap. 8 thews generally how to find the root of any 
fuch equation as this ax™ =a" + 5, where m and a 
are any-exponents whatever, but athe greater; and the 
tule is, to feparate or divide the co-efficient a into two 
fuch parts z and a — z, as that the abfolute number & 
n 


fhall be equal to @—% - aan, the produét of the 


one part a4 — %, and the 





power of the other 
a—m 


z 
part: then the root x is==z%-™, The rule is general 
for quadratics, cubics, and all the higher powers; and 
could not have been formed without the knowledge of 
the compofition of the terms from the roots of the 
equation. “ . 

Chap.9 and 10 contain the refulution of various 
queftions produciig equations not higher than qua- 
dratics. . 

Chap. 11 is of the cafe or form 23 + 34x = 20. 
Cardan now comes to the aétual refolution of the firtk, 
cafe of cubic equations. He bégins with relating a 
fhort hiftory of the inventica of it, obferving that it was 
firit found out, about 30 years before, by Scipio Fer- 
reus of Bononia, and by him tausht to Antonio Maria 
Florido of Venice, who having ® contelt afterwards 
with Nicolas Tartalea of Brefcia, it cave occafion to 
Tartalea to find it out himfelf, who after creat entreaties 
taught it to Cardan, but fuppreffed the demonttration, 
By help. of the.rule alone, however, Cardan of himfelf 
difcovered the fource or geometrical inveftigation, which 
he gives here at large, from Eucl. 1. 4-_ In this pro- 
cefs he makes ufe of the Greek letters a, €,y, ., Kc, to 
denote certain. indefinite numbers or quantities, to ren- 
der the’ inveftigation-general; which may be confidered 
as the firft inftance of fuch literal notation in Algebra.. 
He then gives the rule in- words at length, which comes 
to this, 


ee 
t= Vet Bgc iV fe tone 








illuftrating it in a variety of examples ; in the refolution 


of 
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‘of which, he extraéts the cubic roots of fach of the 


binomials as will admit of it, by fome rule which he. 
had for that purpoft ; fuch as} + 6% =4 20, which 


ee 8 x8 $10 — YY /108 10-3 — 12 
at /3+h. 

Chap. 125 of the cafe x3. = 3hx% +- 2¢. 
treats exaGly as the laft, and finds the role . 


~ ee 

xa fer fet am 63 } Ue ft Bs : 
which he illuftrates by many exaniples, as ufuale Bu 
when £3 exceeds <2, which has fince been called the 
irreducible ‘cafe, he. refers to another following book, 
called Aliza, for other rules of folution, to ovércothe 
this difficulty, about which he took infinite pains. 


This he 


Chap. 13, of the cafe x3 + 2¢ = 3bx. This cafe, by” 


a geometrical procefs, he reduces to the cafe in the 
laft chapter: thus, find the zftimatio y of the cafe 
y3 = 36y + 2c, having the fame co-efficientsas the given 
cafe x3 + 2¢c= 36x; thenise mty £4 /126—3 y's 
giving two roots. He fhews alfo how to find the 
fecond root, when the firft is known, independent of 


“the “foregoing cafe. From this relation of thefe two 


cafes he deduces feveral corollaries, one of which is, 
that the altimatio or root of the cafe y? == 3by + 2c, is 
equal to the fum of the roots of the cale «3 4- 2¢= 3x. 
As inthe example y3 = 16y + 21, whofe eltimatio is 
4/92 +14, which is equal to the fum of 3 and 4/9} 
— 14, the two roots of the cafe x3 -+ 21 = 164. 

In chapters 14, 15,,and 16, he treats-of the three 
cafes whiclt contain the 2d and 3d powers, but wanting 
the firft power, according to all the varieties of the 
figns; which he performs by exterminating the 2d 
term, or that which contains the 2d power of the -un- 
known quantity x, by fubftituting y & 4 the co-efficient 
of that term for x, and fo reducing thefe cafes to one 
of the former, In thefe chapters Cardan fometimes 
alfo gives other rules ; thus, for the cafe x3 4 3ax* = 20, 
find firlt the wftimatio y of the cafe y3 = gay + 4/26 
then is w= y*-— 3a: alfo for.the cafe 2? 4+ 2¢ = 342°, 
firlt find the two roots of 93 -$ 2¢ = 3ay3/2c, then is 

2 

eo UE 
I 

values of y. He here alfo gives another rule, by which 

a fecond sftimatio or root is found, when the firi is 


the two values of x according to the two 


known, namely, if ¢ be the.firft eftimatio or value of x 


in the cafe-x3 -} 2c == yax?, then is the other value of 








a= 3 3a —e. 50 + 3¢ +4.3¢-¢ 

In chapters 17,, 18, 19) 20, 21, 22) 245. Cardan 
treats of the cafes in which all the four terms of the 
equatiqn are prefent ; and this he always effets by 
taking away the 2d term out of the equation, and fo 
reducing it to one of the foregoing cafes which want 
that term, giving always geometrical inveftigations, and 
adding a great many examples of every cafe of the 
equations, fens 

Chap..24, of the 44 derivative cafes ; which are only 
higher powers of the forms of quadratics and eubics. 

Chap. 25, of imperfeé& and fpecial cafes ; containing 
many particular ‘examples when the co-efficients have 


certain relations amongit them, with eafy roles for 


oe a 
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finding the roots; alfo 8 other rules for the irreducible 
cafe x3 = bx He. on - 

Chap. 26, in like manner, contains eafy rules for bi- 
quadratics, when the co-efficients have certain fpecial 
relations. ' 

Then the following chapters, from chap. 27 to chap. 
38, contain a great number of queftions and applica- 
tions of various kinds, the titles of which are thefe: 
De tranfitu capituli fpecialis in capitulum fpeciale ; De 
operationibus radicum pronicarum feu mixtarum &3 Allel- 
larum De regula modi; De regula urea ; De regula 
Magna, or the method of finding out folutions to cer- 
tain queftions; De regula equalis pofitionis, being a 
method of fubftituting for the half fum and half dif- 
ference of two quantities, inftead of the quantities 
themfelves; De regula inaqualiter ponendi, feu propor 
tionis 3, De regula medit ; De regula aggregati ; De regula 
liber poftionis; De regula falfum ponendi, in which 
fome quantities come out negative; Qyomodo excidant 
partes ( denominationes multipi icando, Among the fore- 
going collection of queflions, which are chiefly about 
numbers, there are fome geometrical ones, being the ap- 
plication of Algebra to Geometry, fuch as, In a right- 
angled triangle, given the fum of each leg and the ad- 
jacent fegment of the hypotenufe, made by a perpendi- 
cular from the right angle, to determine the area &c; with 
other fuch geometrical queftions, refolved algebraically. 

Chap. 39, De regula qua pluribus pyfitionibus invenimus 
ignotam quantitatem ; which is employed on biquadratic 

uations. After fome examples of his own, Cardan 

ives a rule of Lewis Ferrari’s, for refolving all biqua-- 

ratics, namely by means of a cubic equation, which 
Ferrari.inveftigated at his requeft, and which Cardaa 
here demonftrates, and applies in all its cafes, The 
method is very general, and confifts in forming three 
fquares, thus : firlt, complete one fide of the equation up 
to a {quare, by adding or fubtraGting fome multiples or 
parts of fome of its own terms on both fides, which it 
is always eafy to do: 2d, fuppofing now the three terms 
of this fquare to be but one quantity, viz, the firft 
term of another fquare to which this fame fide is to 


“be completed, by annexing the fquare of a new and 


affumed indeterminate quantity, with double the pro- 
du& of the roots of both; which evidently forms 
the fquare of a binomial, confifting of the affumed 
indeterminate quantity and the root of the firft fquare : 
3d, the other fide of the equation 
to become the fquare of a binomial alfo, by fuppofing 
the produét of its 1ft and 3d terms to be equal to the 
fquare of half its 2d term 5 for it confifts of only three 
terms, or thfee different denominations of the original 
unknown quantity: then this equality will determine’ 


_ the value of the affumed indeterminate quantity, by 


means of a cubic equation, and from it, that of the 
original ignota, by the equal roots of the 2d and 3d 
fquares. Here we have a notable ‘example of the ule 
of afluming a new indeterminate quantity to introduce . 
into an equation, long before Des Cartes was born, who 
made. ufe of a like aflumption. for a finiilar purpofe. 
And this method is very general, and is here applied to 
all forms of biquadratics, either having all their terms, 
or wanting fome of them. “To ilfuftrate this rule I fhall 
here fet down .the procefs of one of his examples, 
which is this, a* + 4*-—8= 104%, Now firkt fub- 
5 trad 


is then made - 
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tract 2x* + ax 4 7 from both fides, then the fir be- 


eomes'a {quare, viz, x* — 2x* + 5 or x? — 1” = 8xt 
_ 4x — 9. Next affume the indeterminate y, and 
fubtract ay (x* — 1) —y? from both fides, making 


tthe fir fide again a {quare, viz, x — 1" — 27.4 —1 





+} yore —1— 7 = 8 — 2y a? — ae ty? + ay 
—7. Of this latter fide, make the produé of the 1ft 


" and 3d terms equal to the fquare of half the “2d term, 


that is, 8 ~ 2y. y? + 2y — 7 = 2%, which reduces to 
. y + 30° 29" + 15y5 the pofitive roots of which are 
y= 2 or 4/15 5 and hence, ufing 2 for y, the equation 


ef equal {quares becomes a? —1—y or a — 3? 
’ s4x*— qx +1, the roots of which give «* — 3 = 
2x tal; and hence x? = 24 + 2, or 2? + 2% = 4; the 
two pofitive roots of which are /3 + 4 and 4/5 1, 
which are two of the values of « in the given equation 
a+ +4x + 8= 104%, The other roots he leaves to be 

_. tried by the reader. 

The goth, or laft, chap. is entitled, Of modes of 
general fuppofition relating to this art; with fome 
rules of an unu{ual kind; and zftimatios or roots of a 

‘ ature different from the foregoing ones. Some: of 
thefe are as follow: If x3 = ax? 4 c, and +—-a = y, and 
aweyitor ds; then is 3 + ay? = d, 
Secondly, if 3 + ax* = c, 
- and y? == ay? + ¢, 
then isx -fa:y—aisy?:x% 

Thirdly, when »3 c= ax*, the fquare will be 
taken away, by putting «= y + 4a; and then the 

pation becomes y3 -- c — 2(4a)3 = jay, 

~ — Cardan adds fome other remarks concerning the 
folutions of certain cafes and queftions, all evincing the 
accuracy of his (kill, and the extent of his practice ; 
and then he concludcs the book with a remark con- 
cerning a certain transformation of equations, which 
quite aftonifhes us to find that the fame perfon who, 
through the whale work, has fhewn fuch a profound 
and critical fkill in the nature of equations, and the fo- 
lution of problems, fhould yet be ignorant of one of the 
moft obvious tranfmutations attending them, namely 
" Gncreafing or diminifhing the roots in any. proportion. 
Cardan having obferved that the form x3 = bx -+ ¢ may 


be changed into another fimilar one, viz, y? = {y+ v 
” La 


of which the co-efficient of the term y is the quotient 

. arifing from the co-efficient of « divided by the abfolute 

number of the firlt equation: and that the abfolute num- 

ber of the 2d equation is the root of the quotient of x 

. divided by the faid abfolute number of the firft ; he ther 

adda, that finding the zftimatio or root of the one 

’ ph from that of the other is very difficult, valde 
Hise 

It is matter of wonder that Cardan, among fo maay 

» traifmutations, fhould never think of fubflituting in- 

ftead of x in fuch equations, another pofitio or root, 

“greater or lefs than the former in any indefinite pro- 

ntion, that is, multiplied or divided by a given number 

for this would have Jed him immediately to the fame 

transformation as he makes above, and that by a way 


. which would have fhewn-the conftant proportion be- 


7 7 


ALG 

tween the two roots. Thus, inftead of x in the given 
form - - - - + #3 = 4a -+ ¢, fubltitute dy, 

and it becomes ~ d?y3 = ddy +05 and this divided 


by 43 becomes - - taht Ss and here if d 


be taken = 4/c, it becomes y? = ae Parva +; which is 
y, c s 
the transformation in queftion, and in which it is evident 
that « is == “y s/c, and y = my _ Inftead of this, Car- 
dar gives the following ftrange way of finding the one 
root » from the other y, when this latter is by any 
means known; viz, Multiply the firft given equation 
. 2 
by y** 491, then add a to both fides, and laftly ex- 
tra& tlie roots of both, which can always be done, as 
they wil} always be both of them f{quares; and the 
roots will give the value of +-by a quadratic equation. 


Thus, x3 = bx +c multiplied by y2x + 1 gives 


PRA: 
Pat bat abet +P TE wt o5 add then 


2 on 
gat tat aly" +o + xt bb cy? + whe; and 





theroots areya* + 37 (by? +o + (b+-cy?)e es 


and this 2d fide of the equation he fays will always have 
aroot alfo. It is indeed true that it will have an exad 
root 5 but the reafon of it is not obvious, which is,” be~ 


. 3° . 
caufe y is the root of the equation y3 = I+ vo 


Cardan has not fhewn the reafon why this happens > 
but I apprehend he made it out in this manner, viz, 
fimilar ‘to the way in which he forms the laft fquare ia 
the cafe of biquadratic equations, namely, by making 
the produ&t of the 1ft and 3d terms equal to the fquare 
of half the 2d.term: thus, in the prefent cafe, it is 


4c (by? + oo = (5+ cg*)®, which reduces toys = *y 
+¥v = the equation in queftion. Therefore taking y 


the root of the equation y3 — +; + Vv ‘and fub- 


flituting ita value in the quantity (by? + re at (bt 


ey?) # + ¢, this will become a complete {quare. 


Of Cardan’s Libellus de Aliza Regula. 


Subjoined to the above Treatife on cubic equations, 
is this Libellus de Aliza regula, or the algebraic logiftics,. 
in which the. author treats of fome of the abitrufer 
parts of Arithmetic and Algebra, efpecially cubic equa- 
tions, with many more attempts on the irreducible cafe 
wobetbe. Thipbook is divided into 60 shapers Fs 

"bus 


ALG 


‘but I thall only fet down the titles of fome few-of them, 
whofe contents requive more particular notice. 

Chap. 4. De modo redigendi quantitates ones, que ai- 
cuniur latera prima ex deciina Euchdis in compendium. He 
treats here of all Euclid’s irrational lines, as furd num- 
bers, and performs various operations with them. 

Chap. 3. De confideratione Binomiorum &S reciforums 
se; ubi_de eftimatione capiiulsrum. Contains various 
operations of multiplyiig compound numbers and furds. 

Chap. 6. Ze operationibus pt ef m: (i. ee + and -) 

Secundum-communem ufum, Here it is fhewn that, in mulu- 
plication and divifion, plus always gives the fame figns,and 
miaus gives the contrary figns. So alfo in-addition, every 
| quantity retains its own fign3 but in fubtraGtion they 
change the figns. That the »/ +,-or the fquare root'of 
plus, is + byt the / —, or the {quare root of minus, is 
nothing ‘as to common ufe : (but of this below.) ‘That 
2/ —is—; a8 J —8 is—2. That arefidual, compofed of 
and — may havea root alio compofed of + and —:So 
of 5 — of 248 = V9 V2 The rules for the figns in 
multiplication and divifion are illuitrated by. this exam- 
ple; to divide 8by 2+ /6 or 76 + 2 Take the 
two correfponding refiduals 2 — 4/6 and 6 — 2, and 
‘by thefe multiply. both the divifor and dividend; then 
-thé produéts are - and — refpeétively, and. the quo- 
tients ftill both alike. -T'hus, : 


‘Divid. ‘Divif, Divid. -- Divif. 
8 fb +2 8 2+./6 
Vb— 2° V6 —2 2—/6 2—- Vf6 


em VOTES | 
°57 384 —16-divide + 4 ¥6— 4/384 dive —2 
_ Quot. 796-8. Quot. 4/96 — 8." 
And this method of” performing divifion of compound 
furds, was fully taught before him, by Lucas de Burgo, 
namely, reducing ‘he compound ‘divifor to a. fimple 
quantity, by multiplying by the correfponding quan- 
tity, having the fign changed. 
To chap, rx and 18, and elfewhere, Cardan makes a 
gen¢ral notation of a, 8, c, d, ¢, fy for any indefinite 
quantities, and treats of them in a. general way. 


Cap. 2, De contemplatione p: &F m: (or + and —), 
€9 quod m: in m: facit p: & de caufis horum juxta 
veritatem. Cardan here demonftrates geometrically 


that, in multiplication and divifion, like figns give plus, 
and unlike figns give minus. And he fluftrates this 
numerically, by {quaring the quantity 8, or 6 + 2, or to 
—2,which mutt all produce the fame thing, namely 64. 
Among many of the chapters which treat of the ir- 
reducible cafe #3=bx-+4c, there is a peculiar kind of 
way given in chap. 31, 
generali x3==bx--e folida vocata, €9 operationibus jus; in 
“rhich he fhews how to approximate to.the root of that 
cafe, ina manner fimilar to approximating the fquare 
root and cube root of a number. The rule he ufes for 
this purpofe, is the 3d in chap. 25 of the laft book, and it 
is this: Divide 2 into two parts, fuch that the fum of 
the produéts of each, multiplied by the fquare of the 
other, may be equal to 4c; then the fum of the roots of 
thefe parts is the eftimatio or value 


of x required. So, of this equation Pg 
x3=10x-+-24; the two parts are 9 P 

and 1, and their roots 3 and 1, ; 22 
and their fum 4==¥, as in the mar- 3-tgore= ie 


gin. . *3+1=4 


Em J 


which is entitled De ¢/fimatione - 
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Again, take a3=62-+41- Here he invents a new nota- 
tion to exprefa the reot or radix, which he ‘calls /olida, 
viz, «==,/ folida 6 in %, that is, the roots of the two 


parts of. 6, fo that each part multiplied by the root of - 
the other, the two produéts may be 4 or 3¢+ Then to 


- free this from fraétions, and make the operation eafier, 


multiply that root by fome number as fuppofe 4, that js 
the fquare part 6 by the fquare of 4, and the folid part } 
by the cube off; thena=34/ folida 96 in 32. Now, by 
a few trials, it is found that the parts are =~ 
nearly gs$ and $, which give too much) 
or 95;% and y's, which give too little, ; 
and thereof 952% and ,%, are-ftill nearer. Divide both 
by 4 or 16, then 5744 and 75x are the quot. And nag 
um of their roots, or # = LS of. 2, ig nearly * 
the value of the root +. ys ees s 

Cap. 42. De duplici eguatione comparanda in capitulo 
cubi &S numeri aqualium rebus. Treats of the two po- 
fitive roots of that cafe, negleéting the negative ones 
and fhewing, not only that that cafe has two fuch, roots, 
but that the fame number may be the common root of 
innumerable equations. ‘ 

Cap. §7. Detrafatione eflimationss generalis capituls x3 
=e +c. Cardan here-again ‘refumes the confidera. ” 
tion of the irreducible cafe, making ingenious obfer- 
vations upon it, but fill without obtaining the root by 
a general rule, In this place alfo, as well as elfewhere, 
he fhews how to form an equation in this cafe, that 
fhall have a given binomial root, as fuppole ,/m ++ ty 
where the equation will be *3= (m + gat) + 
anfm ~ nt), having i/ni + » for one root, namely the 
politive root. From which it appears that he was well _ 
acquainted with the compofition of cubic equations from 
given roots. 

Cap. 59+ De ordine & exemplis in binomiis fecunda 
& quinto. Contains a great many numeral forms of 
the fame irreducible cafe x3 =x + ¢, with their rootss 
from which are derived thefe following cafes, with many 
curious remarks, When 


B= (etilrts thenx =f ¢ #4 +h 
wax (ict 4) x +4 thens = Vrcrtth. 
xd (ict 9)# +c thene = Vie es 
ata (fo+16)e +e, then x == fhe + Pt h 

















t p if n® n 
i= (ee fn) x + ¢, then = vre <5 + + 


Cap. 60. Demonflratio generalis capituli cubi aqualis rebus 
&f numero. This demonftration of the irreducible cafe 
is geometrical, like all the reft. Some more ingenious 
remarks are again added, as if he reluctantly finithed 
the book without perfectly overcoming the difficulty 
of the irreducible cafe. Cardan here alfo ufes-the letters 
aand } for any two indefinite numbers, in order to. 
fhew the form and manner of the arithmetical opera- 


a. : : F i 
tions: thus 7 is the fra€tion for their quotient, alfo 


VS or SF the fquare root of that quotient, and 


3 
VS otG the cube root of it, &c. : 
Having 
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Having confidered thg chief contents of Cardan’s al- 
‘ebra, it will now be Bore to fum them up, and fet 
lown a lift of the improvements made by him, as col- 

leéted from his writings : 
And if, Tartalea having only communicated tohim 
the rules for refolving thet 

* tions, viz, 
ai 4 bx ==2c,) he from thence raifed a very large and 
xtc bx +c, | complete work, laying down rules for all 
we bem by, | forms and varieties of cubic equations, 
“having all their terms, or wanting any of them, and hav- 

\, ing all poffible varieties of figns ; demonftrating all thefe 
nies geometrically ; and treating very fully of almof all 
forts of transformations of equations, in a manner here- 

- tofore unknown, 

’ | and, It appears that he was well acquaintey with all 
the roots of equations that are real, both pofitive and 
negative ; or, as he calls them, true and fictitious ; 
and that he made ufe of them both occafionally. He 
alfo thewed, that the even roots of pofitive quantities, are 
either pofitive or negative; that the odd roots of negative 

uantities, are real and negative ; but that the even roots 

of them are impoffible, or nothing as to common ufe. 
He was alfo acquainted with, 

3d, The number and nature of the rots of an equa- 
tion, and that partly from the figns of the terms, and 
partly from the magnitude and relation of the coefli- 
cients. He alfo knew, : 

4th, That the number of pofitive roots is equal to the 
number of changes of the figns of the terms. 

"sth, That the coefficient of the fecond term of the 
equation, is the difference between the pofitive and ne- 
gative roots, 

6thy That when the fecond term is wanting, the fum 
of the negative roots is equal to the fum of the pofitive 
Toots 

ath, How to compofe equations that fhall have given 
roots. 

8th, That, changing the figns of the even terms, 
changes the figns of all the roots. 2 

oth, That the number of roots failed in pairs; or 
what we now call impoffible roots were always in pairs. 

roth, To change the equation from one form to ano- 
ther, by taking away any term out of it. 


zithy Yo increafe pr diminifh the roots by a given - 


quantity. It appears alfo, 

rith, That he had a rule for extraéting the cube 
reot of fuch binomials as admit of extraCtion. 

13th, That he often ufed the literal notation a, 6,¢, d, &e. 

14th, That he gave a rule for biquadratic equations, 
fuiting all their cafes ; and that, in the inveltigation 
of that rule, he made ufe of an affumed indeterminate 
quantity, and afterwards found its value by the arbitrary 
aflumption of a relation between the terms. 
_ i5th, That he applied Algebra to the refolution of 
geometrical problems. And : ; 

16th, That he was well acquainted with the difficulty 
ef what is called the irreducible cafe, viz, «3 = dx+¢, 
‘wpon which he fpent a gredt deal of time, in attempting 
to overcome it. And though he did not fully fucceed 
in this cafe, any more than other perfons have done 
fince, he neverthelefs made many ingenious obferva- 
tions abont it, laying down rules for many particular 
- Vou. Le. 
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three cafes of cubic equa- ~ 
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forms of it, and fhewiig how to approximate. vert 
nearly to the root in all cafes whatever. 


OF TARTALEA. 


Nicholas Tartalea, or Tartaglia, of Brefcia, was 
contemporary with Cardan, and was probably older 
than he was,' but I do not know of any book of Al- 
gebra publifhed by him till the year 1546, the year after 
the date of Cardan’s work on Cubic Equations, when 
he printed his Quefiti {¥% Invention: diverfe, at Venicé, 
where he refided as a public le&turer on mathematics. 
This work is dedicated to our king Henry the VIIth 
of England, and confilts of 9 books, coutaining anfwers 
to various queftions which had been propofed to him 
at different times, concerning mechanics, ftatics, hy- 
droftatics, &c. ; but it is only the gth, ‘or laft, that 
we fhall Nave occafion to take notice of in this place, as 
it contains all thofe queftions which relate to arithmetic 
and algebra, Thefe ‘are all fet down in chronological 
order, forming a pretty colleGion of queftions and folu- 
tions on thofe fubjeGts, with a fhort account of the occas 
fion of each of them. Among thefe, the correfpondence 
between him and Cardan forms a remarkable part, as 
we have here the hiftory of the invention of the rules 
for cubic equations, which he communicated to Cardan. 
under the promife, and indeed oath, to keep them fecret, 
onthe 25th of March 153g. But, notwithftanding ‘his 
oath, finding that Cardan publifhed them in 1545, as 
above related, it feems Tartalea publihed the corre- 
fpondence between them in revenge for his breach of 
faith ; and it elfewhere appears, that many other fharp _ 
bickerings paffed between them on the fame account, 
which only ended with the death of Tartalea, in the 
year 1557. It feems it was a common practice amon, 
the mathematicians, and others, of that time, to fei . 
to each other nice and difficult ‘queftions, as trials of 
{kill, and to this caufe it is that we owe the principal 
queftions and difcoveries in this collection, as well as 
many of the bet difcoveries of other authors. The 
collection now before us contains queftions and folu- 
tions, with their dates, in a regular order, from the 
year 1§2t, and ending in 1541, in 42 dialogues, the 
laft of which is with an Englifh gentleman, namely, 
Mr. Richard Wentworth, who it feems was no mean 
mathematician, and who learned fome algebra, &c, of 
Tartalea, while he refided at Venice. The queftions 
at firft are moftly very ecafy ones in arithmetic, but 
gradually become more difficult, and exercifing fimple 
aud quadratic equations, with complex calculations of 
radical quantitics : all fhewing that he was well fkilled 
in the art of Algebra as it then flood, and that he 
was very ingenious in applying it to the folutions of 
queftions, ‘Tartalea made no alteration in the nota- 
tion or forms of expreffian ufed by Lucas de Burgo, 
calling the fir power of the unknown quantity, in his 
language, cofa, the fecond power cenfa, the third cubs, 
&c, and writing the names of all the operations in words 
at length, without ufing any contractions, except the 
initial R, for root or radicality. So that the only thing 
remarkable in this colleCtion, is the difcovery of the rules 
for cubic equations, with the curious circumltances at- 
tending the furaes' 
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“The firh two of thefe were difcovered by Tartalea 
Jn the year 1530, namely for the two enfes x3 -+ ax? me, 
and 43 = axt4 ¢, as appears by Queft. 14 and25 of 
this colleétion, on occafion of a queition then propofed 
to him by one.Zuanni de Tonini’ da Coi or Colle, 
John Hill, who kept a {chool at Brefcia. “And from 
the 2sth’ letter we learn, that he difcovered the rules 
for ihe other two cafes 23-4. = c, and 43 = bate, 
on the 12th and 13th of February 1535, at Venice, 
where he had come to refide the year before. And 
the occafion of it was this: ‘I'here was then at Venice 
one Antonio Maria Fiore or Florido, who, by his own 
accoimt, had received from his preceptor Scipto Farreo, 
about thirty-years before, a general rule for refolving the 
cale +! 4-Bucde: Being a captious many, and prefuming 
on this difeovery, Florido ufed to brave his contempo- 
raries, and by his infults provoked Tartalea to’enter into 
a wager:With him, that each thould propofe to the 
other thirty different quettions 5 and that he who fooneft 
refolved thofe of his adverfary, thould win from him 
as ‘many treats for himfelf and friends. Thefe quettions 
were to be propofed on a certain day at fome weeks 
diftance; 2nd Tartalea made fuch good ufe of his time, 
that eight days before the time appointed for deliver- 
ing the propofitions, he difcovered the rules both for 
the cafe 23 + dase c, and the cafe 43 = bx 4-c. He there 
fore propofed feveral of his queftions fo as to fall cither 
‘on this latter cafe, or on the.cafes of the cube and {quare, 
expeéting that his adverfary would propofe his in the 
former. And what he fufpeGted fell out accordingly 5 
the confequence of which was, that on the day of meet- 
ing 'Turtalea refolved all his adverfary’s queftions in the 
fpace of two hours, without receiving one anfwer from 
Florido in return ; to whom, however, Tartalea gene- 
wroufly remitted the forfeit of the thirty treats won of him, 
Queftion 31 firft brings us acquainted with the cor- 
yefpondence between Tartalea and Cardan. This cor- 
refpondence is very curious, and would well deferve to 
be given at full length in their own words, if it were 
not too long forthis place. 1 may enlarge farther upon 
jt under the article Culic Equations; but mutt here 
be content with a brief ab%raét only, Cardan was then 
a refpeGtable phyfician, and leGurer in mathematics at 
Milan; and having nearly finithed the printing of a 
large work on Arithmetic, Algebra, and Geometry, and 
having heard of Tartalea’s difcoveries in cubic equa- 
tions, he was very defirous of drawing thofe rules from 
him, that he might add them to his book before it 
was finithed. For this purpofe he firft applied to Tar- 
talea, by means of a third perfon,a bookfeller, whom he 
fent to him, in the beginning of the year 1539, with 
many flattering compliments, and offers of his fervices 
and friendfhip, &c, accompanied with fome critical 
queftions for him to refolve, according to the cuftom of 
the times. ‘T'artalea however refufed to difclofe his 
rules to any one, as the knowledge of them gained hin 
great reputation among all people, and gave him a great 
advantage over his competitors for fame, who were 
commonly afraid of him on account of thofe very rules. 
He only fent Cardan therefore, at his requeft, a copy 
of the thirty queftions which had been propofed to him 
yn the contelt with Florido. Not to be rebuffed fo ea- 
fy, Cardan next applied, in the moft urgent manner, 
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by Ictter to Tartalea; which gowever. procured front 
him only the folution of fome other queitions propofed 
by Cardan, with a few of the queflions that had been. 
propofed to Florido, but none of their folutions. Find- 
ing he could not thus prevail, with all his fair promifes, 
Cardan then fell upon another fcheme. ‘There was at 
Milan a certain Marquis dal Vafto, a great patron of 
Cardan, and, it was faid, of learned men in general, 
Cardan conceived the idea of making ufe of the influence 
of this nobleman to draw Tartalea to Milan, hoping 
that then, by perfonal intreaties, he fhould fucceed in 
drawing the long-concealed rules from him. Accord: 
ingly he wrote a fecond letter to Tartalea, much in the 
fame ftrain with the former, ftrongly inviting him to 
come and {pend a few days in his houfe at Milan, and . 
reprefenting that, having often commended him in the 
higheft terms to the marquis, this nobleman defired 
much to fee him; for which reafon Cardan advifed 
him, as a friend, to come to vifit them at Milan, as it 
might be greatly to his intereft, the marquis being very 
liberal and bountiful; and he befides gave ‘Tartalea tp 
underftand, that it might be dangerous to offend fuch a 
man by refufing to come, who might, in that cafe, take 
offence, and do him fome injury. This manoeuvre had 
the defired effe& : Tartalea on this occafion laments to 
himfelf in thefe words, « By this I am reduced to a 
great dilemmas for if I go not to Milan, the marquis 
may take it amifs, and fome evil may befal me on that 
account ; I fhall therefore go, although very unwill- 
ingly.” When he arrived at Milan however, the 
marquis was gone to Vigeveno, and Tartalea was pre- 
vailed on to ftay three days with Cardan, in expeCtation 
of the marquis returning, at the end of which he fet out 
from Milan, with a letter from Cardan, to go to Vige-_ 
yveno to that nobleman. While Tartalea was at Milan 
the three days, Cardan plied him by all poffible means 
to draw from him the rules for the cubic equations ; and 
at length, juft as T'artalea was about to depart from 
‘Milan, on the 25th of March 1539, he was overcome 
by the moft folemn proteftations of fecrecy that could 
be made. Cardan fays, “ I fhall {wear to you on the 
holy evangelifts, and by the honour of a gentleman, not 
only never to publith your inventions, if you reveal them 
tome; but I alfo promife to you, and pledge my faith 
as a true chriftian, to note then down in cyphers, fo 
that after my death no other perfon may be able to un- 
derftand them.’ To this Tartalea replies, ‘ If I refufe 
to give credit to thefe affurances, I fhould defervedly be 
accounted utterly void of belief, But as I intend to 
ride to Vigeveno, to fee his excellency the marquis, asf 
have’been here now thefe three days, and am weary of 
waiting fo long; whenever I return therefore, I pro- 
mife to fhew you the whole.” Cardan anfwers, * Since 
you determine at any rate to go to Vigeveno, to the mar- 
quis, I fhall give you a letter for his excellency, that 
he may know who you are, But now before you de- 
part, I intreat you to thew me the rule for the’ equa- 
tions, as you have promifed.”” “ I am content,” fays' 
Tartalea: * But you mult know, that to be able on all 
occafions to remember fuch operations, I have brought 
the rule into rhyme ; for if 1 had not ufed that precaue 
tion, I fhould often have forgot it;*and although my 
rhymes are not very good, I do not value that, as it is 
a fufficient 
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often as Irepeat them, I fhall here write the rule with 
‘ myown hand, that you may be fure I give you the 

difeovery exaétly.”? Thefe rude verfes contain, in rather 

dark and enigmatical language, the rule for thefe three 

cafes, viz. . 

sh +be = 6, | sich differ however only in the fign of 

xt=z bx +c, Lone quantity, and the rule amounts to 

seem bx, | this: Find two numbers, x and y, fuch 
that their difference in the firft cafe, and their fumes in 
the 2d and 3d, may be cqual to ¢ the abfolute number, 
and their produdt equal to the cube of $ of 4 the 
coefficient of the lefs power; then the difference of 
their cube roots will be equal to x in the firft cafe, and 
the fum of their cube roots equal to x in the 2d and 3d 
cafes: that is, taking 2 —y==< in the aft cafe, ors ye 
in the 2d and 3d, and z 
in the firtt cafe, and # = 3/z + 3/yin the other two. At 
parting, ‘T’, fails not again to remind. C, of his obligation: 
~ & Now your excellency will remember not to break your 
. promifed faith, for if unhappily you fhould infert thefe 
rules either in the work you are now printing, or in any 
other, although you fhould even give them under my 
name, and_as of my invention, I promife and {wear 
that I thall immediately print another work that will not 
be very pleafing to you.” ‘Doubt not, fays C. but that 

1 thall obferve what I have promifed: Go, and reft fe- 

cure as to that point: and give this letter of mine to the 
marquis.” It fhould feem however that T. was much 
difpleafed at having fuffered himfelf to be worried as it 
were out of his rules, for.as foon as he quitted Milan, 
inkkead of going to wait upon the marquis, be turned 
his horfe’s head, and rode ftraight home to Venice, fay- 
ing to himfelf, « By my faith I fhall not go to Vigeveno, 
bet fhall return to Venice, come of it what will.” 

After T’s departure it feems C. applied himfelf im- 
mediately to refolving fome examples in the cubic equa- 
tions by:the new rules, but not fucceeding in them, for 
indeed he had miftaken the words, as it was very eafy to 
do in fuch bad verfes, having miftaken (34)? for 523, 
or the cube of 4 of the coefficient, for 3 of the 
cube of the coefficient ; accordingly we find him writ- 
ing to Tin fourteen days after the above, blaming him 
much for his abrupt departure without feeing the mar- 
quis, who was {o liberal a prince he faid, and requefting 
‘T. to refolve him the example x3 + 3% = 10, This T. 
did to his fatisfa@tion, rightly gueffing. at the nature of 
hismiftake; and concludes his anfwer with thefe empha- 
tical words, “Remember your promife.”” On the r2th 
of May following C. returns him a letter of thanks, to- 
gether with a copy of his book, faying, ‘As to my 
work, juft finifhed, to remove yeur fufpicion, 1 fend 

ou a copy, but unbound, as it is yet too frefh to be 
Testes: But as ta’the doubt you exprefs left I may 
print your inventions, my faith which I gave you with 
an oath fhould fatisfy you; for as to the finifhing of 
my book, that could be no fecurity, as I could always 
add to it whenever I pleafe. But on account of the 
dignity of the thing, 1 excufe you for not artes on 
that which you ought to have done, namely on the faith 
of a gentleman, initead of the finithing’ of a book, 
which might at any time be enlarged by the addition of 
new chapters; and there are befides a thoufand other 
ways, But the fecurity coniifts in this, that there isno 
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greater treachery than to break one’s faith, and to age 
grieve thofe who have given us pleafure. And when you 
fhall try me, you will find whether I be your friend or 
not, and whether I fhall make an ungrateful return for 
your friendfhip, and the fatisfaGtion yous have giveu 
ve : ; 

Tt was within lefs than two months after this, however, 
that T. received the alarming news of Cardan’s fhewing 
fome fymptoms of breaking the faith he had fo lately 
pledged to him; this was in a letter from a quondam 

pil of his, in which he writes, “A friend of mine 
at Milan has written to me, that Ur. Cardano is com~ 
poling another algebraical work, concerning fome lately- 
difcovered rules; hence I imagine they may be thofe 
fame rules which you told me you had taught him ; fo 
that I fear he will deceive you.” ‘T'o which T. replics,* 
“Iam heartily grieved at the news you inform me of,, 
concerning Dr. Cardano of Milan; for if, it be true, 
they can be no other rules but thofe I gavé him; and. 
therefore the proverb truly fays, ‘That which you with 
not to be known, tell to nobody.’ ~ Pray endeavour to 
learn more of this matter, and inform me of it.” . 

Tartalea, after this, kept on the referve with Cardan, 
not anfwering feveral letters he fent him, till one written 
on the 4th of Auguft the fame year, 1539, tomplain- 
ing greatly of T’s neglect of him, and farther requetting 
his affiftance to clear up the difficulty of the irreducible 
cafe ¥3 = bx + c, which C. had thus early been embars 
raffed with : he fays that when ($4)3 exceeds (§c)*, the 
rule cannot be applied to the equation in hand, becaule 
of the {quare root of the negative quantities. On this 
occafion I’, turns the tablea on C. and plays his own 

me back upon him; for being aware of the above 

ifficulty, and. unable to over@#me it himfelf, he wanted 
to try if C. could be encouraged to accomplifh it, by 
pretending that the cafe might be done, though in anos 
ther way. He fays thus to himfelf, “I have a good 
mind to give no anfwer to this letter, no more than to 
the other two. However 1 will anfwer it, if it be but 
to let him know what I have been told of him, And aa 
I perceive that a fufpicion has arifen concerning the dif- 
ficulty or obftacle in the rule for the cafe x3 = 6x +, 
Lhave a mind to try if he can alter the data in hand, fo 
as to remove the faid obftacle, and to.change the rulein- 
to another form, although I believe indeed that it cans 
not be done; however there is no harm in trying.”’—** M 
Hieronime, [ have received your letter, in which you 
write that you underftand the rule for the cafe x3 = dx . 
¢, but that when (34)1 exceeds ($c)?, you cannot re 
folve the equation by following the rule, and therefore 
you requeft me to give you the folution of this equa- 
tion 43 = g¥ 4+ 10. To which I reply, that you have 
not ufed a good method in that cafe, and that your 
whole procefs is intirely falfe. And as to refolving you 
the equation you have fent, I muft fay that Iam very 
forry that I have already given you fo much as T have 
done, for I have been informed, by a credible perfon, 
that you are about to publith another Algebraical work, 
and that you have been boalting through Milan of having 
difcovered fome new rules in alee: But, take notice, 
that if you break yeur faith with me, I shall ceitainly 
keep my word with you, nay, I even affure you to do 
more than I promifed.”” In Cardan’s anfwer to this he 
fays, “ You have been milisformed.gs t6 my intention to 
By +d : » pubith 
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publith more on Algebra, But I fuppofe you have heard 
fomething about my work de myflerits aternitatis, which 
you take for fome Algebra 1 intend to publifh. As to 
your repenting of having given me your rules, I am not 
to be moved from the faith 1 promifed you for any thing 
you fay.” Yo this, and many other things contained 
in the fame letter, T. returned no anfwer, being ftill 
fufpicious of Cardan’s intentions, and declining any 
more correfpondence with bim. This however did not 
difcourage C. for we find him writing again to ‘I’. on 
the sth of January, 1540, to clear up another difficulty 
which had occurred in this bufinefs, namely to extract 
the cube root of the binomials, of which the two parts 
of the rule always confifted, and for which purpofe it 
feems C. had not yet found out a rule. On this occafion 
he informs T. that his qzondam competitor Zuanne Colle 
had come to Milan, where, in fome contefis between 
_ them, Colle gave Cardan to underftand that he had found 
out the rules for the two cafes +3 + bx = c, and x3 = bx 
+ ¢, and farther that he had difcovered a general rule for 
‘extradting the cube roots of all fuch binomials as can be 
extracted; and that, in particular, the cube root of 4/108 
De is 4/3 +1, andthat of 4/108 — 10 is f3 — Is 


and confequently that M/ 108 + 10— A/ 4/108 = 10 


fsx o/3 +1 —V/3-1S2 He then earneftly entreats 
"YT, to try to find out the rule, and the folution of certain 
other queftions which had been propofed to him by Colle. 
By this letter T. is ttill more confirmed in his refolu- 
tion of filence; fo that, without returning any anfwver, 
he only fets down among his own memorandums fome 
curious remarks on the contents of the letter, and then 
concludes to himfelf, ‘ therefore 1 do not choofe to 
anfwer him again, as I have no more affection for him 
than forM. Zuanne, and therefore I fhall leave the matter 
between them.” Among thofe remarks he fets down a 
rule for extraéting the cube root of {uch binomials as can 
be extraéted, and that is done from either member of 
the binomial alone, thus: Take either term of the bi- 
nomial, and divide it into two fuch parts that one of 
then may be a complete cube, and the other part ex- 
atly divifible by 33 then the cube root of the faid cubic 
part will be one term of the required root, andthe {quare 
root of the quotient arifing from the divifion of $ of the 
2d part by the cube root of the firft, will be the other 
member of the root fought. This rule will be better 
under{tood in charaéters thus: let m_ be one member of 
the given binomial, whofe cube root is fought, and let it 
be divided into the two parts a3 and 34, fo that a3 + 36 


7 3 7 ran 
be =m; thenis a+ v3 the cube root required, if it 


have one. Thus in the quantity ,/108-+10, taking 
the term 10 for m, then 10 divides into 1 and g, where 


ai==1 or a=t,and 35 = 9 or b= 3: therefore a+ 4/-— 


becomes 1+ 4/3 for the cube root of ,/108 4+ 10, And 
taking the other member 4/108, this divides into the 
two equal parts 4/27 and 4/27; making a3 = 4/27, and 
b= 4/273 hence a= 4/3, and b=: 4/3 alfo ; confequent- 


lya +/nis= V3 af F083 + 1 for the cube root 


ef the binomial fought, the fame as before. * And thus, 
he adds, we may Ksiow whether any propofed binomial 
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or refidual be a cube or a noncube; for if it be a cube, 
the fame two terms for the root mutt arife from both , 
the given terms feparately ; and if the two terms of the 
root cannot thus be brought to agree both ways, fuch 
binomial or refidual will not be a cube.” And thus ends 
the correfpondence between them, at leaft for this time. 
But it feems they had {till more violent difputes when 
C. in violation of his faith fo often pledged to the con- 
trary, publifhed his work on cubic equations 4 years 
afterwards, viz, in the year 1545, of which we have 
before given an account, which difputes, it is faid, cone 
tinued till the death of ‘Tartalea in the year 1557+ a 

The latt asticle in the volume contains a dialogue on 
fome other forms of the cubic equations, in the year 
1541, between T. and a Mr. Richard Wentworth, 
an Englith gentleman, who it feems had refided fome 
time at Venice, on fome public fervice from England, 
as T. in the dedication of the volume to Henry VIII. 
king of England, makes mention of him as “a gen- 
tleman of his facred majelty”? Mr, Wentworth had 
learned fome mathematics of T.and being about to . 
depart for England, requetts ‘I. to thew him his newly 
difcovered rules for cubic equations, as 2 farewell-teffon 3 
and it is worth while to note a few particulars in this 
conference, as they thew pretty nicely the limited 
knowledge of T. at that time, as to the nature and 
roots of fuch equations. T, had before, it feems, 
thewed Mr. W. the rules for the cafes of the 3d and ut . | 
powers, and now the latter defires him to do the fame 
as to the three cafes in which the 3d and 2d powers only 
are concerned. On this T. profeffes great gratitude 
to Mr. W. for many obligations, but defires to be ex 
cufed from giving him the rules for thefe, becanfe he , 
fays he intends foon to compofe a new work on Arithe § 
metic, Geometry, and Algebra, which he intends to 
dedicate to him, and in which he means to infert all 
his new difeoveries. On Mr. W. urging him further, ” 
T. gives him the roots of fome equations of that kind, 
as for inftance : 


If <3 + 6x7 = 100, then 


a = 3/42 + /1 7000 + 3/42 — o/17009 — 25 
If x3 + ga? = 100, then » = 24 — 25 
If 43 + 3x7 = 2, thens= 3-15 
Ifa? +4 = 52%, then a= 8 + 25 
fxd +6 = 747, then x = 4/15 + 35 


put not the rules for finding them. 


In the courfe of the converfation 'F, tells him that 
«all fuch equations admit of two different anfwers, 
and perhaps more ; and hence it follows that they have, 
or admit of, two different rules, and perhaps more, the 
one more difficult than the other.” And on Mr, W, 
expreffing his wonder at this circumftance of a plurality 
of roots, T. replies, “ It is however very true, though 
hardly to be believed, and indeed if experience had not 
confirmed it, I fhould fcarcely have believed it myfelf.” 
He then commits a ftrange blunder in an example which 
he takes to illuftrate this by, namely the equation 
x3 + 3x = 14, which, he fays, it is evident has the 
number 2 for one of its roots; and yet, he adds, 
« whoever fhall refolve the fame equation by my rules 


will find the value of « to be 4/7 + /50 + 


3/7 — 0/5, which is proved ta be a true root by fub- 
é ftituting 
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: fitating it in the equation for x. And therefore, 
continues he, it is manifeft that the cafe 13 + dx =e 
admits of two rules, namely, one (as in the above ex- 
ample) which onght to give the value of » rational, 
viz 2, and the other is my rule, which gives the value 
Of x itrational, as appears above ; and there is reafon 
to think that there may be fuch a rule as will give the 
yalue of + = 2, although our anceftors may not have 
fouind it out.” “¢ And thefe two different anfwers 
will be found not only in every equation of this form 
wt +. dx = c, when the value of + happens to be rati- 
‘nal, as in the example 23 + 3% == 14 above, but the 
fame will alfo happen in all the other five forms of 
cubic equations: and therefore there is reafon to think 
that they alfo admit of two different rules; and by 
certain circumftances attending fome of them, I am 
alnioft certain that they admit of more than two rules, 
as, God willing, I fhall foon demonttrate.’? Now all this 
difcourfe thews a flrange mixture of knowledge and ig- 

. Morance; it is very probable that he had met with fome 
‘equations which admit of a plurality of roots ; indeed it 
was hardly poffible for him to avoid it; but it feems he 
had no fulptcion what’ the numbes of roots might be, 
nor that his reafoning in this inflance was founded on 





anerror of his own, millaking the root x = 3/7 + 4/50 
+ 97 — 4/50, of the equation «3 + 3x = 14, for 


: adifferent root from the number or root 2, when in 


reality it is the very fame, as he might eafily have found, 
if he had extracted the cube roots of the binomials by 
the rule which he himfelf had juft given above for 
that purpofe: for by that rule he would have found 


U7 + fgo=1 + /2, and 7/7 — f/som 1 — 
_ 4/2, and therefore their fum is 2 = +, the fame root 
asthe other, which T. thought had been different. 
And befides this root 2, the equation in hand, +3 4+ 34 
= 14, admits of no other real roots. Nor does any 
equation of the fame form, +3 + dx = c, admit of 
more than one real root. 
' It feems alfo they had -not yet difcovered that all 
cafes belong to the rules and forms for quadratic equa- 
tions, which have only two powers in them, in which 
the exponent of the one is juft double of the expo- 
nent of the other, as x?® -- 4x" = ¢; but fome parti- 
cular cafes only of this fort they had as yet ventured 
to refer to quadratics, as the cafe a4 + bs? = ¢. But 
inthe conclufion of this‘dialogue T. informs W. of 
“gnother cafe of this fort which he had-accomplithed, as 
a notable difcovery, in thefe words: ‘* I well rémem- 
ber, fays he, that in the year 1536, on the night of 
St. Martin, which was on a Saturday, meditating? 
in bed when I could not fleep, I difcovered the general 
vule for the cafe x® 4 dx3 = c, and alfo for the other 
two, its accompanying cafes, in the fame night.”” And 
then he directs that they are to be refolved like qua- 
dratics, by completing the fquare, &c. And in thefe 
refolutions it i remarkable that he ufes only the pofitive 
roots, without taking any notice of the negative ones. 
Tartalea alfo publifhed at Venice, ‘in 1556, &c, a 
very large work, in folio, on Arithmetic, Geometry, 
and Algebra. This is a very complete and curious 
work upon the firft two branches; but that of Alge- 
bra is carried no farther than quadratic equations, 
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called 200k the firfl, with which the work terminatete 
It is evidently incomplete, owing to the death of the 
author, which happened before this latter part of the 
work was printed, as appears by the dates, and by the 
prefaces. It appears alfo, from feveral parts of, this 
work, that the author had many fevere confliéts with 
Cardan and his friend Lewis Ferrari: and particularly, 
there was a public trial of fkill between them, in the 
year 15475 in which it would feem that Tartalea had 
greatly the advantage, his queftions moftly remaining 
unanfwered by his antagonifts. 


OF MICHAEL STIFELIUS, 


After the foregoing analyfis of the works of the firft 
algebraic writersin Italy, it will now be proper to con- 
fider thofe of their contemporaries in Germany ; where, 
excepting for the difcoveries in cubic equations, the 
art was in a more advanced ftate, and ofa form ap- 
proaching nearer to that of our modern algebes 3 the 
flate and circumftances indeed being fo different, that 
one would almoft be led to fuppofe they had derived 
their knowledge ‘of it from a different origin. 

Here Stifelius and Scheubelius were writers of the 
fame time with Cardan and Tartalea, and even before 
their difcoveries, or publication, concerning .the rules 
for cubic equations, Stifelius’s Arithmetica Integra was 
publifhed at Norimberg in 1544, being the year before 
Cardan’s work on cnbic equations, and is an excellent 
treatife; both on Arithmeticand Algebra, The work is 
divided into three books, and-is prefaced with an Intro~ 
duction by the famous Melanchthon. The firft book 
contains a complete and ample T'reatife on Arithmetic, 
the fecond an Expofition of the roth book of Euclid's 
Elements, and the third a Peeatife of Algebra, and it 
is therefore properly the part with which we are at 
prefent concerned. In the dedication of this part, he 
afcribes the invention of Algebra to Gcber, an Arabic 
Aftronomer; and mentions befides, the authors Cam- 
panus, Chrift. Rudolph, and Adam Ris, Rifen, or 
Gigas, whofe rules and examples he has chiefly given, 
In other parts of the book he fpeaks, and makes ufe 
alfo, of the works of Bretius, Campanus, Cardan 
(i. e. his Arithmetic publithed in 1539, before the work 
on cubic equations appeared), de Cufa, Euclid, Jordan, 
Milichius, Schonerus, and Stapulenfis, 

Chap. 1. Of the Rule of Algebra, ond its parts, Sti- 
felius here defcribes the notation and marks of powers, 
or denominations as he calls them, which marks for the 
feveral powers are thus: 

ift, 2d, 3d, 4th, sth, 6th, Sc, 
% 3, fs 332 fy Sof, Ke 
which are formed from the initials of the barbarous way 
in which the Germans pronounced and wrote the Latin 
and Italic names of the powers, namely, res or cofa, zen- 
fus, cubo, zenfi-zenfus, furfolid, zenfi-cubo, &c. And 
the cofs or firft power %, he calls the radix or root, 
which is the firft time that we meet with this word in 
the printed authors. He alfo here ufes the figns or 
charaCters, -+ and —, for addition and fubtraction, and 
the firft of any that I know of: for in Italy they ufed 
none of thefe characters fora long time after. He has" 
no mark however for equality, but makes ufe of the 
word itfelf, : 
Chap. 
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Chap. e. Of the Parts of the Rule of Geber or Al- 

sett teaching the various redu€tions by addition, 

ubtra@tion, multiplication, divifion, involution, and 
evolution, Séc- 

Chap. 3. OF the Algorithm of Coffic Numbers: 
teaching the ufual operations of addition, fubtra&tion, 
multiplication, divifion, involution, and extraction of 
roots, mych the fame as they are at prefent. Single 

’ terms, or powers, he calls fimple quantities; but fuch 
as13 + 13a compolite or compound, and 2% — 8a 
defeétive one. In multiplication and divifion, he proves 
that like figns give 4-, and unlike figns —. He fhews that 
the powers 5,253, of: &e, form a geometrical progref- 
fion from unity ; and that the natural feries of numbers 
©; I) 2, 3» &c, fromo, are the exponents of the coffic, 
powers; and he, for the firft time, exprefsly calls them 
exponents; thus, Fi 


Exponents, 0, 1, 25 3 43 Ss 6, &e. 

Powers, 1, Fy, 3, fs 33s fos 3oPs Kee 
And he fhews the ufe of the exponents, in multipli- 
cation, divifion, powers, and roots, as we do at prefent 5 
viz, adding the exponents in multiplication, and fub- 
tracing them indivifion, Kc. And thefe operations he 
demonfirates from the nature of arithmetical and geo- 
metrical progreffions. _It.is remarkable that thefe com- 
pone denominations of the powers ate formed from the 

imple ones according to the produds of the exponents, 
-while thofef Diophantus are formed according to the 
fms of them; thus the 6th power here is 3 6f or qua- 
‘drato-cuki, but with Diophantus it is cubo-cubi; and 
{o of others, Which is prefumptive evidence that the 
Europeans had not taken their Algebra immediately 
from him, independent of. other proofs. 

Chap. 4. Of the extraGtion of the roots of coffic num- 
bers. He here treats of quadratic equations, which he 
-refolves by completing the fquare, from Euclid If, 4 &c. 
Alfo quadratics of the higher orders, thewing how to 
yefolve them in all cafes, whatever the height may be, 
provided the exponents be but in arithmetical progref- 
fion, as i 


7 8 . &c3 where it is plain that he always 
6, ao Poounts © for the exponent of the un- 
3, a 3 known quantity in the abfolute term. 

> + 


Chap. 5. OF irrational coffic numbers, and of furd 
or negative numbers. In this treatife of radicals, or ir- 
rationals, he firft ufes the character 4/ to denote aroot, 
and fets after it the mark of the power whofe root is in- 
tended ; as 4/3 20 for the fquare root of 20, and ,/ of 20 
for the cube root of the fame, and fo on. He treats 
here alfo of negative numbers, or what he calls furd or 
fiGitious, or numbers lefs than 0, On which he takes 
occafion to obferve, that when a geometrical progreffion 
is continued downwards below 1, then the exponents of 
the terms, or the arithmetical pro reffion, will go below 
© into nefrative numhers, and will yet be the true ex- 
ponents of the former; as in thefe, 


Expon, (—3T=2T=1 Tet tata 
Pow. | #1 21 2l1i2i4/8 
And he gives examples to thew that thefe negativé 


exponents perform their office the fame as the pofitive 
ones, in all the opesations. : 
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Chap. 6. OF the perfeCtion of the Rule of Algebra, 
and of Secondary Roots. In the reduction of equations 
he ufes a more general rule than thofe who had pre- 
ceded him, who detailed the rule in a multitude of 
cafes; inftead of which, he dire€&ts to multiply or di- 
vide the two fides equally, to tranfpofe the terms with 
+ or —, and lattly to extra {uch root as may be de- 
noted by the exponent of the highelt power. i 

As to fecondary roots, Cardan treated of a ad ignota 
or unknown, which he called guartitas, and denoted it 
by the initial g, to diftinguith it from the fir. But 
here Stifelius, for diltin@tion fake, and to prevent one 
root from being miftaken for others, afligns literal 
marks to all of them, as A, B, C, D, &c, and then 
performs all the ufual operations with them, joining 
them together as we do now, except that he fubjoins the 
initial of the power, initead of its numeral exponent: 


thus, 3A into 9B makes 27AB, 
33 into 4B makes 123 B, 
2¢f.into 443 makes 8 PAZ, 
1A fquared makes 1A3, 
6 into 3C makes 18C, 
2A3 into sAg? makes 10A/, &c, &e. 
8 PAZ divided by 4¢f -makea3A3, &c. 
The {quare root of 25A3 is 5A, &c. 
Alfo 2A added to 2% makes 2% + 2A, 
and 2A fubtr. from 2% makes 2} — 2A. 


And he fhews how to ufe the fame, iii queftions cone 
cerning feveral unknown numbers; where he puts a 
different charaéter for each of them, as}, A, B,C, &cs 
he then makes ont, from the conditions of the queftion, 
as many equations as there are characters 5 from thefe 
he finds the value of each letter, in terms of fome one of 
the reft and fo, expelling them all but that one, reduces 
the whole to a final equation, as we do at prefent. 

The remainder of the book is employed with the. 
folutions of a great number of queftions to exercife all 
the rules and methods; fome of which are geometrical 
ones. 

From this account of the ftate of Algebra in Stifelius, 
it appears that the improvements .made by himfelf, or 
other Germans, beyond thofe of the Italians, as cone 
tained in Cardan’s book of 1539, were as follow: 3 

ft. He introduced the charafters +, 7, Wo for 
plus, minus, ard r6ot, or radix, as he calls it. 

ad. The initials 3, 3, 6f, 8c. for the powers. - 

gd. He treated all the higher orders of quadratics by 
the fame general rule. Rae 

4th. He introduced the numeral exponents of the 
powers, 3, —2) 1 Oy Ts 2p 3s &c, both pofitive and 
negative, fo far as integral numbers, but not fraGtional 
ones; calling them by the name exponens, exponent : 
and he taught the general ufes of the exponents, inthe 
feveral operations of powers, as we now ufe them, or 
the logarithms. 

sth. And laftly, 
A, B, C, D,. &e, 
general quantities. 


he ufed the general literal notation 
for fo many different unknown or 


OF SCHEUBELIUS. 


John Scheubelius pe feveral books upon Arith- 
metic and Algebra. The one now befote me, is intitled 
Algebra Compendiofa Facilifque Deferiptio, qud depro- 

muntur 
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muntur inagna Avithmetices miracula, Authore Fobanne 
Scheubelio Mathematicarum Profeffore in Academia Tu- 
bingenfi. Parifiis 1552. But at the end of the book it 
is dated #561. ‘The work is moft beautifully printed, 
and isa very clear and fuccin& treatife; and both in 
the form and matter much refembles a modern printed 
abook. He fays that the writers afcribe this art to Di- 
@phantus, which is the fir time that I find this Greek 
author mentioned by the modern algebraifts: he farther 
obferves, that the Latins call it Regula Rei & Cenfus, the 
rule of the thing and the {quare (or of the 1it and 2d 
spower); and the Arabs, Algebra. His charaéters and 
Operations are much the fame as thofe of Stifelius, ufing 
the figns and characters +, —, »/, and the-powers Rs 
By 3, of, &c, where the charaéter Q is ufed for 1 or uni- 
ty, or a number, or the o power ; prefixing alfo the nu- 
meral coefficients; thus 44/3 + 113 +31 — 53% 
He ufes alo the exponents 0, 1, 2, 3, &c, of the powers, 
the fame way as Stifelius, before him. He performs the 
algebraical calculations, fir in integers, and then in 
frations, much the fame as we do at prefent. Then of 
equations, which he fays may be of infinite degrees, 
though he treats ouly of two, namely the firft and fecond 
orders, or what-we call fimple and quadratic equations, 
in the ufual way, taking however only the pofitive roots 
of thefe; and adverting to all the higher orders of 
quadratics, namely, +4, ax, b; 2 
«5, ax}, b; 
a, axt, b; &e. 

Next follows a tra on furds, both fimple and com- 
ound, quadratic, cubic, binomial, and refidual Here 
¢ firft marks the notation, obferving that the root is 

either denoted by the initial of the word, or, after fome 
authors, by the mark 4/ :, viz. the fq. root 7:, the 
cube root w ;, and the 4th root, or root of the root 
thus vw :, which latter method he mottly ufes. He 
then gives the Arithmetic of {urds, in multiplication, 
divifion, addition, and fubtraction, In thefe laft. two 
rules he fquares the fum or difference of the furds, and 
then fets the root to the whole compound, which he 
calls radix colledi, what Cardans calls radix univerfalise 
Thus 12 = 4/20 isra.col. 32 + 4/960. But when 
the terms will reduce to a common furd, he then unites 
them into one number; as 4727 + 4/12 is equal 4/75. 
Alfo of cubic turds, and gth roots. In binomial and 
yeGidual furds, he remarks tie different kinds of them 
aghich anfiwer to the feveral irrational lines in the roth 
fook of Euclid’s elements 3 and then gives this general 
rule for extracting the root of any binomial or refidual 
a4, where one or both parts are furds, and a the 
greater quantity, namely, that the {quare root of it is 


at fa a—V PP 
(a as 
trates by many examples. This rule will only fucceed 


3 which he iluf. 
however, fo as to come out in fimple terms, in certain 
cafes, namely, either when a? — 2? is a {quare, or when 





ee 


aand a? — 8 will reduce to a common furd, ard 
unite: in all other cafes the root is in two compound 
furds, inftead of one, He gives alfo another rule, which 
comes however to the fame thing as the former, though 
by the words of them they feem to be different. 
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Scheubelius wrote much about the time of Cardan and” 
Stifelius. And as he takes no notice of cubic equations, 
it is probable he had neither feen nor heard any thing 
about them; which might very well happen, the one’ 
iving in Italy, and the othcrin Germany,” And, befides, 
J know not if this be the firft edition of Scheubel’s book : 
it is ratheg likely itis not, as it is printed at Paris, and 
he himfelf was profeffor of mathematics at Tubingen in 
Germany, 

ROBERT RECORDE, 


The firfl part of his Arithmetic was publifhed in 15523 
and the fecond part in 1567, under the title of, ‘©The 
Whetitone of Witte, which is the feconde parte of 
Arithmetike: containing the Extraction’ of Kootes : 
The Coffike Prastife, with the Rule of Equatiofe and 
the Workes of Surde Nombers.” The work is in 
dialogve between the mafter and fcholar; and is nearly 
after the manner of the Germans, Stifelius and Scheu- 
belius, but efpecially the latter, whom he often quotes, 
and takes examples from. The chief parts of the work 
are, rft. The properties of abftra& and figurate num- 
bers. 2nd. The extraétion of the {quare and cube roots, 
much the fame as at prefent, Here, when the nynber is 
not an exact power, but having fome remainder over, 
he either continues the root into decimals as far as he 
pleafes, by adding to the remainders always periods of 
cyphers ; or elfe makes a vulgar fraétion for the remain- 
ing part of the root,by taking the remainder for the nume- 
trator, and double the root for the denominator, in the 
{quare root ; but in the cube root he takes for the nomina- 
tor either the triple fquare of the root, which is Cardan’s 
rule, or the triple {quare and triple root, with one more, | 
which is Scheubel’s rule. 3d. Of Algebra, or  Coffike - 
Nombers.”” He ufes the notation of powers with their 
exponents the fame as Stifel, with all the operations in 
fimple and compound quantities, or integers and frac- 
tions. And he gives alfo many examples of extracting 
the roots of compound algebraic quantities, even when 
the roots are from two to fix terms, in imitation of 
the fame procefs in numbers, jait as we do at prefent 5 
which is the firft inflance of this kind that I have ob- 
ferved, As of this quantity: 

Square Root, 

253 f + 8of3 — 2633 — 633 (50° +83 —93. 
4th. “The Rule of Equation, commonly called Alge~ 
ber’s Rule.” He here, firft of any, introduces the cha- 
racter ==, for brevity fake. His words are, “And to 
avoide the tedioufe repetition of thefe woordes: is 
equalle to: Twill fette as I doe often in woorke ufe, a 
paire of paralleles, or gemowe lines of one ‘lengthe, 
thus:=, bicaufe noe 2 thynges can be meare equalle.’? 
He gives the rules for fimple and quadratic equations, 
with many examples. He gives alfo fome examples in 
higher compound equations, with a root for cach of 
them, but gives no rule how to find it. 5th. Of Surde 
Nombers.” This isa very ample treatife on furds, both 
fimple and compound, and furds of various degrees, as 
fquare, cubic, and biquadratic, marking the roots in 
Scheubel’s manner, thus: /, wi/, ¥+ He here wfes 
the names bimedial, binomial, and refidual; but favs 
they have been ufed by others before him, though this 
is the firft place where I have obferved the two latter.— 
Hence it appears that the things which chiefly are new 

in this author, are thefe three, viz. 
2 zy, ‘The 
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4. The extraction of the roots of conrpourid algebraic 
quantities. : 

2. The ufe of the terms binomial and refidual. 

3. The nfe of the fign of equality, or ==. -- 


OF PELETARIUS. 


The firfk edition of this author’s algebra was printed 
in gto at Paris, in 1558, under this title, Facobi Pelee 
turit Cenomani, de occulta parte Numerorum, quam Algebram 
wocant. Lib, duo. 

In the preface he {peaks of the fuppofed authors of 
Algebra, namely Geber, Mahomet the fon of Mofes, 
an Arabian, and Diophantus. But he thinks the art 
elder, and mentions fome of his contemporary writers, 
or a very little “before him, as Cardan, Stifel, Scheabel, 
Chr. fanuarius; and a little earlier again, Lucas Paci- 
olus of Florence, and Stephen Villafrancus a Gaul. 

OF the two books, into which the work is ‘ivided, 
the firft is on rational, and the fecond on irrational or 
furd quantities ; each being divided into many chap- 
ters, It will be fafficient to mention only the principal 
articles. 

He calls the feries of powers #umeri creati, or derived 
numbers, or alfo radicals, becaufe they are all raifed from 
one root or radix, He names them thus, radix, quadratus 
cubus, quadrato-quadratus, or biquadratus, fuperfolidus, 
quadrato-cubus, Kc; and marksthemthus Ry 9, ¢f» 7%» 
Sts 98s bf; (Fe. OF thefe he gives’ the following fe- 
‘yies in numbers, having the common ratio 2, with their 
marks fet over them, and the exponents fet over thefe 


- agaio, in an arithmetical feries, beginning at 0, thus: 


o1234 5 6 7 8 
rR ¢g gf gr Be 999 
1 2 4 8 16 32 64 128 256 &c 


And he fhews the ufe of the exponents, the fame as Sti 
felius and Scheubelius; like whom alfo he prefixes co- 
efficients to quantities of all kinds, as alfo the radical 4/+ 
“But he does not follow them in the ufe of the figns ++ 
and —, but employs the initials f and m for the fame 
purpofe. After the operations.o} addition, &c, he per- 
forms involution and evolution alfo much the fame way 
as at prefent: thus, in powers, raife the coefficient to 
the power required, and multiply the exponent, or 
fign, as he calls it, by 2, or 3, or 4, &c, for the 2nd, 
gd, 4th, &c, power ; and the reverfe for extra€tion : 
and hence he obferves, if the number or coefficient will 
notexactly extraét, or the fign do not exaétly divide, the 
quantity is a furd. ee 
After the operations of compound quantities, and 
fractions, and reduétion of equations, namely, fimple and 
quadratic equations, as ufual, in chop. 16, De Jnveniendis 
eneratim Radicibus Denominatorum, he gives a method of 
finding the roote of equations among the divifors of the 
ab{dlute number, when the root is rational, whether it 


be integral or fraGtional ; for then, he obferves, the root _ 


always lies hid in that number, and is fome one of its 
A'vifors. This is exemplified in feveral inftances, both 
of quadratic and cubic equations, and both for integral 
and fractional roots. And he here obferves, that he knows 
not ef any perfon who has yet given general rules for 
the folution of cubic equations ; which fhews that when 
he wrote this book, cither Cardan’s laft book was not 

--publithed, or elfe it had not yet come to his knowledge. 

“ Chap. 17 contains, in a few words, direCtions for 
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bringing queftions to equations, and for reducing thefe. 
He here obferves, that fome authors call the unknowa 
number res, and others the pofitio; but that hecallsit radix, 
or root, and marks it thus R,: hence the term, root of an 
equation. But it was before called radix by Stifelius. 
Chap. 21 & feg. treat of {econdary roots, or a plu- 
rality of roots, denoted by A, B, C, &e, after Stifelius. ° 
The 24 book-contains the like operations in furds, 
irrational numbers, and is a very complete work on this 
fubjeét indeed. He treats firlt of fimple or fingle furds, 
then of binomial furds, and laftly of trinomial furds. He 
gives here the fame rule for extracting the root. of a 


as 
binomial and refidual as Scheubelius, viz, “fa to= 


ape, a Venk 
Yee — Indivicing by a* 


binomial or refidual, he proceeds as all others before him 
had done, namely, reducing the divifor to a fimple quan- 
tity, by multiplying it by the fame two terms with the 
fign of one of them changed, that is by the binomial if 
it be a refidual, or by the fame refidual if it be a bino- 
mial; and multiplying the dividend by the fame thing; 





AON eee ee Id Tec 
“WS m2 52 VSe2” 5-4 
= 3V54+ 6. 


And, in imitation of this method, in divifion by tri- 
nomial furds, he direéts to reduce the trinomial divifor 
firfl to a binomial or refidual, by multiplying it by the 
fame trinomial with the fign of one term changed, and 
then to reduce this binomial or refidual to. a_fimple 
nomial as above ; obferving to multiply the dividend by 
the fame quantities as the divifor. ‘Thus, if the divifor 
be 4+ 4/2 — 33 multiplying this by 4 + 72 + 
73, the product is 15 + 84/25 then this bino- 
mial multiplied by the refidual 15 — 84/25 gives 225 
~ 128 or 97 for the fimple divifor: and the dividend, 
whatever it is, muft alfo be multiplied by the two 4-+- . 
f24+ /3and 15 — 8,/2.. Or in general, if the di- 
viforbe a + 4/8 — ofc3 multi- zt 
plyitbya+ 4/b + ft which} 
gives (a+ 4/6)? —¢ Sat. + e+ 20/83 
then multiply this by a + buco — 2as/b, 
and it gives - (at +b —c)* — 40h, which 
will be rational, and will all colle@ into one fingle term. _ 
But Tartalea muft have been in poffeffion of fame fuch 
rule asthis, as one of the queftions he propofed to, FJo- 
rido was of this nature, namely to find fuch a 
as multiplied by a given trinomial furd, fhalt 
rational: and it appears, from what is done abéve, 
that, the given trinomial being a + '4/ — ¢, the 
anfwer will bea + Jb + s/c X at b— c+ 24/b. 
Chap. 20 thews the compofition of the cube of a bi- 
nomial or refidual, and thence remarks on the root of 
the cafe or equation 1¢f » 3B, eqnal to 10, which he 
feems to know fomething about, though he had not Car- 
dan’s rules. ? 
Chap. 30, which is the lait, treats of certain precepts 
relating to fquare and cubic numbers, with a table of 
fach fquares and cubes for all numbers to 140 ; alfo 
fhewing how to compute them both, by adding always 


their differences. a ; 
: : He 
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-- He then concludes with remarking that there are 
Many curious properties of thefe numbers, one of which 
is this, that the fem of any number of the cubes, taken 
from the beginning, always makes a fquare number, the 
root of which is the fim of the roots of the cubes; 
fo that the feries of fquares fo formed, have for their 
roots 1, 3, 6,10, 15, 21, &c, 
whofe diff. are the natural n° 1, 2, 3, 4, 5, 6, &c. 
Namely, 13 = 12; 13 +2737; 12423 +33=6%, &e. 
Orin general, 13 + 234 33 + nt=(14+24+3-n)* 
stn + l. 

This work of Peletarius is a very ingenious and ma- 
fterly compofition, treating in an able manuer of the 
feveral parts of the fubjeét then known, excepting the 
cubic equations. But his real difcoveries, or improve- 
ments, may be reduced to thefe three, viz. 

uft, That the root of an equation, is one of the divi- 
fors of the abfolute term. 

ad. He taught how to reduce trinomials to fimple 
terms, by multiplying them by compound factors, 

3d, He taught curious precepts and properties cone 
cerning fquare and cube numbers, and the method of 
conflrudting a feries of each by addition only; namely 
by adding fucceflively their feveral orders of differences, 





RAMUS, 


Peter Ramus wrote his arithmetic and algebra about 
the year 1560, His notation of the powers is thus, 4, 
» ¢, bg, being the initials of latus, quadratus, cubus, 
; Eavatect: He treats only of fimple and quadratic 
equations. And the only thing remarkable in his work, 
is the firit article, on the names and invention of Alge- 
bra, which we have noticed at the begianing of this 
hiftory. 
POMBELLI, 

Raphael Bombelli’s Alyebra was publifhed at Bologna 
in the year 1579, in the Italian language. It feems how- 
ever it was written fome time before, as the dedication 
is dated 1572. In a fhort, but neat, introduétion, he 
firlt adverts, in a few words, to the great excellence and 
ufefulnefs, of arithmetic and algebra. He then laments 
that it had hitherto been treated in fo imperfe& and ir- 

* repular away ; and declares it is his intention to remedy 
all defe&ts, and to make the f{cience and praétice of it 
as eafy and perfect as may be. And for this purpofe he 
Girl, revolved to procure and ftudy all the former au- 

, He then mentions feveral of thefe, with a thort 

-or character of them; as Mahomet the fon of 
MB¥s, an Arabian; Leonard Pifano; Lucas de Burgo, 
the firft printed author in Europe; Oroncius; Seribe- 
lus ; Boglione Franceft; Stifehus in Germany ; a cer- 
tain Spaniard, doubtlefs meaning Nunez or Nonius; 
and laitly Cardan, Ferrari, and Tartalea; with fome 
ethers fince, whofe names he omits. He then addsa 
<urious paragraph concerning Diophantus: he fays that 
fome years fince there had been found, in the Vatican 
Nbrary, a Greek work on this art, compoled by a cer- 
tain Diophantus, of Alexandria, a Greek author, who 
lived in the time of :\ntoninus Pius; which work having 
been hewn to him by Mr. Antonio Maria Pazzi Reg- 
giano, public leéturer on mathematics at Rome; and 
ae to be a good work, thefe two formed the re- 

Fou, I 


€ 8: 


7} ALG 


folution of giving it to the world, and he fays that they 
had already tranflated five hooks, of the fix which weve 
then extant, being as yet hindered by other avocations 
from completing the work, He thenadds the following 
Rrauge circumilance, viz. that they bad found that m 
the faid work the Indian authors ave often cited 3 by which 
they learned that this fiience avas known’ among the 
Indians before the Arabians had it + a paragraph the 
more remarkable as I have never underitocd that any 
other perfon could ever find, in Diophantus, any refer- 
ence to Indian writers: and 1 have examined his work 
with fome attention, for that purpoie. 

Bombcili’s work ‘is divided into three beoks., Tn the 
firft, ave laid down the definitions aad eperations of 
powers and roots, with various forts of radicals, fimple 
and compound, binomial, refidual, &c; moftly after 
the rules and manner of former writers, excepting in 
fome few inftances, which I fhall here take votice 
of. And firlt of his rule for the cube root of bino~ 
mials or refiduals, which for the fake of brevity, may be 
expreffed in modern notation as follows: let ./b +e 
be the binomial, the term 4/b being greater than 
a; then the rule for the cube root of fo + acome 


to this, PQ + 4/P—Q 4+ Vom a where P=: 





























Y fen ee Sa and Qe eg BRS 
Vvat 6 tS and Qa A/F + var 


Which is a rule that can be of little or no ufe; for, in 
the firft place, P—Q* + 4% —a? is the fame as 


iad es 
a b—a a 


var re + Z is = 


"ta b —_— 
Vv otgeV SE avy + 25 
therefore the. whole P — Q + VP V+ Ys Sgt 
reduces toP—Q 4+ P4Q=2P=2 x 1V Jb+ba 


=i/ of + a, the original quantity firft propofed. The 
Next thing remarkable in this 1ft book, is his method 
for the fquare roots of negative quantities, and his rule 
for thé cube roots of fuch imaginary binomials as arife 
from the irreducible cafe in cubic equations. His words, 
tranflated, are thefe: “ I have found another fort of cu- 
bie root, very different from the former, which arifes 
from the cafe-of the cube equal to the firft power and a 
number, when the cube of the jd part of the (coef. of the) 
ift power, ig greater than the {quare of half the abfolute 
number, which fort of {quare root hath jn its algorifm, 
names and operations different from the others; for in that 
cafe, the excefs cannot be called either plus or minus; I 
therefore call it p/us of minus when it is to be added, and 
minus of minus when it is to be fubtra€ted.” Te then 
gives a fet of rules for the figns when fach rocts are mul 
tiplied, and illuitrates them by a great inany examples. 
His rale for the cube rcots of fuch binomials, viz. fuch 


asa + /—4, is this: Firf find 3/a7 + 83 then, by 
trials fearch out a number ¢,and a {q. root 4/7, fuch, that 


the fum of their fquares c?+ d may be = Vat b 
M and 





PTC; and Por V/V 
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and alfo c3 —3ed =a; then fhall ¢ + f+ dbe= 
Vat f— & fought. ‘Thus, to extraét the cube root 


of 2 + ofa 12t: bere 4 


taking c= 2, andd= 1, itis? d= 5 Ra? +h, 
and? — ged = 8 — 6 = 2 = 4, as it, ought; and 
therefore 2-+ 4/ — 1 is = the cube 100t of 2-+4/—121, 
as required, 

The notation in this book, is the initial R for root, 
with g orc &e after it, for quadrate or cubic, &c root. 
Alfo p for plus, and m for minus. 

In the 2d book, Bombelli treats of the algorifm with 
unknown quantities, amd the refolution of equations. 
He firft gives the definitions and chara@ters of the un- 
known quantity and its powers, -in which he déviates 
from the former authors, but profeffes to imitate Dio- 
phagtus. He calls the unknown quantity santo, and 





a? + b= U/r25=5; then 





marks it thus Ss - 3, 
Its fquare or 2d power polenza, 2, 
Its cube - - cubo, 3, 


and the higher names are compounded of thefe, and 
‘marked 4, 3, $,., &c, fo that he denotes all the 
powers by their exponents fet over the common cha- 
raSer And all thefe powers he calls by the general 
name dignitu, dignity. He then performs all the algor- 
ifm of thefe powers, by means of their exponents, as 
we do at prefent, viz, adding them in multiplication, 
fubtra€ting in divifion, multiplying them by the index 
in involution, and dividing by the fame in evolution, 

In equations he goes regularly through all the cafes, 
and varieties of the figns and terms ; firft all the fimple 
or fingle powers, and then all the compound cafes ; de- 
monftrating the rules geometrically, and illuftrating 
them by many examples. 

In compound quadratics, he gives two rules : the firft 
is by freeing the potenza or {quare from its coefficient 
by divifion, and then completing the fquare, &c, id the 
nfual way: and the 2d rule, when the firft term has 
its coefficient, may be thus expreffed ; if ax* + bx cy 
ac + 4b — tb 


then = . He takes only the pofitive 


a 
root or roots 3 and in the cafe ax* + ¢ = bx, which has 
two, he obferves that the nature of the problem mult 
fhew which of the two is the proper one. 

Jn the cubic equations, he gives the rules and tranf- 
formations, &c, after the manner of Cardan ; remarking 
that fome of the cafes have only one root, but others two 
or three, of which fome are true, and others falfe or ne- 
gative. And in one place he fays that by means of the 
cafe x3 za ba $c he srifedis or divides an angle into three 
equal parts. 

‘When he arrives at biquadratic equations, and par- 
ticularly to this cafe x4 + ax — 6, he fays, “ Sinte I 
have feen Diophantus’s work, T have always been of 
epinion that his chief intention was to come to this 
equation, becaufe I obferve he labours at finding always 
{quare numbers, and fuch, that adding fome number to 
them, may make fquares; and I belteve that the fix 
books, which are loft, may treat of this equation, &c.” 
—-“ But Lewis Ferrari,”’ he adds, * of this city, alfo 
Taboured in this way, and found out a rule for fuch 
cafes, which was a very fine invention, and therefore I 
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fhall here treat of it the beft I can.” This He accord- 
ingly does, in all the cafes of biquadraties, both with 
refpcé&t to the number of terms in the equation, and the 
figns of the terms, except ithink this mol general cafe 
only Fx —ga? + px} — xt = 5; fully applying Ferrari’s 
Which concludes the 2d book. 

The 3d book confifts only of the refolution of near 
300 practical queftions, as exercifes in all the rules and 
equations, fome of which are taken from Diophantus 
and other authors. 

Upon the whole it appears that this isa plata, ex- 
plicit, and very orderly treatiie on algebra, ia which are 
very well explained the rules aud methods of former 
writers. But Bombelli does not produce much of im- 
provement or invention of his own, except his notation, 
which varies from others, and is by-means of one general 
charaéter, with the numeral in of Stifelius. He 
alfu firft remarks that angles are trifected by a cubic 
equation. But I know not how to account for his af- 
fertion, that Diophantus often cites the Indian authors; 
which I think muft be a miflake in Bombelli. 





CLAVIUS. 


Chrittopher Clavius wrote his Algebra about the year 
no though it was not publithed till 1608, at Orleans, 

¢ moftly follows Stifelius and Scheubelius in his nota- 
tion and method, &c, having fearcely any variations 
from them ; nor does he treat of cubic equations. He 
mentions the names given to the art, an the opinions 
about its origin, in which he inclines to afcribe it to 
Diophantus, from what Diophantus fays in his preface 
to Dyonifius, 


STEVINUSs ¢ 


The Arithmetic of Simon Stevin of Bruges, was 
ublithed in 1585, and his Algebra a little afterwards. 
“hey were alfo printed in an edition of his works at 

Leyden in 1634, with forme notes and additions of 
Albert Girard, who it feems died the year before, this 
edition bene. publifhed for the benchit of Girvard’s 
widow and children: "The Algebra is an ingenious and 
original work. He denotes the res, or unknown quan 
tity, in a way of his own, namely by a fmall circle Oy 
within which he places the numeral exponent of the 
power, as ©, @, @®, ®, &c, which are the 0, 1, 25 3s. 
&e power of the quaatity Q 5 where ©, or the o 
power, is the beginning of quantity, or arithmetical . 
unit. He alfo exteuds this notation to roots 
tional exponents, and even to radical ones. _ 
Thus ©, @, @, &c, are the fy. root, cube 

root, &c 5 
and @ is the cube root of the fquare ; : 
and @ is the fq. root of the cube, And fo of others, 


The firlt three powers, @); @, 3s he alfo calls. - 
coffe (fide), quarre ({quare), cube (cube); and the firft of 
them, () the prime quantity, which he obferves is alfo 
metaphorically called the racine or root, (the mark of 
which is alfo /), becaule it reprefents the root or 
origin from whence all ocher quantities fpring or arife,, 
called the potences or powers of it. He condemns the 
terms furfolids, and numbers abfurd, irrational, irregular, 
inexplicable, or furd, and thews that all numbers are 


denoted the fame way, and are all equally proper ca 
.- preffions 
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preffions of fome length or magnitude, er fome power 
of the'fame root. He alfo -reje€ts all the compound 
2 xpreffions of {quare-fquared, cube-fquared, cube-cubed, 
&cy and fhews that it is beft to name them all by their ex- 
ponents, as the rift, 2d, 3d, ath, gth, 6th, &c power or 
qtiantity in the feries. And on his extenfion of the new 
notation he july obferves that what was before obfcure, * 
faborious, and tirefome, will by thefe marks be clear, 
eafy, and pleafant. He alfo makes the notation of alge- 
braic quantities more general in their coefficients, in- 
cluding in them not only integers, as 3) but alfo frac- 
tions and radicals, as 3), and VX &c. He has va- 
rious other peculiarities in his notations ; all fhewing an 
original and inventive mind. A quantity of feveral 
* terms, 4e calls a multinomial, and alfo binomial, tri- 
nomial, &c, according to the number of the-terms, 
He ufes the figns + and —, and fometimes : for equa- 
lity; alfo x for divifion of fra@ions, or to multiply 
crofswife thus, #x3:43- : 
He teaches the generation of powers 2 

by means of the annexed table of 3-3 
numbers, which aresthe coefficients 4-6-4 

of all the terms execpt the firft and 5.10.10. 5 
lat, And he makes ufe of the fame 6. 15.20.15 6 
numbers alfo fur extracting all roots &e. 
whatever: both which things had z 
firit been done by Stifclius.- In extracting the roots of 
non-quadrate or non-cubic numbers, he has the fame 
approximations as at prefent, viz, either to continue the 

extraction indefinitely in decimals, by adding periods 

of ciphers, or by making a fraction of the remainder 


N =n” 
Tk nearly, and 
nearly ; where a is the 


in this manner, viz, WN =1 + 





“Nas 


; Spa cae rererrerer 


- neareft exaét root of N; which is Peletarius’s rule, and 
which differs from Tartalea’s rule, as this wants the 1 
ia the denominator. And in like manner he goes on 
to the roots of higher powers. 

He then treats of equations, and their inventors, 
which according to him are thus: 


“Mahomet, fon of Mofes, an Ara- 
bian, invented thefe - - 


{ ® egale a ©, 
its derivatives, - 
@egalea @, ©, 

And fome unknown author, the derivatives of this. 

le unknown author invented { 






- - - ® egaled@ O, 
ftcrwards he mentions Ferreus, Tartalea, Car« 
'¢, as being alfo concerned in the invention of them. 

Lewis Ferrart invented ® egale2 @ @ @ ©. 

He fays alfo that Diophantus once refolves the cafe 
@ egale 4 @ In his redu@tion of equations, 
which is full and mafterly, he always puts the higheft 
power on one fide alone, equal to all the other terms, 
Yet in their order, on the other fide, whether they be 
++ or—._ And he demonftrates all the rules both arith- 
metically and geometrically. In cubics, he gives up 
the irreducible cafe, as hopelefs: but fays that Bom- 
belli. refolves it by plus of minus, and minus of minus ; 


- thus, if 1@ = 39@ + 36, then 1 @ =3/ 18+ of — 26 





+ 2/18 — of — 26, that is, 1 @ = 3/18 + 26 ~7 
+ 18—264%—1. He refolves biquadratics by 


. . 
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‘means of cubics and quadratics. In quadratics, he. 
takes hosh the two roots, but lools for no more than 
two in cupics or hiquadratics. He gives alfo a general: 
method of ‘approaching indefinitely near, in decimals, to 
the root of any equation whatever: but dt’ is very la- 
borious, being little more than trying all numbers, one 
after another, finding thus the 1i figure, then the 3d, 
then the 3¢, &c, among thefe ten chara&ters 0, 1, 2, 35 
4s 5s 6» 7y'8, 9+ And finally he applies the rules in 
the refolution of a great many pra€tical queftions, 

Although a general air of originality and imprové- 
ment ruins through the whole of Steviuus’s work, yet 
his more remarkable or peculiar inventions, may be re- 
duced ts theft few following ¢ viz, 

if. He inveiited not only-a sew.charaéter for the 
unknown quantity, but greatly improved the notation, 
of powers, by numeral indices,. fir given .by Stifelius - 
as. to indegral exponents ; which Stevinus extended: te 
fraétional and all other forts of exponents, thereby ‘c= 
noting all forts of rootsthe fame way a% powers, by ue’ - 
meral exponents, A circumftance hitherto theught to 
be of much later invention. 

2d, He improved and extended the ufe and notation 
of coefficients, including in them frations and radicals, 
and all forts of numbers in general. 

3d. A quantity of feveral terms, he called generally a 
multinomial; and he denoted all nomials whatever 
by pasticular names exprefling the number of their ~ 
terms, binomial, trinomial, quadrinomial, &c. 

4th, A numeral refolution of all equations whatever by 
one general method. 

Befides which, be hints at fome unknown author as 
the firft inventor of the rules for cubic equations ; by 
whom may probably be intended the author of the 
Arabic manufcript treatife on eubic equations, given to 
the library at Leyden by the celebrated Warner. 


” vIgTA. 


Moft of Vieta’s algebraical works were. written 
about or a little before, the year 1600, but fome of 
them were not publifhed till after his death, which 
happened in the year 1603, And his whole mathema- 
tical works were collected together by Francis Scliooten, 
and elegantly printed in a folio volume in 1646. Of 
thefe, the algebraical parts are as follow : 

1. Hagoge in Artem Analyticam. 

2. Ad Logifticen Speciofam Note priores. 

3» Zeteticorum libri quinque. 

4- De Aéquationum Recognitione, & Emendatione. 

5- De Numerofa Poteftatum ad Exegefin Refolutione. 

OF all thefe I fhall give a very minute account, efpe- 
cially in fuch parts as contain any difcoveries, as we 
here meet with more improvements and inventions in 
the nature of equations, than in almoft any former 
author. And firlt of the Z/fagoge or Introdu€tion to 
the Analytic Art. In this fhort introduétion Vieta 
lays down certain pracognita in this art, as definitions, 
axioms, notations, common precepts or operations 
of addition, fubtration, multiplication, and divifion, 
with rules for queftions, &c. From which we find, 
ift. That the names of his powers are latus, quadratum, 
cubus, quadrato-quadratum, quadrato-cubus, cubo- 
cubus, &c; in which he follows the method of Dic- 
phantus, and ngt that derived from the Arabianse 
Mz 2d, That 


. 
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ad. That he calls powers pure or adfe&ted, ad fir 
here ufes the terms ‘coefficient, affirmative, negative, 
{peciotss logiftics or calculations, homogeneurt. compa- 
rationis, or the abfolute known term of ai equation, 
homogeneum adfectionis, or the 2d or other term which 
makes’ the equation adfe&ted, &c. 3d. That he ufes 
the capital letters to denote the known as ell as un- 
known quantities, to render his rules and czlculations 
general, namely, the vowels A, E, I, O, U, Y for the 
unknown quantities, and the confonants B, C, D, &c, 
for the known ones. . 4th, That he ufes the fign + 
between two terms for addition; — for fubtraction, 
lacing the greater before the lefs; and when it is not 
nown which term is the greater, he places = between 
them for the difference, as we now ufe wm; thus A = 
Bis the fame as A wm B; that he expreffes divifion 
by placing the terms like a fraction, as at prefent ; 
though he was not firft in this. But that he ufes no 


charaGters for multiplication or equality, but writes the, 


words themfelves, as wellasthe names of all the powers, 
as he ufes no exponents, which caufes much trouble 
and prolixity in the progrefs of his work ; and the nu- 
ineral coeficents fet after the literal quantities, havé a 
difagrecable effe&. 

II. Ad Logiflicen Speciofam, Note Priores. Thefe 
-eonfitt of various theorems concerning fums, differences, 
produ@s, powers, proportionals, &c, with the genelis 
of powers from binomial and refidual roots, and certain 
properties of rational right-angled triangles, 

Il, Zeteticorum kbri quinque. ‘The zetetics or quef- 
tions in thefe 5 books are chiefly from Diophantus, 
but refolved more generally by literal arithmetic. And 
in thefe queftions are alfo inveltigated rules for the re- 
folution of quadratic and cubic equations. In thele 
alfo Vieta firft ufes a line drawn over compound quan- 
tities, as a vinculum. 

IV. De Equationum Recognitione, &9 Emendatione. 
Thefe two books, which contain Vieta’s chief improve- 
mentsin Algebra, were not publifhed till the year 16155 
by Alexander Anderfon, a learned and ingenious 
Scotchman, with various correCtions and additions. 
The 1 of thefe two books confifls of 20 chapters. 
In the firft fix chapters, rules are drawn from the 
zetetics for the refolution of quadratic and cubic equa- 
tions. Thefe rules are by means of certain quantities 
in continued proportion, but in the refolution they 
come to the fame thing as Cardan’s rules. In the 
cubics, Vieta fometimes changes the negative roots into 
affirmative, as Cardan had done, but he finds only the 
affirmative roots. And he here refers the irreducible 
gafe to angular {eGtions for a folution, a method which 
Riad been mentioned by Bombelli. 

Chap. 7 treats of the general method of transforming 
équations, which is done either by changing the root 
in various ways, namely by fubftituting another inftead 
of it which is either increafed or dimmiffied, or mul- 
tiplied or divided by fome known number, or raifed or 
depreffed in fome known proportion ; or by retaining 
the fame root, and equally multiplying all the terms. 
Which forts of transformation, it is evident, are in- 
trded to make the equation become fimpler, or more 
éonvenient for folution. And all or moft of thefe reduc- 
tions and transformations were alfo praGtifed by Cardan. 
” Ehaps 8 shews what purpofes are anfwered by the 
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foregoing transformations ; fuch as taking away fome 
of the terms out of an equation, and particularly the 


‘2d term, which is done by increafing or diminifhing the 


root by the coefficient 6f the 2d term divided by the 
index of the firft: by which means alfo the affected 
quadratic is reduced to a fimple one. And various 
other effeéts are produced. * 

Chap. 9 fhews how to deduce compound quadratic 
equations from pure ones, which is done by increafing 
or diminifhing the root by a given quantity, being 
one application of the foregoing reduétions, 

Chap. 10, the redu@ion of cubic equations affeted: 
with the 1ft power, to fuch as are affected with the 
2d power; by the fame means, 

In chap. 11, by the fame means alfo, the 2d term is 
reftored to fuch cubic equations as want it. 

In chap. 12, quadratic and cubic equations are raifed 
to higher degrees by {ubftituting for the root, the {quare 
or cube of another root divided by a given quantity. 

In chap, 13 affected biquadratic equations are deduced 
from affected quadratics in this manner, when exprefled 
in the modern notation : . 

If A? + BA =Z, then fhall A4 + B3 + 2BZ + Ax 
Z? + BZ, ; 
For fince A? + BA =Z, therefore A? = Z — BA, 
and its {quare is ‘ oa 
A‘ = Z? — 2BAZ + BAt: but BtA? = B*Z— BA, 
therefore 
A‘ = Z?—2BAZ + B*Z—B3A, or A+ + Bs + 2B 
+A=Z + BZ. d 
And in like manner for the biquadratic affected with its 
other terms. And ina fimilar manner alfo, in chap. 14, 
affeéted cubic equations are deduced from the affected 
quadratics, j 

In chap. 15 it is fhewn that the quadratic BA — A* 
== Z has two values of the root A, or has ambiguous 
roots, as he calls them ; and alfo that the cubics, biqua- 
dratics, &c, which are raifed or deduced from that quae 
dratic, have alfo double roots, 

Having, in the foregoing chapters, fhewn how the 
cocfficients of equations of the 3d and 4th degree are 
formed from thofe of the 2d degree, of the fame root 5 
and that certain quadratics, and others raifed from them, 
have double roots; then in the 16th chap. Vieta thews 
what relation thofe two roots bear to the coefficients of 
the two lowelt terms of an equation confitting of only 
three terms. ‘Thus, 











IFBA—A?=Z)} then Bas =A +E, 

and BE-~E*?=Z J and Z = — =Ar = AE, 

If BA —A? = Z) then B= == Ap AE LES, 
and BE-E? =Z, | andZ = METAS SMES AES 
TEA" + BA°=Z, _ Ea Am __ Amen ANE® 
and shears thee Bas + road ae Eo AS 


And fo on for the fame terms with their figns varioufly: 
changed, 


Chop, 


“i Ae 


o=B—(a+b4c)? 
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Chap, 17 contains feveral theorems concerning quan- 
tities in continued geometrical progreffign. Which are 
preparatory to what follows, concerning the double 
roots of equations, the nature of which he expounds by 
means of {uch properties of proportional quantities. 

Chap. 18, Aquationum ancipitum conflitutiva ; treating 
of the nature of the double roots of equations. Thus, 


» if a, 6, c, d, &c, be quantities in continual progreffion ; 


then, it of equations affe€ted with the firlt power, 
WBA "A? = Z; then B = 244, Z=ab, & Ama or b. 
IfBA — Ai=Z; then Beo+k+e,Z= 
a(B+c), & A=aore 

And in general, if BA —A®+!; then B= a® + 384+ 7 
o-e BZma(h+ctpad"- ~-- ), andAme 
or é the firit or laft term. Where the number of termsa", 
#, &c, in Bis 2 + 1, and the number of terme in Z is m. 


2d, For equations containing only the higheft two 
powers. 
If BA? ees Z; then B=a+bh+c,Z = a(b+c)*, 


ore (a+3)%, and A = a-+4, or 4c. 
If BA3—A* = Z; then B= a+b4c4d,Z=a(bte 
+d)3or= da+b-+c)%andA =a+5-4+corsxb-+e-+ ds 
Aad, in general, if BA"~A®*'=Z; 
oe Beats-+e --- eth, 

Z=alb+e 0 oraz k (atb+e-+---7), 
adA>a+b+4+c--+--ior=b+ce+d---- 3, 
the fum of all except the laft, or fum of all except the 
firt; where the number of terms in B is #-++-1, and the 
number of terms in Z is n. 

3d. Of equations affected by the intermediate powers. 
IfBA?— A+=Z; thenB=a? + 42,2 =a2b?, &A?=a? ord, 
HBA3—AS=7 ;thenB=a3 +53, =a3h3,& A3=a4ordl3, 
MBA‘ AS=Z,;thenB=a? +02 + c%, Z = a(b? + ¢*), 

and A?=a+orb+e. 
4th. Of the remaining cafes, 
AS=Z; 
then B= (a+4)3 + (b4c¢)3 +a(b-+¢)?0r + c(a + 3)%, 


and Z=B-—-(a+6)3. (a+6)* 


an(beertdethy + (a+b), 
and A=a+ bord --e. 
If BAI ~AS = Z; 


then B= (a+b+e)2+ (S+e4d)? — clath +) 
or—4(d4+e44, 
and Z = B—(6+-e-+ dy.(b4-¢4+d)3 
+ (a+b+c)?; 
Azat+b+eorb+ce+d. 
» 19 Py qualitatum contradicentium conflituttva. 
OF the relation of equations of like terms, but the f 
ef one term different ; containing thefe 5 theorems, viz, 
1. If At+BA=Z,} then Pats ab; 


andE?—-BE=Z;f and Ama, E= 34, 
hen B= (4 4+d4)3 — 3 
2. IfA++BA=Z, |" Zaa(d?—I3) pig al 
andE*—BE=Z; }and A=a,E=d 
eee +is+4f —ab— cS 5, 
3 If AS+-BA=Z, = a(bs + ds + fscs es) 
cesar Me cS Sb —d5) 5 
andE®—-BE=Z; J and Aa, E=/f. 
“then B = 5 + d—a—e L= 
ge Tf At4+BAs=Z, |! ‘nd—-B)3 eee os; 
andE+— BE3= andA =e~-g,E = d~s, 
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then B= b +d + f—a~c—e, 
Z=a(b+d+f—c—e)s 
or = f(a +¢+e—3—d)53 
and A = a4+c+emb—d, 
E=b4+d+fse—e 


Chap. 20. — Aqualitatum inverfarum as aa abi 
Containing thefe fix theorems, viz, 


‘ HANBAIZ, 


andES JBES=Z; 


= then Bc? a’, Z=a (e—) 
1.1f BA-A3=Z, (o. =e") : 
and E3—BE=Z; J and A =a, E =e, 


then Bat 4- ct 44-34 —d4,, 
2.1f BA—AS =Z, ==a(ct + e4—b4—d4) 
eae trae ; 
and Es—BE=Z; J and A=a,E 
3. BAM AIEZ , [then Bema = St 
and BE? — ae, and A = b—a, E=c—3, 
then Borate +e—b—d, 
4. If BA4-++AS=Z, Z=a(cteb—d)* 
or=e(S + d~a—c)43 
andBE*—Es=xZ; } "4 Rese Rieke one a 
) then B= (a+f) . (d—a), 
5. If BA3+AS=Z, Z=(d — a)3B + (d—a)s 
or=(e = eal 
andBE?— ES=Z;J andA=d—a, E = e—d, 


then B=(a ++ f) + (¢ — a)% 
Z=B+ (c—a)i + (cma)? 
or= B = (d—5)3 » (d~s)> 

andBE?—~E5==Z; J andA=c—a, E = d—d, 


Chap. 21. Alia rurfus equalitatum inverfarum confti~ 


6. If BA*+A5=Z, 


tutiva. In thefe two theorems > 
then B==a? 4-37 4 c?, 
Tf BA-—AI=Z, | Zm(atec)d* or =a(b?+ery 
or = ¢(a?+4*).; 
andE3}— B*A=Z; J and A = aore, Excata 


then B=za+b+e, 
2. If BA?~A'!=Z, Z=(a+b+c)b or = 
a(b +c)? or =c(a46)? 3 
andBE? + E3=2; and Ama+é orb4+c, E= & 

Next follows the 2d of the pieces publifhed by Alex> 
ander Anderfon, namely, 

De Emendatione AE quationuan, in. 14 chapters. 

Chap. 1. Of preparing equations for their refolntion 
in numbers, by taking away the 2d term 5° by which. 
affe@ted quadratics are reduced to pure ones, and cubie 
equations affected with the 2d term are reduced to fuch. 
as are affected with the 3d only. Several examples 
of both forts of equations are given, He here too: 
remarks upon the method of taking away any other term. 
out cf an equation, when the higheit power is com-- 
bined with that other term only ; and this Vieta effects: 
by means of the coefficients, or, as he calis them, the 
uncie of the power of a hinomial, All which was 
gif performed by Cardan for the fame purpofe, 

Ehap. 2. De tranfimutatione Tigirer—ixaxrer, qua’ remee 
dium of adverfus vitium negationis. Concerning the 
transformations by changing the given roet A for 
another root E, which 15 equal to the homogeneum 

somparae 


ALG 


eomparationis divided by the firft root A; by: which 
means negative terms are changed to affirmative, and 
radicals are taken out of the equation when, they are 
contained in the homogeneum comparationig: 

Chap. 3, Dé Anaftrophe, thewing the relatign between 
‘the roots of correlate equations ; from whenze, having 
given the root of the one equation, that of the other 
becomes known; and it confiils of thefe following 8 
theorems, moftly deduced from the lait 4 chapters of 
the foregoing recognitio equationum. 


1. If BA—AI=Z, 
and E3--BE=Z; 
eee } then (EFB)A—A?=BD4D* 
3..1f BA—AS=Z, | then ESA—E*A? + EA3}—A* 
and ES—BE=Z; [ = E*—B. : 
4 EBA*—A! =Z, | then (BE? +4+E}A—(BE+E*)A? 
andBE*¢+ Es=Z; +(B+E)A?— At=BE3 + E+, 
a, If AS—BA=Z, 
5 Ue AN Ray, | then A*-EA=B—Es. 
6. IEBAt+A3 =Z, 
andBE? —E3 =Z, 


. If BA~AS=Z, Bia a 
ie Tia? } then At+EA = B-E 


8 EDA Sia, | thenAtt (E—B)ASBE~E>. 
Chap. 4, De Tomeria, adverfus vitiuin fratlionis. 
"Yo take away fractions out of an equation. Thus, 


A+ 2 A=Z. PotA= =; then E? + BDE 
=ZD3, 

Chap. §, De Symmetrica Climaétifno adlverfus vitium 
~afymmetrie, To take away radicals or furds out of 
equations, by fquaring &c the other fide of the equation. 

Chap. 6. Lo reduce biquadratic equations by means 
of cubics and quadratics, by methods which are {mall 
wariations from thofe of Ferrari and Cardan. 

Chap. 7. The refolution of cubic equations by rules 
* which are the fame with Cardan’s, 

Chap. 8. De Canonica equationum tranfmutatione, ut 
corficientes fubgraduales fint que praferibuntur, To 
ranfmute the equation fo that the coefficient of the 
Jower term, or power, may be any given number, he 

changes the root in the given proportion, thus: Let 
A. be the root of the equation given, E that of the 
tranfmuted equation, B the given coefiicient, and X 


then EA—A* = > —-B. 


} then A?-+-(B—E)A=BE-—E*. 


the required one ; then take A= ~, which fubfti- 


tute in the given equation, and it is done.—He com- 
monly changes it fo, that X may be 1; which he 
does, that the numeral root of the equation may be 
the eafier found; and this he here performs by trials, 


by taking the neareft root of the higheft power alone; - 


. and if that does not turn out to be the root of the 
whole equation, he concludes that it has no rational 
roots 2 . 

Chap. 9. To reduce certain peculiar forms of cubics 

to quadratics, or to fimpler forms, much the fame as 

€ardan had done. Thus, . 
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1. IfA3—22?A = BY; then is AX7=BA = BY 
2. If 2B7A—A3 = B3; then is A?+BA = DB. 
3. lf A3}—387A = 2B; then is A = 22. 

4. 1f 3B*A~A3 = 2B5; then is A = B. 
5. 1f A} — BA? + DA = BD; then is A = B. 
6. lf A3+ BA? — D?*A = BD?*; then i mm 
9. If BA24-D?A—A3 =: BD*; thenis A= 
8, IF D2A+BDA —A3=83;then is(D 4 BIA—- 
g. If AS-D? + BDABs; thenissD—B)A 













“Jo, If A3—3BA=B,/2B ; then is A= iB / iB. 


tr If 3BA—A3=8 4/25; then is A= 4/5 B—- VLE. 

Chap. 30. Similium reduéionum contincario. Being 
fome more fimilar theorems, when the equation is_af- 
feéted with all the powers of the unknown quantity A. 

Chop. 11, 12, 13 relate alfo to certain peculiar forms 
of equations, in which the root is one of the terms of 
a certain ferics of continued proporti 3. 

Chap. 14, which is the lait in this tract, contains, in 
four theorems, the general relation between the reots of 
an equation and the coefficients of its terms, . when all 
its roots are pofitive. Namely, 


1.1B +D.A-A*=BD; then is A == BorD. 


ee 
2.1 AS—-B—-p-G sia? + BD + Gt Vee 
~ A x: BDG; then is A= Bor Dor G. 
3. If BDG+BDH + BGH + DGH - A- BD— 
BG _—BI_DG—DH—GH.A*+B4+D+G+H 
+ A3—A4=BDGH; then isA =B or D orG or H. 
4. If AS—-B-—D-G-H-K. At + BD + BG + 
BHYDK EHDCFDHA+DK + CGH+GK4HK 
.A3—BDG—BDH—BDK — BGH — BGK 
IBHK— DGH—-DCK~LHK—GHK - A 
7 BDGH4BDGK + Bik 4- BGHK + DGHR 
» A=-BDGHK ;"then is A = B or D or G or 
Hor K. . 

And from thefe laft 4 theorems it appears that Vieta 
was acquainted with the compofition of thefe equations, 
that is, when all their roots are politive, for he never 
adverts to "negative roots ; and from other parts of the 
work it appears that he was not aware that the fame 
properties will obtain in all forts of roots whatever. 
But it is not certain in what manner he obtained 
thefe theorems, as he has not given any account of 
the invefligations, though that was ufually his way 
on other occafions; but he here contents himfelf _ 
barely announcing the theorems as above, and fod 
flrange reafon, that he might at length bring his work 
to a conclufion. 

To this piece is added, by Alexander Anderfon, 
an Appendix, containing the conftraction of the cubic 
equations by the trifection of an angle, and a demon- 
{tration of the property referred to by Vieta for this 
purpofe. 

De Numerofa Poteflatum Purarum Refolutione. Vieta 
here gives fome examples of extraCting the roots of 
ure powers, in the way that had been long before 
pra@tifed, by pointing the number into periods of 
figures according to the index of the root to be ex- 
traéted, and then proceeding from one period to another, 
in the ufual way. D 
: e. 
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Dt Numerofa Potefatum adfe@arum Refolutione. And 
here, ‘in clofe imitation of the above method for the 
toots:of -:pure powers, Vieta extratts thofe of adfedted 
, Ones} oF finding the roots of affeed equations, placing 
“always the homogeneum comparationis, or abfolute 
term, on one fide, and all the terms affected with the 
sunknown quantity, and their proper figns, on the 
other fide. The method is very laborious, and is but 
little more than what was. before done by Stevinus on 
this fubje&t, depending not a little upon trials. The 
examples*he ufes are {uch as have either one. or two 
" roots, and indeed fuch as are affe€ted commonly with 
only two powers of the unknown quantity, and which 
therefore admit only of thofe two varieties as to the 
umber of roots, namely according as the higher of 
“the two powers is affirmative or negative, the homo- 
geneum comparationis, on the other fide of the equa- 
tion, being always affirmative ; and he remarks this 
general rule, if the higher power be negative, the 
equation has two roots; otherwife, only one ; that is, 
affirmative roots ; for as to negative and imaginary ones, 
Vieta.knew nothing about them, or at leaft he takes 
no wétice of them. By the foregoing extraétton, 
Vieta finds both the greater and Jefs root of the two 
that are contained in the equation, and either of them 
that he pleafes; having firft, for this purpofe, laid 
down fome obfervations concerning the Finis within 
which the two roots are contained. Alfo, having 
found one of the roots, he fhews how the other root 
may be found by means of another equation, which 
is a degree lower than the given one ; though not by 
depreffing the given equation, by dividing it as is now 
done; but from the nature of proportionals, and the 
theorems relating to equations, as given in the former 
tradts, he finds the terms of another equation, different 
. from that lafl meutioned, from the root &c of which, 
| the ad root of the original equation may be obtained, 
‘Inthe couife of this work, Vieta makes alfo fome 
‘obfervations on equations that are ambiguous, or have 
three roots; ‘namely, that the equation ¢C —6Q+ 
11N =6, or as we write it #3—62? + 1106 is am- 
biguous, when the 2d term is negative, and the 3d 
term affwmative, and when § of the fquare of 6 the 
coefficient of the 2d term, exceeds 11, the coefficient 
of the 3d term, and has then three roots. Or in ge- 
neral, if «* —ax3 + 6x = c, and 4a*> 4, the equation 
is ambiguous, and has three roots. He fhews alfo, 
_ fram. the relation of the coefficients, how to find whe- 
.the roots are in arithmetical progreffion or not, 
i how far the middle root differs from the extremes, 
“by means of a cubic equation of this form x3~—ba = c. 
In all or moft of which remarks he was preceded. by 
Cardan.—Vieta alfa remarks that the cafe 23—ga? 
24a=:20, has three roots by the fame rule, viz, 2, 2, 5, 
but that two of them are equal. And farther, that 
when 4a” is = 4, then all the three roots are equal, as 
in the cafe #3~6x*412% = 8, the three roots of 
which are 2, 2,2. But when 4a? is lefs than 4, the 
cafe is not ambiguous, having but ove root. And 
when ad = ¢, then a = x is one root itfelf. 
Many curious notes are added at the end, with re- 
marks on the method of finding the approximate roots, 
when they are not rational, which is done in two 





ways, io imitation of the fame thing ia the extraction. 
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of pure powers, viz, the one by forming a fraGtion 
“of the remainder after all the figures of the homo~ 
geneum tomparationis are exhaufted ; the other by in- 
‘creafing thy root of the equation in a 10 fold, or 100 
fold, &c, froportion, and then dividing the root which 
refults by +0, or 100, &c: and this is a decimal ap- 

roximatica, AndVieta obferves that the roots will be 
increafed do or 100 fold, &c, by adding the corre- 
fponding number of ciphers to the coefficient of the 
2d term, double that number to the 3d, triple the 
fame number to the’ 4th, and fo on. So if the equa- 
tion were 7 

31C+4Q46N=8, 

then1C + 40Q + 60eN= 8000 will have its root 10 fold;. 

and 1C +400Q + 60000N=8o09000willhaveit 100fold, 


Befides the foregoing algebraical works, Vieta gave 
various ,conftruétions of equations by means of circles: 
and right lines, and angular fe€tions, which may’ be 
confidered as an algebraical tra&t, or a method of ex« 
hibiting the roots of certain equations having all their 
roots affirmative, and by means of which he refolved 
the celebrated equation of 45 powers, propofed to all 
the world by Adrianus Romanus. L 

Having now delivered a particular analyfis of Vieta’s 


algebraical writings, it will be proper, as with other” | 


authors, to colleét into one view the particulars of his 
more remarkable peculiarities, inventions, and improves. 
ments. : 

And firft it, may be obferved, that his writings 
fhew great criginality of genius and invention, and 
that he made alterations and improvements in moft. 
parts of algebra; though in other parts and refpedts 
his method is inferior to fome of his predeceffors 3. 
as, for inflance, where he negleéts to avail himfelf of 
the negative roots of Cardan; the numeral exponents. 
of Stifelius, inftead of which he ufes the names of the 
powers themfelves ; or the fraétional exponents of Ste- 
vinus; or the commodious way of prefixing the co- 
efficient before the quantity or faGor;. and fuch like 
circumftances ; the want of which gives his Algebra 
the appearance of an age much earlier than its own. 
But his real inventions of things before not known, 
may be reduced to the following particulars, . 

tft. Vieta introduced the general ule of the letters 
of the alphabet to denote indefinite given quantities 5 


which had only been done on fome particular occalions 


before his time. But the general ufe of letters for: 
the unknown quantities was before pretty common 
with Stifelius and his fucceffors. Vieta ufes the vowels. 
A, E, 1, O, U, Y for the unknown quantities, and the 
confonants B, C, D, &e, for known ones. 

2d. He invented, ‘and introduced many expreffions 
or terms, feveral of which are in ufe to this day: 
fuch as coefficient, affirmative and negative, pure. and 
adfected or affected, uncia, homogeneum adfectionis, 
homogencum comparationis, the line or vinculum over 


compound quantities thus A + B. “And his method of 
fetting down his equations, is to place the homogeneum 
comparationis, or abfolute known term, on the right- 
hand fide alone, and on the other fide all the terms 
which contain the unknown quantity, with their. proper 
figns. x 
4 ad. Tn moft of the rules and redudtions for cubic and 
ae other 
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ether equations, ‘he made fome improvements, and vas 
wlations inthe modes. 

qth. He fhewed how to change the root of an equa- 
tion ig a given proportion. is 

5. He dertved or raifed the cubic and Ejquadratic, 
&c equations, from quadratic ; but not by compo- 
fition in Harriot’s way, but by {quaring and otherwife 
multiplying certain parts of the quadratic, And as 
dome quadratic equations have two roots, therefore the 
cubics and others raifed from them, have alfo the fame 
two roots, and no more. And hence he comes to 


know what relation thefe two roots bear to the co-~ 


efficients of the two loweft terms of cubic and other 
equations, when they have only 3 terms, namely, by 
comparing them with fimilar equations fo raifed from 
quadraties. And, on the contrary, what the roots are; 
in terms of (uch coefficients, 

6, He made forne obfervations on the limits 
‘éwo roots of certain equations, 

7. Be ftated the general relation between the roots 
of certain equations and the coefficients of its terms, 
when the terms are alternately plus and minus, and 
none of them are wanting, or the roots all pofitive. 

8. He extrated the roots of affected equations, by a 
method of approximation fimilar to that for pure powers, 

.9. He gave the conflruétion of certain equations, 
and exhibited their roots by means of angular feétions 5 
before adverted to by Bourbelli. 


of the 


OF ALBERT GIRARD. 


Albert Girard was an ingenious Dutch or Flemith 
gmathematician, who died about the year 1633. He 
publifhed an edition of Stevinus’s Arithmetic in 1625, 
augmented with nrany notes 5 and the year after his 
death was publifhed by his widow, an edition of the 
whole works of Stevinus, in the fame manner, which 
Girard had left ready for the prefs. But the work 
which entitles him to a particular notice in this hiftory, 
is his *¢ Znvention Nouvelle en ? Algebre, tant pour la fo- 
dution des equations, que pour recognoifire le nombre des fo- 
dutions qu'cdles recoivent, avec plufierrs chofes qui fort ne- 
seffuires a la perfection de cofte divine fetence 3? which 
was printed at Amfterdam 1629, in {mall quarto in 
63 pages, viz, 49 pages on Arithmetic and Algebra, 
and the ret on the meafure of the fuperfictes of 
{pherical triangles and polygons, by him then lately 
difcavereds ‘ 

In this work Girard firft premifes a fhort tra& on 
Arithmetic; in the notation of which he has fome- 
thing peculiar, viz, dividing the numbers into the 
ranks of millions, billions, trillions, &c. 

He next delivers the common rules of Algebra, both 
in integers, fra€tions and radicals; with the nota- 
tion of the quantities and figns, In this part he ufes 
fometimes the letters A, B, C, &e, after the men- 
ner of Vieta, bit more commonly the characters of 
Stevinus, viz, ©), ©), &es for the powers, of the 
unknown quantity, with their roots ®, @@. ® 
&e, ufed by Stevinus 5 and fometimes the more v ural 
marks of the roots as, 4/ or Vir Vs &es prefixing 
the coefficients, as 6), or 34/32) or 2 In the 
figns he follows his predeceffars fo far as to 
plus, — or > for mians, = for general or indefinite 
“Gifference, A + B for the fum, A — Bor A=B for 
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the difference, AB the produa, and * for the quotient 


of Aand B. He ufes the parenthefes( ) for the 
vinculum or bond of compound quantities, as is now 
commonly practifed on the continent ; a6 A(AB + Bq), 
or 3/(A cub. — 3AqB); and he introduces the new 
charaéters f for greater than, and § for lefs thaa ; but 
he ufes no character for equality, only the word itfelf. 
Girard gives a new rule for extracting the cube root 
of binomials, which however is in a good meafure ten- 
tative, and which he explains thus; To extraée the cube 


root of 72 + 4/§120+ 
5184 
5120 


their difference 64, and its 
cube root 4. Which fhews that the difference between 
the fquares of the terms required is 4.5 and the rational 
part 72 being the greater, the greater term of the root 
will be rational alfo ; and farther, that the greater terms 
of the power and root arc commenfurable, as alfo the 
two lefa terms. Then having made a table as in the 


The {quares of the terms 


margin, where the {quare of the rational 
24/0 term always exceeds that of the other, by the 
g+5 number 4 above mentioned, one of thefe bi- 
42 nomials mutt be the cubic root fought, if the 


St f/2t eee quantity have fuch a root, and it mutt 

e one of thefe four forms, for it is known _ 
to be carried far enough by obferving that the cube 
root of 72 is lefs than 5, and the cube root of 5120 
lefa than 21; indeed, this being the cafe, the lat bino- 
mial is excluded, as evidently too great ; and the firft 
is excluded becaufe one of its terms is o; therefore , 
the root mult be either 3-5 or 4+ iz. And to 
know whether of thefe two it mult be, try which of 
them has its two terms exaét divifors of the correfpond- 
ing terms of the given quantity 5 then it is found that 
3, and 4.are both divifors of 72, but that only 5, and 
not 12, isa divifor of 51203 therefore 3+-Y5 is the 
root fought, which upon trial is found to anfwer. It 
is remarkable here that Girard ules 4+ 7/20 inflead of 
4+ 12, and $+ 729 inftead of 5 + 4/20, contrary to 
his own rule. 

Girard then gives diftin@ and plain rules for bringing 
quettions to equations, and for the reduétion of thole 
equations to their fimpleft form, for folution, by the ufual 
modes, and alfo by the way called by Vieta Lfomeria, 
multiplying the terms of the equation by the terms of 


“a geometrical progreffion, by which means the roots are 


altered in the proportion of 1 to the ratio of the piro- 
greffion, He then treats of the methods of finding 
the roots of the feveral forts of equations, quadratic, 
cubic, &c 3 and adds remarks on the proper number of 
conditions or equations for limiting queftions. The 
quadratics are refolved by completing the fquare, and - 
both the pofitive and negative roots are taken; and he 
obferves that fometimes the equation is impoffible, as +. 
equ. 61) = 25, whole roots, he adds, are 3 + W168 
and 3—/—16. 

The cubic equations he refolves by Cardan’s rule, 
except the irreducible cafe, which he the firit of any 
refolves by a table of fines ; the other cafes alfo he re- 
folves by tables of fines and tangents; and adds geo- 
metrical conftrations by means of the hyperbola er the 
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trifegtion of angles. He next adds a particular mode 
of refolving all forts of equations, that have rational 
roots, upon the principle of gte'roots being divifors of 
the laft or abfolute term, as before mentioned by Pele- 
tarius; and then gives the method of approximating 
to other roots that are not rational, much the fame way 
aa Stevinus. = 

Having found one root of an equation, by any of the 
former methods, by means of it he depreffes the equation 
one degree lower, then finds another root, and fo on 


till they are all found ; for he fhews that every algebraic | 


equation admits of as many folutions or roots, ‘as there 
are units in the index of the higheft power, which 
roots may be either pofitive or negative, or imaginary, 
or, ashe calls them, greater than nothing, or le{s than 
nothing, or involved fo the roots of the equation 1@ 
equ. 7® — 6, are 2, 1, and — 3; ‘and the roots of the 
equation 1(4) equ. 4@ ~ 3 are 1, 
t 
—itv~2, 
. ~—I—/—2, 

In deprefling an equation to lower degrees, he does 
not ufe the method of -refolution of Harriot, but that 
which is derived from the general relation of the roots 
and coefficients of the terms, which he here fully and 
univerfally ftates, viz, that the coefficient of the 2d term 
ig equal to the fum of all the roots; that of the gd 
‘term equal to the fum of all the produéts of the roots, 
taken two by two; that of the 4th term, the fum of 
the produés, taken three by three; and fo on, to the 
laf or abfolute term, which is the continual produ& of 
all the roots; a property which was before {tated by 
Vieta, as to the equations that have all their roots pofi- 
tive and here extended by -Girard to all forts of roots 
whatever: but how either Vieta or he came by this pro- 
perty, no where appears that I knowof. From this 

everal property, among other dedudtions, Girard fhews 

aw to find the fums of the powers of the roots of an 
equation ; thus, let A, B, C, D, &c, be the rit, 2d, 3d, 
4th, &c, coefficient, after the firft term, or the fums of 
the produéts taken one by one, two by two, three by 
three, &e ; then, in all forts-of equations, 


A : 2» f roots, 
Aq—2B ie v= J fquares, 
Acub.—3AB-+43C : = ) cubes, 
Aqq—4AqB +4AC+2Bq—4D J § & ‘Ubiquadrates. 
Girard ne&t explains the ufe of negative roots in 


Geometry, fhewing that they reprefent lines only 
drawn in a direGtion contrary to thofe reprefenting the 


te see roots; and ‘he remarks that this is a thing 


itherta unknown. He then terminates the Algebra 
by fome queftions having two or more unknown quan- 
tities; and fubjoins to the whole a traét on the men- 


". furation of the furfaces of {pherical triangles and poly- 


gons, by him lately difcovered. 
From the foregoing account it appcars that, 
ift, He was the firft perfon who underikood the general 
dodtrine of the formationof the coefficients of the powers, 
from the fums of their roots, and their products, &c, 
2d, He wae the firft who underftood the ufe of ne- 
gative roots in the folution of po rne problems, 
3d, He was the firft who fpoke of the imaginary roots, 
and underftood that every equation might have as many 


roots real and imaginary, and no more, as there are . 
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* 2 fe bi 
unite in the index of the higheft pawer. And he was 
the firlt who gave the whimfical name.of guantities dfs 
than nothing to the negative. And, 1 

4th,. He was the firft who difcovered the rules for 
fumming the: powers of the roots of any equation, 


OF HARRIOT, 

Thomas Harriet, a celebrated aftronomer, philofo- 
pher, and mathematician, flourifhed about the year 1610, 
about which time it is probable he wrote his Algebra, as 
he was then, and had been -for many years before, 
celebrated for his mathematical and aftronomical la- : 
bours. In that year he made obfervations on the fpots 
in the fun, and on Jupiter’s fatellites, the fame year alfo 
in which Galileo. firlt obferved them: he left many. 
other curious aftronomical obfervationay and amongit 
them, fome on the remarkable comets of the years 1607 
and 1618." His Algebra was left behind him unpublifhed,- 
as well as thofe other papers, at his death, which hap- 
pened in the year 1621, being then 60 years of age, and’ 
but fix years after the firit publication of the principal 
parts of Vieta’s Algebra by Alexander Anderfon; fo 
that it is probable that Harriot’s Algebra was written 
before this time, and indeed that he had never feen thefe 
pieces. Harriot’s Algebra was publifhed by his friend 


. Walter Warner, in the year 1631: and it would doubt- 


lefs be highly grateful to the learned in thefe fciences, 
if his other curious algebraical and aftronomical works 
were publifhed from his original papers in the poffeffion 
of the Earl of Egremont, to whom they have defcended 
from Henry Percy, the Earl of Northumberland, that 
noble Mzcenas of his day. The book is in folio, and 
intitled Artis Analytice Praxis, ad Aquationes Ale 
braicas nova, expedita, &F generali metho lo, refoloendas 5- 
a work in all parts of it thewing marks of great geniue 
and originality, and is the firft inftance of the modern 
form of Algebra in which it has ‘ever fince appeareds 
It is pee by 18 definitions, which are thefe: xt, 
Logiftica Speciofas 2d, Equation ; 3d, Synthefis ; 
4s Analyfis ; 5, Compofition and Refolution ; 6, Form. 
ing an Equation ; 7, Reduétion of an Equation ; 8, Ve~ 
tification ; 9, Numerofa & Speciofa; 10, Excogitata ; 
11, Refolution ; 12, Roots ; ¥3 and 14, The kinds and 
generation of equations by multiplication, from binomial 
roots or factors, called original equations, : 
as@a@+)=aatba : 





ane — ca — bey 

or a + b | =aae+baatbea 
ate +caa—bda 
a-—d ~daa—cda—bed, 


where he puts @ for the unknown quantity, and the 
{mall confonants, 4, ¢, 4; &c, for its literal values or 
roots ; 15, The firft form of canonical equations, which 
are derived from the ahove originals, by tranfpofing 
the homogeneum, or abfolute term, 
thus aa + ba 
: —ca= + be, &e3 @ 
16, The fecondary canonicals, formed from the prit 
mary by expelling the 2d term, 
thus aa= 4 b4, 
or aaa — bba 
— bea 
—cars+ bbe - 
wb bee 5 ; 
17, That 
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17, That thefe are called canonicals, becaufe they are 
adapted to canons or rules for finding the numeral roots, 
&e. 18, Reciprocal equations, in which the homo- 

. geneum is the produé of the coefficients-of the other 
terms, and the firft term, or higheil power of the 
root, is equal to the product of the powers‘in the other 
terms, a8 aaa — caa + bba = + bbe. 

After thefe definitions, the work is.divided into two 
principal parts ; if, of various generations, reductions, 
and preparations of equations for their refolution in the 
2d part. The former is divided into 6 feétions as fol- 
lows. . 

Sedt. 1. Logiftices Speciofz, exemplified in the 4 oper- 
ations of addition, fubtra@tion, multiplication, and di- 
vifion ; as alfo the reduétion of algebraic fractions, and 
the ordinary reduGtion of ieregular equations to the 


form proper for the refolution of them, namely, fo that 


all the unknown terms be on one fide of the equation, 
and the known term on the other, the powers in the 
terms ranged in order, the greatett firlt, and the firlt or 
" Righel power made pofitive, and freed from its co- 
icient ; as. aa + ba=cd, 
or aaa +-haa—cda == — cd. 
In this part he explains fome unufual charaéters which 
he introduces, namely 
= for equality, 2s @ = 3. 
> for majority, asa > d, 
» for minority, asa <4; 
but the firlt had been’ before introduced by Robert 
Recorde. 

Se. 2, The generation of original equations from 
binomial fa@tors or roots, and the deducing of canoni~ 
cals from the originals. He fuppofes that every equa- 
tion has as many roots as dimenfions in its higheft 
po 3 then fuppofing the values of the unknown 
letter a in any equation to be b, c,d, fy Kc, that is a=b; 
and a =c, and a = d, &c; by tranfpofition, or equal 
fubtra@ion, thefe become a—d = 0, and ac = 0, and 
a—d = 0, &c, or the fame letters with contrary figns, 
for negative values or roots; then two of thefe binomial 
fators multiplied together, gives a quadratic equation, 
three of them a cubic, four of them’ a biquadratic, and 
fo on, with all the terms on one fide of the equation, 
and oon the other fide, fince, every binomial factor 
being == 0, the continual product of all of them muft 





alfo be =o. Thus, 

a+b) = aaa + baa + bea 

abe + caa ~ bda 

a—d| — daa — cda-kd =0 
an original equation, : 


and aaa + baa + bea 

+ caa — bda 

daa —cda = + bed 
its canonical, deduced from it. And thefe operations 
are carried through all the cafes of the 2d, 3d and 4th 
powers, as to the varieties of the figns ++ and —, and 
the proportions of ‘the roots as to equal and unequal, 
‘with the reciprocals, &c. From which are made evi- 
dent, at one glance of the eye, all the relations and 
properties between the roots of equations, and the cu- 
efficients of the terms. 

Sef, 3. Hiquationum canonicarum fecendariaram a 

primarits redudio per gradus alicujus paredici fublationen 


Ys 


“£90 3 


ALG 


radice fuppofttitia invariata manente. Containing a great 
many examples of preparing equations by taking away 
the 2d, 3d, or any other of the intermediate terms, 
which is done” by makinB* the pofitive: coefficients in 
that term, equal to the negative ones, by which means 
the whole term vanifhes, or becomes equal to nothing. 

They are extended as far as equations of the 5th 
degree; and at the end are collegied, and placed in 
regular order, all the fecondary canonicals, fo reduced, 
fo that by tlie uniform law which is viible throu h 
them all, the feries may be continued to the higher de- 
grees as far as we pleafe. 

Se. 4.  AEquationum canonicarum tam primariarum, 
quam fecundariarum, radicum ‘defignatio. ‘A great many 
literal equations are here fet down, and their roots al+ 
figned from the form of the equation, that is all their 

ofitive roots; for their negative roots are not noticed 
ere; and it is every where proved that they cahnot 
have any more pofitive roots than thefe, and confe- 


. quently the reft are negative. That thofe are roots, he 


proves by fubftituting them inftead of the unknown 
letter a in the equation, when they make all the terms 
on one fide come to the fame thing as the homogeneum 
on the other fide, 

Se&. 5, [n-qua equationum communium per canonicarum 
equipollentiam, radicum numerus determinatur, On the 
number of the roots of common equations, that is the 
pofitive roots. This Harriot determines by comparin 
them with.the like cafes found among his canonical 
forms, which two equations, having the fame number of _ 
terms with the fame figns, and the relations of the co- 
efficients and homogeneum correfpondent, he calls equi- 
pollents. And whatever was the number of pofitive 
roots ufed in the compofition of the canonical, the 
fame, he infers, is the number in the propofed common 
equation. It is remarkable that in all the examples 
here ufed, the number of pofitive roots is juft equal to 
the number of the changes in the figns from + to = 
and from ~ to +, which is acircumftance, though not 
here exprefsly mentioned, that could not efcape the 
obfervation, or the eye, of any one, much lefs of fo 
clear and comprehenfive ‘a fight as that of Hiarriot. 
In this fe@tion are contained many ingenious’ difqii- 
fitions concerning the limits and magnitudes of quan- 
tities, with feveral curious lemmas aid down to de- 
monttrate the propofitions by, which lemmas are them- 
{elves demonftrated ia a pure mathematical way, from 
the magnitudes themfelves, independent of geometrical 
figures; fuch as, 1, If a quantity be’ divided ‘into any 
two unequal parts, the fquare of half the line will be 
gveater than the product of the two unequal parts. 
2, In thrée continued proportionals,. the fum of the 
extremes is greater than double the mean. 3, In four 
continued proportionals, the fum of #he extremes is 
greater than the fum' of the two means. 4; In any 
two quantities, one-fourth the fquare of the fum of the 
cubes, is greater than the cube of the product of the 
two quantities. 5, Of any two quantities g and r, then 
alg bartrr)s > 4 (ggrtgry. 6, If any quan- 
tity be divided into three unequal parta, the {quare of ° 
4 of the whole quantity is greater than 3 of the fum of the 
three produéts made of the three unequal parts. 7, Alfo 
the cube of the 4 part of the whole, is greater than the 
folid or continual produ& of the three unequal parts. 
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$:8..6. Aquationum communium redudtio per gradus 
“alicujus parodici cxclufionem & radicis fuppofititie muta- 
tionem. Here are a great many examples of reducin 
and transforming equations of the 2d, 3d, and 4th de- 
grees; chiefly either by multiplying the roots of equa- 
tions i any proportion, as was done by Vieta, or in- 
¢reafing or diminifhing the root by a given quantity, 
et the manner of Cardan. ‘The former of thefe re- 
dudtions is performed by multiplying the terms of the 
-¢qnation by the correfponding terms of a. geometrical 
progreffion, the 1ft term being 1, and the 2d termthe 
uantity. by which the root is to be multiplied. And 
£ other reduGtion, or transforming to another root, 
_ which may be greater or lefs than the ‘given root by a 
Given quantity, 1s performed commouly by fubftituting 
tor — 4 for the given root a; by which the equation 
ig reduced to a fimpler form, Other modes of fubtti- 
ahd alfo,ufed;. ote of which is this, viz, fubltituting 
et 





bb ae A . 
or ect — for the root a in the given equation 
é 


aaa = 3.bba = 2,ccc, by which it reduces to this qua- 
dratic form 6 = 2c3 23 = — 66, from whence Cardan’s 
forms are immediately deduced ; namely ¢= 4/3) c$ 


=4/c5 + O°, and therefore a or e [= V3) 3 + 


_ LOL 4/3) c¥ — cS +3%3 where he denotes 
the cube or 3d root thus 4/3), but without any vincu- 
lam’over the compound quantities. 

In this feGtion, Harriot makcs various remarks as they 

- occur: thus he remarks, and demonttrates, that eve — 
Hr bbe = ccc : 

; —2.64b is an impoffible equation, or has no 
affirmative root. He remarks alfo that the three cafes 
of the equation aaa — 3.bba = + 2,cce are fimilar to 
the three conic fe@tions; namely to the hyperbola when 
¢> 4, to the parabola when ¢ = J, or to the ellipfis 
when ¢ < 4, and-for which reafon this cafe is not ge~ 
erally refotuble in fpecies, ‘ 

Having thus fhewn how to fimplify equations, and 
prepare them for folution, Harriot enters next upon the 
fecond. part of his work, being the : 


Exegetice Numerofa, 


or the numeral r@ilution of all forts of equations by a 
general method, which is exemplified in a great number 
of equations, both fimple and affected as Ee as the sth 
-power inclufive ; and they are commonly prepared, by 
the foregoing parts, by freeing them from their 2d term, 
&c, Thefe extractions are explained and performed in 
away different from that of Vieta; and the examples 
‘are fir in perfe€t or terminate roots, and afterwards for 
irrational or interminate ones, to -which Harriot ap- 
proximates by adding always periods of ciphers to the 
Riven number.or refolvend, as far as neceffary in deci- 
mals, which are continued and fet down as fuch, but 
with their proper denominator 10, QF 100, or 1000, &e. 
' He then concludes the work with 


Canones Diretorii, 
which form a collection of the cafes or theorems for 
making the foregoing numeral extraftions, ready ar- 
ringed for ufe, under the various forms of equations, 


with the fators neceffary to form the feveral refolvends 
and fubtrahends. 4 
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And from a review of the whole work, it appeare 
that Harriot’s inventions, peculiarities, and improve-” 
ments in algebra, may be comprehended in the follow." 
ing particulars. ; 

~ aft. He introduced the uniform ufe of the fmall let-" 
ters a, b, c,d, &c, viz, the vowels a, ¢, &c for unknown 
quantities, and the confonants 4, ¢, dy Ay &c for the 
known ones ; which he joins together like the letters of 
a word, to reprefent the multiplication or product of 
any number of thefe literal quantities, and prefixing the 
numeral coefficient as we do at prefent, exccpt only | 
feparated by a point, thus 5.¢éc. Fora roothe fet the 
index of the root after the’ mark 4/3 as 4/3) for the 
cube root. He alfo introduced the charaéters > and < 
for ‘greater and lefs; and in the redu@tion of equations,” 
he arranged the operations in feparate fleps or lines, fet+ 
ting theexplanations in the margin on the left hand, 
for each Itne. | By which, and other means, he may be’ 
confidered as the introducer of the modern ftate of Al- 
gebra, which quite changed its form under his hands. _ 
2d. He fhewed the univerfal generation of all the 
compound or affected equations, by the continual mul- 
tiplication of fo many fimple ones, or binomial root’; 
thereby plainly exhibiting to the eye the whole circum- 
ftances of the nature, myitery and number of the roots 
of equations ; with the compofition and relations of the 
coefficients of the terms; and from which many of the 
moft important propertics have fince been deduced. 

3d. He greatly improved the numeral exegefis, of 
extraction of the roots of all equations, by clear and ex. * 
plicit rules and methiods, drawn from the a 
os gr compofition of affected equations of 

legrees, 
‘OF OUGHTRED’S CLAVIS. en 

Oughtred was contemporary with Harriot, but lved 
auong time after him. His Chavis was firft publithedin 
1631, the fame year in which Harriot’s Algebra was 
“publithed by his friend Warner. In this work, Ough+ 
tred chiefly follows Vieta, in the notation by the capi- 
tals A, B, C, D, &c, in the defignation of produéts; 

wers, and roots, thongh with fome few variations, 

is work may be comprehended under the following 
particulars. : z, : 

1. Notation. -This extends to both Algebra and 
Arithmetic, vulgar and decimal, The Algebra chiefly 
after the manner of Vieta, as abovelaid. And he fepa- © 
rates the decimals from the integers thus, 2) 56, which 
is the firft time J have obferved fuch a feparation, and 
the decimals fet down without thétr denominator. 

2. The common rules or operations of Arithmetic 
and Algebra. In algebraic multiplication, he either 
joins the letters together liké a word, or connedts them 
by the mark x, which is the firft introdu@ion of this 
chara&er of multiplication: thus A x A or AA or 
Ag. But omitting the vinculum over compound fac- 
tors, ufed by Vieta, He introduces here many neat 
and ufeful contraGtions in multiplication and divilion of 
decimals: as that common one of inverting the multi- 
plier, to have fewer decimals, and abridge the work ; 
that of omitting always one figare at a time, of the 
divifor, for the fame purpofé ; dividing by the compo- 
nent factors of a number inftead of the number itfelf ; as 
4 and 6 for 24; and many other neat contractions. He 
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Rates his proportions thus 7.9 :: 28.36, and denotes 
continued proportion thus +: ; which is the firft time I 
have obferved thefe charaéters, : 

3. Invents and defcribes various. fymbolical marks or 
basher soi which are not.now ufed. 

4. The gensfis and analyfis of powers, Denotes powers 
like iets, mai alfo a af W/o, 4/620, ee 
&c; and much in his manner too performs the numera 
extraGion of roots. He here gives a table of the pow- 
ers of the binomial A + E as far asthe roth power, 
with all their terms and coefficients, or unciz as he calls 
them, after Vieta. s 

5. Equations. He here gives exprefs and particular 
direétions for the feveral forts of reductions, according 
as the form_of the equation may require. And he ufes 
the letter u after 4/, for univerfal, inftead of the vin- 
culum of Vieta. And obferves that the figns of all the 
terms of the powers of A + E are pofitive, but thofe 
of A — Eare alternately pofitive and negative. 

6. Next follow many properties of triangles and 
other geometrical figures; and the firt inftance of ap- 
plying Algebra to Geometry, fo as to inveftigate new 
geometrical properties ; and after the algebraical refo- 
lution of each problem, he commonly deduces and gives 


@ geometrical conftru€tion adapted to it, He gives alfo 


a good tract on angular fections. 

7.°The work concludes with the numeral refolution 
of affeGted equations, in which he follows the manner of 
Vieta, but he is more explicit. 


_ OF DESCARTES, 

Defcartes’s Geometry was firft publifhed in 1637, 
being fix tal after. the publication of Hiarriot’s Al- 
gebra. ‘That work was rather an application of Algebra 
to Geometry, than the fcience either of Algebra or Geo- 
metry itfelf, purely and properly fo called. And yet 
he made improvements in both. We mutt obferve 
however, that all the properties of equations, &, 


- which he fets down, are not to.be confidered as even 


meant by himfelf for new inventions’ or difcoveries ; 
put as ftatements and enumerations of properties, before 
‘known and taught by other authors, which he is about 
to make fome ufe or application of, and for which rea- 
fon it is that he mentions thofe properties. © q 

Defcartes’s Geometry confifts of three books, The 
firft of thefe is, De Probtematibus, que confirui poffuni, 
adhibendo tantum reéias lineas (P rake He here ac- 
commodates or performs arithmetical operations by 
Geometry, fuppofing fome line to reprefent unity, and 
then, by mcans of proportionals, fhewing how to mul- 
tiply, divide, and extract roots by lines. He next de- 
feribes the notation he ufes, but not becaufe it is a new 
one, for it is the fame a8 had bees ufed by former au- 
thors, viz, a + 4 for the addition of a and 4, alfo a — 5 
> divifion, aa 
ora? the fquare of a, a3 its cube, &c: alfo /a* + 0 
for the fquare root of a* + J, and ,/C.a3 — 63 + abb 
for the eube root, &c. He then obferves, after Stife- 
lius, that there muft be as many equations as there are 
unknown lines or quantities; and that they mutt be 
reduced all to one final equation, by exterminating all 
rhe unknown letters except one ; when the final equa- 
tion will appear like thefe, 


fer their fubtraGion, ad multiplication, 
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2% 8, or 

2 10 —~ az + 5, or 

23% + ax? + be — c3, or 

zt 0 $ azt + b72t — 3 we + 4, Ree 
Where he tifes 20 for = or equality, fetting the higheft 
term or power alone on one fide of the cquation, and all 
the other terms on the other fide, with their proper 
figns, 

‘Defeartes next defines plane problems, namely, fuch 
as can be refolved byright lines and circles, defertbed 
on a plane fuperficies; and then the final equation rifes 
only to the 2d power of the unknown letter. He then 
conftruéts fuch equations, viz. quadratics, by the circle, 
thus finding geometrically the root or roots, that is, the 
politive ones. But wheu the lines, by which the roots 
are determined, neither cut nor touch, he obferves that 
the equation has then no poffible root, or that the pro- 
blem is impoffible. He then concludes this book with 
the algebraical folution of the celebrated problem, be+ 
fore treated of by the antients, namely, to find a point, 
or the locus of all the points, from whence a line being 
drawn to meet any number of given lines in given an- 

les, the produé of the fegments of fome of them fhall 
fave a given ratio to that of the reft. 

Lib. 2 De Natura Linearum Curvarum. This is 
a good algebraical treatife on curve lines in general, and. 
the fir of the kind that has been produced by the mo- 
derns. Here the nature of the curve is expreffed by an 
equation containing two unknown or variable lines, and 
ox! 


6 
+ ay —ac. But, not relating to pure Algebra, the par- 
ticulars will be molt properly placed under the article of 
curve lines, and other terms relating tothem. Only one 
difcovery, among many ingenious applications of Iges 
bra to Geometry, may here be pou. noticed, as it 
may be confidered as the.firft ftep towards the arithme- 
tic of infinites; and that igthe method of tangents, here 
given, or, which comes to the fame thing, of drawing a 
ine perpendicular to a curve at any point, which is an 
ingenious application of the general form of an equation, 
generated in Harriot’s way, that has two equal roots, to 
the equation of the curve. Of whicg a particular ac-- 


others that are known or conftant, as. y? 20 cy — 


- count will be given at the article TanGEnTs. 


Lib. 3. De Confirufione Problematum Solidorum, et 
Solida excedentium. -Defcartes begins this book with re- 
marks on the nature and roots of equations, obferving 
that they have as many roots as dimenfions, which he 
fhews, after Harriot, by multiplying a certain. number 
of fimple binomial equations together, as # — 2 2 0}; 
and x 3 20 0, and ¥ — 4 2 ©, producing x3 — gxw 
+ 26x —24 20. He here remarks that equations 
may fometimes have their roots fale, or what we cali 
negative, which he oppofes to thofe that are pofitive, or 
as he calls them érue, as Cardan had done before. Asa 
natural deduGtion from the generation or compofition of 
equations, by multiplication, he infers their refolution, 
or depreffion, or decompofition, namely, dividing ther 
by the binomial fa@ors which were multiplied to pros 
duce the equation: and he obferves that by this opera. ~ 
tion it is known that this divifor is one of the binomial, 
roots, and that there can be no more roots than dimen- ., 
fions, or than thofe which form with the unknown letter 

x, bino- 
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2, binomials that will exaG@ly divide the equation, as 
arviot had fhewn. before. {cartes adverts to feveral 
other propertics, moftly known before, which he has 
.  occafion to make ufé of in the progrefs of his work ; 
- fach as, that equations may have as many true roots as 
the terms have changes of the figns + and —, and as 
. many falfe ones as fucceffions of the fame figns: which 
number and nature of the roots had befere been partly 
thewn by Cardan and Vieta, from the relation of the 
* coefficients, and their figns, and more fully by Harriot 
vin his sth feGtion. And hence Defcartes infers the me- 
thod of changing the'true roots to falfe, and the. falfe 
to true, namely by changing the figns of the even terms 
only, as Cardan had taught before. Defcartes then ad- 
yerts to other reduGtions and tranfmutations which had 
been taught by Cardan, Vieta, and Harriot, fuch as, 
To jncreafe or diminith the roots by any quantity ; To 
take away the 2d term : To alter the roots in any pro- 
* portion, and thence to free the equation from fraGtions 
and radicals. 
~Defcartes next remarks that the roots of equations, 
* whether true or falfe, may be either real or imaginary ; 
as inthe equation «3 — 6xx + 13% — 10 » 0, which 
*, hasonly one real root, namely 2, The imaginary roots 
were firft noticed by Albert Girard, as before mentioned. 
He then treats of the depreffion of a cubic equation to 
a quadratic, or plane problem, that it may be conftruéted 
by the circle, by dividing it by fome one of the bino- 
mial factors, which, in Harriot’s way, compofe the 
equation, Peletarius having thewn that the fimple root 
ie one of the divifors of the known term of the equation, 
and Harriot that that term is the continual produ& 
of all the roots, Defcartes therefore tries ull the fimple 
divifors of that term, till he finds one of them which, 
connected with the unkuown letter x, by + or —, will 
- exadtly divide the equation. And the. procefs is the 
fame for higher powers than the cube. But when a 
»% divifor cannot be thus found, for depreffing a biquadra- 
tic equation to a cubic, he gives another rule, which is 
‘a new one, for diffolvifig it into two quadratics, by 
means of a cubic equation, in this manner: 


Let the given biqu. be + at,» pax. ga. 7 03 


Which fuppofe S L 1%. 
* equal to the tam mye Palys ap 2y * % 
product of . q 
thefe two ax tye btyy. ape Fy 95 


where the fign of 4p in the two quadratics muft be the 
fame as the fign of p in the given equation, and in 


the 1% quadratic the fign of 4 mutt be the fame as the 


the fign of g, but in the 2d quadratic the contrary. 
Then if there be found the root yy of this cubic equa- 


tion y°. 2py4 hy — 99 20, 

where the fign of 2p is the fameas of p in the given bi- 
quadratic, but the fign of 4r contrary to that of r in 
the fame: Then the value of y, hence deduced, being 
fubftitated for it in the two quadratic equations, and 
their two pairs of roots taken, they will be the four roots 
of the propofed biquadratic. And thus alfo, he hints 
may equations of the 6th power be reduced to thofe of 
the sth, and thofe of the 8th power to thofe of the 7th, 
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and fo on. Defcartes does not givé the inveftigation of 
this rule; but it has evidently been done, by affumin 

indeterminate quantities, after the manner of Ferrari 
and Cardan, as coefficients of the terms of the two qua- 
dratic equations, and, after multiplying the two together, 
determining their values by comparing the relulting 
terms with thofe of the propofed biquadratic equation. 

After thefe redu€tions, which are only mentioned for 
the fake of the geometrical conftru€tions which follow, 
by fimplifying and depreffing the equations as much as 
they will admit, Defcartes then gives the conflru&tion 
of folid and other higher problems, ‘or of cubic and 
higher equations, by means of parabolas and circles; 
where he obferves that the fale roots are denoted by the 
ordinates to the parabola lying on the contrary fide of 
the axis to the true roots. Finally, thefe conftructiéns 
are illuftrated by various problems concerning the’ tri- 
fe&ing of an angle, and the finding of two or four mean 
proportionals ; which concludes this ingenious work. 

From the foregoing analyfis may eafily be colleéted 
the real inventions and improvements made in algebra by 
Defcartes. His work, as has been obferved before, is 
not algebra itfelf, but the application of algcbra to ge- 
ometry, aud the algebraical doétrine. of curve lines, 
expreffing and explaining their nature by algebraical 
equations, and on the cofitrary, conftruéting and explain- 
ing equations by meats of the curve lines. What re- 
{pects the geometrical parts of this tract we fhall have 
occafion to advert to elfewhere ; and therefore fhall here 
only enumerate the circumftances which belong more 
peculiarly to the fcience of Algebra, which I thall 
diftinguifh into the two heads of improvements and 
inventions. And 

1ft. OF his improvements. That he might fit equa-_ 
tionsthe better for their application in the conftruction’ 
of problems, Defcartes mentions, as it'were by-the-bye, 
many things concerning the nature and reduétion of 
equations, without troubling himfelf about the firft in- 
ventors of them, ftating them in his own terms and-mans, 
ner, which is commonly more clear and explicit, 
often with improvements of his own, And under 
head we find that he chiefly followed Cardan, Vieta, and’ 
Harriot, but efpecially the laft, and.explains fome of 
their rules and difcoveries more diftinGly, and varies 
but a little in the notation, putting the firtt letters of 
the alphabet for the known, and the latter letters for the 
unknown quantities ; alfo 43 for aaa, &c; and 2 for =. 
But Herigone ufed the numeral exponents in the fame 
manner two years before. Defeartes explained or ime 
proved moft parts of the reduétions of equations, in 
their various tranfmutations, the number aid nature of 
their roots, true and falfe, real and what he calls ima- 
ginary, called involved by Girard ; and the deprefiton 
of equations to lower degrees. 

2d.- As to his inventions and difcoveries in ulyebra, 
they may be comprehended in thefe particulars, namely, 
the application of algebra to the geomctry of curve lines, 
the conftructing equations of the higher orders, and: 
a rule for refolving biquadratic equations by means of 
a cubic and two quadratics. 

Having now traced the feience of Algebra from its 
origin and rude Rate, down to its modern and more 
polifhed form, ia which it has ever fince continued, 
with very littl variation ; having analyfed all or malt 

of 
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“6f the principal authors, in a chronological order, and 
- deduced the inventions and improvements made by each 
of thems from this time the authors both become too 
numerous, and their improvements tco inconfiderable, 
to merit a detail in the fame minute and circumfantial 
way: and befides, thefe will be better explained in a 
particular manner under the word or article to which 
each of them feverally belongs. It may therefore now 
fuffice to enumerate, or announce only in a curfory man- 
ner, the chief improvements and authors on algebra 
down to the prefent time. : 
After the publication of the Geometry of Defcartes, 
a great many other ingenious men followed the fame 
courfe, applying themfelves to algebra and the new 
yeometry, to the mutual improvement of them both ; 
which was done chiefly by reafoning on the nature and 
forms of equations, as genetated and compofed by 
Harriot. Before proceeding upon thefe however, it 16 
but proper to take notice here of Fermat, a learned 
and ingenious mathématician, who was contempo- 
rary anda competitor of Defcartes for his brighte® 
difcoveries, which he was in poffeffion of before the 
geometry of Defcartes appeared, Namely, the appli- 
cation of algebra to curve lines, which he expreffed by 
an algebraical equation, and by them conftructing equa- 
tions of the 3d and 4th orders; alfo a method of tan- 
’ gents, and a method de maximis et minimis, which 
approach very near to the method of Fluxions or Incre- 
ments, which they ftrikingly refemble both in the manner 
of treating the problems, and in the algebraic notation 
and procels, "The articulars of which, fee under their 
proper heads. Befides thefe, Fermat was deeply learned 
in the Diophantine problems, and the belt edition of 
Diophantus’s Arithmetic, js that which contains the 
notes of Fermat on that ingenious work. 

But to return to the fucceffors of Defcartes. His 
geometry having been publifhed in Holland, feveral 
Tearned and ingenious mathematicians of that country, 
prefently applied themfelves to cultivate and improve it 5 
. ctivoten, Hudde, Van-Heuract, De Witte, Slofius, 

gens, &cs befides M. de Beaune, and perhaps 
@ others in France. 

Francis Schooten, profeffor of mathematics in the 
univerfity of Leyden, was one of the firft cultivators of 
the new geometry. He tranflated Defcartes’s Geome- 
try out of French into Latin, and publifhed it in 1649, 
with his commentary upon it, as alfo Brief Notes of M. 
de Beaune; both of them containing many ingenious 
and ufefulthings. Andin 1659 he gave a new edition of 
the fame in two volumes, with the addition of feveral 
other ingenious pieces: as two pofthumous tracts of 
de Beaune, the one on the nature and conftitution, the 
other on the limits of equations, fhewing how to affign 
the limits between which are contained the greateft and 
leaft roots of equations, extended and completed by 
Erafmus Bartholine: two letters of M. Hudde on the 
reduétion of equations, and on the maxima and mini- 
ma of quantities, containing many ingenious rules; 
among which are fome concerning the drawing of tan- 
gents, and on the equal rots of equations, which he 
determines by multiplying the terms of the equation by 
the terms of any arithmetical progreffion, o being one 
of the terms, the equation is commonly depreffed one 
degree lower: alfoatra@t of Van Heuraet on the rettifi- 
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cation of curve lines; the elements of curves hy De Witte 
Schooten’s principles of univerfal mathematics, or intror 
du@ion to Defeartes’s geometry which had before been 
publifhed by itfelf in 1651 ; and to the end of the work is 
added a pofthumous piece of Schooten’s (for he died 
while the 2d vol. was printing) intitled Yraéatus dé 
concinnandis demonfirationibus geometricis ex calculo alge. 
braico, Schootén alfo publithed, in 1657, Lxercitati- 
ones Mathematica, in which are contained many curious 
algebraical and analytical pieces, amongft others of a 
geometrical nature. 

An elaborate commentary on Defcartes’s Geometry 
was alfo publifhed by F. Rabuel, a Jefuit; and James 
Bernoulli, enriched with notes, an edition of the fame, 
printed at Bafil in 169-— 

The celebrated Huygens alfo, among his great difs 
coveries, very much cultivated the algebraical analyfi 
and he is often cited by Schooten, who relates divers in+ 
ventions of his, while he was his pupil. 

Slufius, a canon of Liege, pubdlithed in 1659, Mefola- 
bum, feu dua media propor. per circulum & ellips. vel hyo 
porb. infinitis modis exbibite; by which, any folid pro- 
blem may be conflruéted by infinite different ways. 
And in 1668 he gave a fecond edition of the fame, with 
the addition of the analyfis, and a mifcellancous collec- 
tion of curious and important problems, relating to fpi- 
rals, centres of gravity, maxima and minima, points of 
inflexion, and {ome Diophantine problems ; silitewias 
him deeply fkilled in Algebra and Geometry. 

‘There have been a great number of other writers and 
improvers of Algebra, of which it may fuffice lightly 
to mention the: chief part, as in the following cata- 





logue. 
peter Nonius, or Nunez, a Spaniard, wrote about the 
time of Cardan, or foon after. : 

In 1619 feveral pieces of Van Collen, or Ceulen, 
were tranilated out of Dutch into Latin, and publifhed 
at Leyden by W. Snell ; among which are contained a 
particular treatife on furds, and his proportion of the 
circumference of a‘circle, to its diameter. 

In 1621 Bachet publifhed, in Greek and Latin, an 
edition of Diophantus, with many notes. And another 
edition of the fame was publifhed in 1670, with additions 
by Fermat. 

In 1624 Bachet’s Problemes Plaifans et Deleables, 
being curious problems in mathematical recreations. 

In 1634 Herigone publithed, at Paris, the firft courfe 
of mathematics, in 5 vols. 8vo; in the 2d of which is 
contained a good treatife on Algebra; in which he ufes 
the notation by {mall letters, introduced by the Algebra 
of Harriot, which was publifhed three years before, 
though the reft of it does not refemble that work, and 
one would fufpe& that Herigone had not feen it. The 
whole of this piece bears evident marks of originality 
and ingenuity. Befides + for plus, he ufes w for 
minus, and | for equality, with feveral other ufeful abbre- 
vations and marks of his own. In the notation of powers, 
he does not repeat theletters like Harriot, but fubjoins 
the numeral exponents, to the letter, as Defcartes did 


~ two years afterwards. And Herigone ufes the fame ‘nu- 


meral éxponents for roots, a3 4/3 for the cube root. 

In 1635 Cavalerius publifhed his Indivifibles 3 which 
proved a new era in analytics, and gave rife to other 
new modes of computation in analytics. 


About 
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_& About 1640, et feq. Roberval made feveral no-. 


Table improvements in analytics, which are publifhed* 


a in-the-early volumes of the Memoirs of the Academy ‘ 


ef Bcidnces; as, 1. A traton the compofition of mo- 
tion, and 4 method of tangents. 2, De recognitione 
. @yvationum. 3, De geometrica planarum &S cubicarum 
‘@quationum refolutione. 4, A treatife on indivifibles, &c. 
* In 1643 De Billy publithed Nowa Geometrie Clavis 
Algebra, And in 1670 Diophantus Redivivus. Fe was an 
author particularly well fkilled in Diophantine problems. 

In 1644 Renaldine publifhed, in gto, Opus Algebrai- 
eum, both ancient and modern, with mathematical re- 

-folution and compofition. And in 1665, in folio, the 
fame, greatly enlarged, or rather ancw work, which is 
very heavy and tedious. In this work Renaldine ufes the 
parenthefes (a? + J?) asa vinculum, inftead of the line 
over, as a? + 3, 

‘In 1655 was publifhed Wallis’s Arithmetica Infinito- 
rim, being a neve method of reafoning on quantities, or a 
Great improvement on the Indivifibles af Cavalerius, and 
which in a great meafure led the way to infinite feries, 
the binomial theorem, and the method of fluxions. Wal- 
Tig here treats ingenioufly of quadratures and many other 
Problems, and gives the firft expreffion for the quadra- 
ture of the circle by an infinite feries. Another feries 
is here added for the fame purpofe, by the Lord 
Brouncker, . 

In 1659 was publithed Algebra Rhoniit Germanice ; 
which was in 1668, tranflated into Englith by Mr. Tho- 
mai Brancker, with additions and alterations by Dr. 

. John Pell, 

’ In 4.661 was publifhed in Dutch, a neat piece of Al- 
gebra by Mr. Kincktuyien; which Sir I, Newton, 
while he was profeffor of mathematics at Cambridge, 
made ufe of and improved, and he meant to republifh it, 
with the addition of his method of fluxions and infinite 

~ feries; but he was prevented by the accidental burning of 

‘fome of his papers. 

In 1665 or 1666 Sir Ifaac Newton made feveral of 
his brighteft difcoveries, though they were not publifhed 
till afterwards: fuch as the binomial theorem; the 
‘thethod of fluxions and infinite feries; the quadrature, 
reGtification, &c of curves; to find the roots of all 
forts of equations, both numeral and literal, in infi- 
nite converging feries ;_ the reverfion of feries, &c. Of 
each of which a particular account may be feen in their 
proper articles. 

In 1666 M. Frenicle gave feveral curious traéts con- 
cerning combinations, magic fquares, triangular num- 

* bers, &c; which were printed in the early volumes of 
Memoirs of the Academy of Sciences. : 

. In 1668 Thomas Brancker publifhed a tranflation of 
Rhonius’s Algebra, with many additions by Dr. John 
Pell, who ufed a peculiar method of regiftering the 
fteps in any algebraical procefs, by means of marks and 
abbreviations in a fmalk column drawn dewn the mar- 
gin, by which each line, or ftep, is clearly explained, 
as was before done by Harriot in words at length. 

In 1668 Mercator publifhed his Logarithmotechnia, 
or method of conftruéting logarithms; in which he 
gives the quadrature. of the hyperbola, by means of 
an infinite {eries of algebraical terms, found by dividing 
a fimple algebraic quantity by a compound one, and 
for the firft time that this operation was given to the 
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public, though Newton had before that expanded all forts 
of compound algebraical quantities into infinite feries, . 

In the fame year was publithed James Gregory’s Ex- 
ercitationes Geometric, containing, among gther things, 
a demonftration of Mercator’s quadrature of the hy- 
perbola, by the fame feries, 

And in the fame year was publifhed, inthe Philofo- 
phical Tranfa@tions, Lord Brouncker’s quadrature of 
tht hyperbola by another infinite ferics of fimple rational 
terms, which he had been in poffeffion of fince the year 
1657, when it was announced to the public by Dr. 
Wallis. Yord Brouncker’s feries for the quadrature of 
the circle, had been publithed by Wallis in hig Arithmetic 
of Infinites. - 5. Je 

In 1669 Dr. Ifaac Barrow publifhed his Optical ind 
Geometrical Leétures, abounding with profound re- 
fearches on the dimenfions and properties of curve lines; 
but partidularly to be noticed here for his method of 
tangents, by a mode of calculation fimilar to that of 
Fluxions, or Increments, from which thefe differ but 
little, except in the notation, 

In 1673 was publithed, in 2 vols. folio, Elements of Al 
gebra, by John Kerfey ; a very ample and complete work, 
in which Diophantus’s problems are fully explained. 

In 1675 were publithed Nouveaux Elemens des Ma- 
thematiques, par.J. Preftet, prétre : a prolix and tedious 
work, which he prefumptuoufly dedicated to God Al- 
mighty. 

About 1677 Leibnitz difcovered his Methodus Diffir- 
rentialis, ox elfe made a variation in Newton’s Fluxions, 
or an extention of Barrow’s method, for it is not certain 
which. He gave the firft inftance of it in the Leiptic 
As foy the year 1684. He alfo improved infinite fe- 
ries, and gave a fimple one for the quadrature of the cir= 
cle, in the fame acts for 1682. : 

In 1682 Ifmael Bulliald publithed, in folio, his Opus 
Novum ad Arithmeticam Vnfeitocia, being a large am- 
plification of Wallis’s Arithmetic of Infinites. 

In 1683 Tfchirnaufen gave a memoir, in the Leipfic 
A&s, concerning the extraétion of the roots of all equa 
tions in a general way; in which he promifed too much, 
as the method did not fucceed. 

In 1684 came out, in Englifh and Latin, qto, Tho- 
mas Bakew’s Geometrical Key, or Gate of Equations Un~ 
Jock’'d;_ being an improvement of Defcartes’s conftruc« 
tion of all equations under the sth degree, by means 
of a circle and only one and the fame parabola for all 
equations, ufing any diameter inftead of the axis of the 
parabola. 

Tn 1685 was publithed, in folio, Wallis’s Treatife of 
Algebra, both Hiftorical and Pradical, with the addition 
of feveral other pieces ; fhewing the origin, progrefs, 
and advancement of that {cience, from time to time. It 
cannot be denied that, inthis work, Wallis has fhewn 
too much partiality to the Algebra of Harriot. Yet, 
on the other hand, it is as true, that M. de Gua, in his 
account of it, in the Memoirs of the Academy of Sci- 
ences for 1741, has run at leaft as far into the fame 
extreme on the contrary fide, with refpe€t to the dif- 
coveries of Vieta; and both thefe I believe from the 
fame caufe, namely, the want of examining the works 
of all former writers on Algebra, and {pecifying their 
feveral difcoveries; as has been done in the courfe of 
this article, 


In 
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Ta 1687 Dr. Halley gave, “in the Philof. Trant. the 
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In 1699 Hyac. Chriftopher publithed at Nuplee, in 


¢onftruGtion | of cubic and biquadratic equations, by a eo De confirudione equationum. 


“parabola and circle; with improvements on what had 
gen done by Detcartes, Baker, &c. 
fame Tranfactione, a memoir on the number of the roots 


Alfo, in the 


of equations, with their limits and figns, - 

In‘ 1690 was publifhed, in 4to, by M. Rolle, Traié 
a’ dlsébreg in 1699 Une Methode pour la Refriation des 
Proflemes indeterinings ; and in weog Memoires jar Péia- 
werfe des tangents ; and other pieces. 

- In 1690 Jofe hi Raphfon publifhed Analifis quae 
tionum Univerfabe 7 being a general method of approx- 
imating to:the roots of equations in numbers. And in 
azts be (the Hifery of Fluxions, both in 


“En pith ade’ Latin. 


In’ 1596 was alfo publithed, in 4 vols 4to, Dechale’s 
Curfus few mundus mathematicus ; in which is a piece of 
algebra, of a very old-fafhioned fort, confidering the 
time when it was written. 

About 1692, and at different times afterwards, De 
Lagny publithed many pieces on the refolution of equa- 
tions in numbers, with many theorems and rules for 
that purpofe. 4 
~ In 1693 was publifhed, ina neat little volume, Synop- 
fis Algebraica, opus pafpthunum Fobannis Alexandria 
| Jn 1694, Dr. Halley gave, in the Philof. Tranf, an 
ingenious traét on the numeral extraétion of all roots, 
without any previous reduction. And this tract is alfo 
added to fome editions of Newton’s Univerfal Arith- 
metic. 

In 1695 Mr. John Ward, of Chefter, pablifhed, in 

vo, 4 Compendium of Algcbra, containing plain, cafy, 
and concife rules, with examples in an eafy and clear 
way, And in 1706-he publifhed the firft edition of his 

Young Mathematician’s Guide, or'a plain and eafy in- 
trodution to the mathematics: a book whjch is ftill 
in great requeft, efpecially with beginners, and which 
a ey ever fince the ordinary introduction of the great~ 
elk part of the mathematicians of this country. 

. fe 1696 the Marquis de 1’ Hopital publithed his Ana- 
Fyfe des infiniment petits. And gave feveral papers to the 
Leipfic Aéts and the Memoires of the Academy of Sci- 
ences. He left behind him alfo an ingenious treatife, 
which was publifhed in 1707, intitled Traité analytique 
des SeGinns Coniques, et de la confirudlion des lieux geo- 
ametriques. 

In 1697, and feveral other years, Mr. Ab. Demoivre 
gave various papers, in the Philof. Tranf, containing 
improvements in Algebra: viz. in 1697, A method of 
railing an infinite multinomial to any power, or extradct- 
ing any-root ofthe fame. In 1698, The extra&ion of 
the root of an infinite equation. In 1707, Analytical 
folution of certain equations of the 3d, 5th, 7th, &c de- 

ee. In 1722, Of algebraic fractions and recurring 
feries. In 1738, The reduétion of radicals into. more 
fimple forms. Alfo in 1739, he publifhed MJifcellanea 
analytica de feriebus SF quadraturis, containing great im- 
provements in feries, &c. 

In 169 , Mr. Richard Sault publithed, in 4to, 4 
New Treatife of Algebra, apply’d to riumeral queftions and 


; geometry. With a converging feries for all manner of 
The fertes here alluded to, is Mr. 


Adfetted Equations. 
Raphfon’s method of approximation, which had been 
lately publithed. 


= In 1702 was publifhed Ozanam’s Algebra; which is 
‘chiefly remarkable for the Diophantine analyfis. He had 
publifhed his mathematical di€tionary in 16g1, and in 
1093 his courfe of mathematics, in 5 vols 8vo, contain- 
ing alfo a piece of are . 

In 1704, Dr. John Harris publithed his Lexicon 
Technicum, the fir ditionary of .arts and fciences: 2 
very plain and ufeful book, efpecially in the mathema- 
tical articles, And in 1705 a neat little piece on alge- 
bra and fluxions. 

In 1705 M. Guifnée publithed, in gto, his Application 
de Palcebre a la geometric: a ufeful book, 

In 1706 Mr. William Jones publithed his Synapfs 
Palmariorum Mathefeos, or a new introduétion to the 
mathematics: a very ufeful compendium in the mathe- 
matical {ciences. And in 1711 he publifhed, in gto, a 
collection of Sir Ifaac Newton's papers, intitled na- 
Iyfis per quantitatum feries, Sluxiones, ac differentias : cum 
enumeratione linearum tertii ordinis. 

In 1707 was publifhed 4 Mr. Whitton, the firft edition 
of Sir [faac Newton's Arithmetica Univerfalis: five de com- 
pyitione et refolutione arithmetica liber : and many editions 
have been publithed fince, This work was the text book 
ufed by our great author in his lectures, while he was 
profeifor of mathematics in the univerfity of Cambridge, 
And although it was never intended for publication, it 
contains many and great improvements in analytics; par~ 
ticularly in the nature and tranfmutation of equations ; 
the limite of the roots of equations; the number of 
impoffible roots; the invention of divifors, both {urd 
and rational; the refolution of problems, arithmetical 
and geometrical; the linear conflruétion of equations; 
approximating to the roots of all equations, &c. To 
the later. editions of the book is commonly fubjoined 
Ds. Halley’s method of finding the roots of equations. 
As the principal parts of this work are not adapted to 
the circumftance of beginners, there have been publithed 
commentdties upon it by feveral perfons, as s’Grave- 
fande, Caftilion, Wilder, &c. . 

In 1708 M. Reyneau publifhed his Analy/e Demontrée, 
in2volagto. And-in1714 Le Science du Calcul, &e. 

In 1709 was publifhed an Englifh tranflation of Alex- 
ander’s algebra. With an ingenious appendix by Hum- 
phry Ditton. : " : 

In 1715 Dr. Brooke Taylor publifhed his Methodus 
Incrementorum : an ingenious and learned work. And 
in the Philof. Tranf. for 1718, An improvement of the 
method of approximating to the roots of equations in 
numbers. 

In 1717 M. Nicole gave, in the memoirs of the aca+ 
demy of {ciences, a traé&t on the calculation of finite 
differences. And in feveral following years,.he gave 
various other tras on the fame fubjeét, and off ‘the. re- 
folution of equations of the 3d degree, and particularly 
on the irreducible cafe in cubic equations, 

Alfo in 1717 was publithed a treatife on Algebra by 
Philip Ronayne. is eRe, 

Alfo in 1717 Mr. James Sterling publithed Linea tertii 


_ Ordinis ; an ingenious work, containing good improve-, 


ments in analytics. Alfo in 1730 Methodus Differenti- 

alis: five tra@atus de fummatione et interpolatione fericrum 

infiaitarum ; with great improvements on infinite feries. 
. la 


Pe ca 


: In1726 and 1729 Maclaurin gave, in the Philof. 
Traof. tracts on the imaginary roots of equations. 
And afterwards was publithed, from his pofthumous 
papers, his treatife on Algebra, with its application 

- to curve lines, % 

- * In 1727 came out s’Gravefande’s Algebra;. with a 
fpecimen of a commentary on Newton's univerfal 
arithmetic. 

In 1728 Mr, Campbell gave, in the Philof. Tranf. 
an ingenious paper on the number of impofiible roots of 

_ equations. 

In 3732 was publifhed Wolfius’s Algebra, in his 
courfe of mathematics, in 5 vols. 4to. 

In 1735 Mr. John Kirkby publithed his arithmetic 
and algebra. And in 1748 his do@trine of ultimators, 
_ In1740 were publithed Mr. Thomas Simpfon’s Ef. 
fays ; in 1743 his Differtations, and in 1757 his Cratts; 
in all which are contained feveral improvements in feries 
and other parts of Algebra. As alfo in his algebra, firft 
printed in 1745, and in his Seleé&t Exercifes, in 1752, 

Alfo in 1740 was publifhed profeffor Saunderfon’s 
Elements of Algebra, in 2 vols. 4to. 

In 741 M. ii la Caille publithed /egons de mathema+ 
tiques 5 ou elemens d'algebre & de geomatrie. 

Alfo in 1741, in the memoirs of the academy of {ci- 
ences, were given two articles by M. de Gua, on the 
number of pofitive, negative, and imaginary roots of 
equations, With an hiftorical account of the improve- 

.- ments in Algebra; in which he feverely cenfures Wal- 
lis for his partiality ; a circumftance in witich he himfelf 
is not lef faulty. . 

In 1746 M. Clairaut published his Elemens d’algebre, 
in which are contained feveral improvements, efpecially 
onthe irreducible cafe in cubic equations, He has alfo 

. feveral good papers on different parts of analytics, in 
the memoirs of the academy of {ciences, 

In 1747 M. Fontaine gave, in the memoirs of the 
academy of fciences, a paper on the refolution of equa- 
tions, Befides fome analytical papers in the memoirs of 
other years. 

In 1761 M. Caftillion publithed, in 2 vols 4to, New- 
ton’s univerfal arithmetic, with a large commentary. 

In 1763 Mr. Emerfon publithed his Increments. In 
1764 his Algebra, &c. 

In 1764 Mr. Landen publifhed his Refidual Analyfis, 
Jn 1765 his Mathematical Lucubrations, And in 1780 
his Mathematical Memoirs. All containing good im- 
provements in infinite feries, &c. 

In 1770 was publifhed, in the German language, Ele- 
ments of Algebra by M. Euler, And in 1774 a French 
tranflation of the fame. The memoirs of the Berlin and 
Peterfburgh academies alfe abound with various im- 
provements on feries and other branches of analyfis by 
this great man, : 

In 1775 was publithed at Bologna, in 2 vols 4to, 
Compendio a? dnalifi di Girelamo Saladini. . 


Befides the foregoing, there have been many other 


authors who have given-treatifes on Algebra, or who 
have made improvements on feries and other parts of 
Algebra; as Schoneras, Coignet, aoe Laloubere, 
Hemifchius, Degraave, Mefcher, Henifchius, Roterval, 
the Bernoullis, Malbranche, Agnefi, Wells, Dodfon, 
- Manfredi, Regnault, Rowning, Maferes, Waring, Lerg- 
Vou. L- 
¥ 


. . 
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na, de la Grange, de In Place, Bertrand, Kubnius’ 
Hales, and many others. 

ALGEBRA, xumeral, is that which is thiefly con- 
cerned in the folution of numeral problems, and in 
which all the given quantities are exprefled by numbers 
only. As ufed by the more early authors, Diophantus, 
Paciolus, Stifelins, &c. 

ALGEBRA, /pecious, or Eteral, is that commonly fed. 
by che moderns, in which all the quantities, both known 
and unknown, are reprefented or expreffed by {pecies or 
general charaéters, as the letters of the alphabet, 6c 5 
in confequence of which general’ defignatjon, ‘all the 
conclufions become’ univerfal theorems for perfortiing 
every operation of the like kind, There are {pecimens 
of this method from Cardan and others about his time, 
be it-wag more generally employed and introduced by 

ieta, 

Avcesraicat, fomething relating to algebra. 

Thus we fay algebraical folutions, curves, characters 
or fymbols, &c. 

ALGEBRAICAL Curve, is acurvein which the gene+ 
ra} relation between the abiciffes and ordinates can be 
expreffed by a common algebraical equation. 

Thefe are alfocalled geometrical lines or curves, in con- 
tradiftinGion to mechanical or tranftendental ones. 

ALGEBRAIST, a perfon tkilled in algebra. 

ALGENEB, or Aucewis, a fixed flar of the fecond 
magnitude, on the right fide of Perfeus. 

LGOL, or Medu/a’s Head, a fixed ftar of the third 
magnitude, in the conftellation Perfeus. 

LGORAB, a fixed flar of the third magnitude, in 
the right wing of the conftellation Corvus, : 

ALGORISM, or Atcoatrum, is fimilar to logif- 
tics, fignifying the art of computing in any particular 
way, or about fome particular fubje€t; or the common 
rales of computing in any art, As the algorithm of num= 
bers, of algebra, of integers, of fra@tions, of furds, &c ; 
teaning the common rules for performing the opera- 
tions of arithmetic, or algebra, or fra€tions, &c. 

ALHAZEN, Atuacen, or AsDILAZUM, was2 
learned Arabian, who lived in’ Spain about the year 
100, according to his editor Rifner, and Weidler. 
He wrote upon Aftrology ; and his work upon Op- 
tics was printed, in Latin, at Bafil, in 1572, under 
the title of Optice Thefaurus, by Rifner. Alhazen 
was the firft who thewed the importance of refrations 
in aflronomy, fo little known to.the ancients. He is alfo 
the firft author who has treated on the twilight, apon 
which he wrote a work, in which he alfo {peaks of the 
height of the clouds. : 

ALIDADE, an Arabic name for the label, index, 
or ruler, which is moveable about the centre of an. 
aftrolabe, quadrant, &c, and carrying the fights or te- 
lefcope, and by which are fhewn the degrees cut off 
the limb or arch of the inftrament. : 

ALIQUANT arr, is that part which will not ex- 
attly meafure or divide the whole, without leaving fome 


semainder. Or the aliguant part is fuch, as being taken 


or repeated any number of times, does not make up the 
whole exadily, bat is either, greater or lef than it, 


- Thus 4 is an aliquant part of 10; for 4 twice taken 


makes 8 which is lefs than 10, and three*times taken 
makes 12 which is greater than 10. 


oa. ALIQUOT 


ey ses 


LIQUOT part, is fuch a part of any whole, as 
- Will exaétly meafure it without any remainder. Or the 
qlique‘ part is'fach, as being takenor repeated a certain: 
number of times, exaétly makes up, or is equal to the 
whole. So 13s an aliquot part of 6, orofany other whole 
number ; 2 is al(o.an aliquot part of 6, being contained 
juft 3 times in 6} and 3 is alfo an aliquot part of 6, 
being coutained jut 2 times: fo that all the aliquot 
rts-of 6 are 1, 2, 3- 

_” All the aliquot parts of any namber may be thus foand: 
Divide the given number by its lealt divifor ; then di- 
vide the quotient alfo by its leaft'divifor ; and fo on al- 
Wways-dividing the laft quotient by its teat divifor, till 
the quatient 1 is obtained; and all the -divifors, ‘thus 
taken; are the prime aliquot parts of the given number. 
‘Then multiply continually together thefe prime divifors, 
viz. every two of them, every three of them, every four 
of them, &c; and the-produas wiil be the other or com- 

. pound aliquot parts of the given number. So if the 
‘liquot parts of 60 be required ; firtt divide it by 2, and 
tHe quotientis 30: then 30 divided by-2 alfo, gives 15, 

“aos divided by 3 gives 5, and 5 divided by 5 gives1: 

fo'that all the prime divifors or aliquot parts are 1, 2,2, 
3.5+ ‘Then the compoand ones, by multiplying every 
two, are 4,6, 10, 153 and every three 10, 20, 30. Sa 
that all the aliquot parts of the given number 60, are 1, 
2, 4s. 415, 0) VO, 125 Th 20, 30.—In like manner it 
will be found that all the aliguer parts of z6a.are 1, 2, 
4s 4 $> 6» 8s Yr IOs 125152 18, 3, 24s 30% 363.409 

45, 60, 72, 180. 4 

ALLEN (Twomas) 3 celebrated mathematician of 
the 16th century. He was born at Uttoxeter in Staf- 
fordihire, in 15423 was-admitted a fcholar of Trinity 
college, Oxford, in 1561.3 where he took his degree of 
matter of artyin.1567. In 1570 he quitted aaa 
and fellowMhip, and retired to Glocefter hall, where he 
ftudied very clofely, and became famous for his know~- 

dge in- antiquity, philofophy and mathematics. He 
received an invitation from Henry earl of Northumber- 
land, a great friend and patron of the mathematicians, 
and he fpent fome time at the earl’s houfe ; where he be- 
éime acquainted with thofe celebrated mathematicians 
Thomas Harriot, John Dee, Walter Warner, and Na- 
thaniel Torpeortey. Robert earl of Leicefter, too, had 
a-great efteem for Allen, ‘antt would have conferred a 
bifhopric upon him; but’ his Tove for folitude and re- 
tirement made him decline the offer. His great fkill in 
the mathematics gave occafion to the ignorant and vul- 
gar to look upon him asa magieian orconjurer. Allen 
ywas.very curious and indefatigable in collecting feattered 
manifcripts relating to hiftory, antiquity, aftronomy, 
philofophy, and mathematics: which collections have 
been quoted by feveral learned authors, and mentioned 
as in the Bibliotheca Alleniana. He publifhed in Latin 
the fécond and third books of Ptolemy, Concerning the 
Judgment of the Stars, OF, as it is ufvally called, of the, 

“quadripartite confiruckions with an expofition. He wrote 
aifo notes on many of Lilly’s books, and fome.on John 
Bale’s work, De feriptoribus Maj. Britannia. He died 
at Glocetter hatl in 1632, being 9e years of age. 

Mr. Burton, the auchor of his funeral oration, calls 

‘him the very foul and fun of all the mathematicians of his 






age. ‘And Selden mentions him as a perfon of the mot: 


__ extenfivelearning and confummate judgment, the bright- 


toed 


ALL 
eft ornament of the univerfity of Oxford. Alfo Camden 
fays he was killed in moft of the belt arts and fciences. 

A. Wood has alfo tranfcribed part of his charaéter from 
a manufcript in the library of Trinity college, in thefe 
words; «« He ftudied polite literature with great appli- 
cation; he was ftriétly tenacious of academic diicipline, 
always highly elteemed both by foreigners and thofe of 
the univerfity, and by all of the higheft flations in the 
church of England, and the univerficy of Oxford. He 
was a fagacious obferver, an agreeable companion, &c.”” 

‘ALLIGATION, one of the roles in arithmetic, by 
which are refolved queftions which relate to the come 
pounding or mixing together of divers fimples or ingre- 
dients, ‘being fo called from alligare, to ve or conned 
together, probably from certaia vincula, or crooked 
ligaturcs, commonly ufed to conneét or bind the 
numbers together. 

It is probable that this rule came to ns from the 
Moorifh or Arabic writers, as we find it, with all the 
other roles of arithmetic, in Lucas de Burgo, and the 
other early authors in Rurope. 

Alligation is of two kinds, medial and alternate. 

ALLIGATION medial is the method of finding the 
rate or quality of the compofition, from having given 
the rates and quantities of the fimples or ingredients. 

_ The rule of operation is this: multiply each quan- 
tity by its rate, and add all the produéts togethers 
then divide the fum-of the products by the fum of the 
quantities, or whole compound, and the quotient will 
be the rate fofight. - : 

For exampl@Suppofe it were required to mix together 
6 gallons of-wime, worth 5s. a gallon ; 8 gallons, worth 
6s, the gallon; and 4 gallons, worth $s, the gallon; and 
to find the worth or value, per gailon, of the whole 


mixture. 
_ Gal. 8. products. 
Here ©. mult. by 5 gives 30 
8 - by6 - 48 
4 - by8 - 32 





whole comp. 18 110 fum of prod. 
Then 18) ue ( 62,-or-63s. is the rate fought, 
108. 


2 

ALLicAtioN akernate is the method of finding the 
quantities of ingredients or fimples, neceflary to form 
a compound of a given rate. 

The rule of operation is this: 1, Place the given 
rates of the fimples in a column, under each other; 
noting which rates are lefs, and which are greater than 
the propofed compound. 2d, Conneét or link with a 
crooked line, each rate which is lefs than the propofed 
compound rate, with one or any number of thofe which 
are greater than the fame; and every greater rave with 
one or any number of the lefs ones. 34, Take the differ- 
ence between the given compound rate and that of each 
fimple rate, and fet this difference oppofite every rate 
with which that one is linked. 4th, Then if only one 
sifference ftand oppofite any rate, it will be the quan- 
tity belonging to that rate; but when there are feveral 
differences to any one, take their fum for its quantity. 

For example, Suppofe it were required to mix to- 
gether gold of various degrees of finenefs, viz. of 19, 

i of 


ALM 


pf-2,. and of 23 caraéts fine, fo that the mixtare fhall 
“be@&20 caragts fine. Hence, 


Rates Diffs. Sum of Diffs. 
Zij---8 1 of 21 carats fine, 
* Gomp. rate 204 19, - - - 1-434 4 of 19 caratts fine, 
e 2Bi--- 8 1 of 23 caraéts fine. 







‘hat is, there muft be an equal quantity of z1 and 23 
aracts fine, and 4 times as much of 1 caraéts fine. 
Various limitations, both of the.compound and the 
‘ingredients, may be conceived ; and in fech cafes, the 
yafferences are to be altered proportionally. 
_ Queftions of this fort 2re however commonly betand 
; gafielt refolved hy common Algebra, of which they form 
“-g fpecies of indeterminate problems, as they admit of 
‘many, or an indefinite number of anfwers. 
2. There is recorded a remarkable inftance of a difco- 
“very made by Archimedes, both by alligation and fpe- 
»' ¢ifc gravity at the fame time, namely, concerning the 
* ¢rown of Hiero, king of Syracufe. The king had 
«ordered a crown to be made of pure gold, but when 
® brought to him, a fufpicion arofe that it was mixed with 
alloy of either filver or copper, and the king recom- 
mended it to Archimedes to difcover the cheat without 
- defacing the crown. Archimedes, after long thinking 
on the matter, without lighting on the means of doin: 
it, being one day in the bath, and obferving how his 
body raifed the water higher, conceived the idea that 
different metals of the fame weight would occupy dif- 
ferent (paces, and fo raife or expel different quantities 
' of water, Upon which he procured two other mafles, 
each of the fame weight with the crown, the one of 
pure gold, and the other of alloy; then immerfing 
themall three, feparately, in water, and obferving the 
fpace each occupied, by the quantity it raifed the water, 
he from thence computed the quantities of gold and 
alloy contained in the crown, 
ALLIOTH, a ftar in the tail of the great bear. 





The word in Arabic denotes a horfe; and they gave. 


this name to each of the three ftars, in the tail of the 
great bear, as they are placed like three horfes, thus 
arranged for the purpofe of drawing the waggon com- 
monly cailed Charles's wain, reprefented by the four 
flars on the body of the fame conitellation. 

ALMACANTAR. Sec ALMUCANTAR. 

ALMAGEST, the name of a celebrated book 
eompofed by Ptolemy} being a collection of a great 
number of the obfervations and problems of the ancients, 
relating to geometry and aftronomy, but efpecially the 
latter. And beiag the firft work of this kind which 
has come down to us, and containing a catalogue of the 
fixed ftars, with their places, befide numerous records 
and obfervations of eclipfes, the motions of the planets, 
&c, this work will ever be held dear and valuable to 
the cultivators of aftronomy. 

In the original Greek itis called cmtadis peyicn, the 
great compofirion or collection. And to the word peyrn, 
megifie, the Arabians joined the particle a/, and thence 
cailed it dimaghefi, or, as we call it, from them, the 
Almagett. . 

Ptolemy was born about the yéar of Chrift 69, and 
died in 147, and wrote this work, confifting of 13 books, 
at Alexandria in Egypt, where the Arabians found it 
on the capture of that kingdom. It was by them 
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tranflated out of Greek, into Arabic, by order of ths 


. caliph Almaimon, about the year 827; and firft into 


Latin about 1230, by favour of the emperor Frederic IL, 
The Greek text however was not knewn in Europe till 
about the beginning of the rgth century, when it was 
brought from Conftantinople, then taken by the Turks, 
by George, a monk of Trabezond, who tranflated it into 
Latin, which tranflation has feveral times been pub- 
lied. 

Riccioli, an Italian jefuit, alfo publithed, in 1651, @ 
body of Aflronomy, which, in imitation of Ptolemy, he 
called Almagifum Novum, the New Almageft ; being & 
large colteétion of ancient and modern obfervations and 
difcoveries, in the fcience of Aftronomy. é 

ALMAMON, caliph of Bagdat, a philofopher and 
aftronomer in the beginning of the gth century, he 
having afcended the throne in the year 814, He’ was 
fon of Harun Al-Rafhid, and grand-fon of Almanfor. 
His name is otkerwife written Mamon, Almaon, Alma 
min, Alamoun, or Al-Maimon. Waving been educated 
with great care and with a love for the liberal fciences, ° 
he applied himfelf to cultivate and encourage them in his 
own country. For this purpofe he requetted the Greek: 
emperors to fupply him with fuch books on philofopty 
as they had among them; and he colletted fkilful in- 
terpreters to tranflate them into the Arabic jeeeeegs 
He alfo encouraged his fabje€ts to ftudy them; fre- 
quenting the meetings of the learned, and affiiting at 
their exercifes and deliberations. Hecaufed Ptolemy’s 
Almageft to be tranflated in 827, by Mfaac Ben-honain, 
and Thabet Ben-korah, according to Herbelot, but ac- 
cording to others by Sergius, and Alhazen, the fon of 
Jofeph. In his reign, and doubtlefs by his encourage~ 
ment, an aftronomer of Bagdat, named Habath, com- 
pofed three fets of aftronomical tables, 5 

Abnamon himfelf made many aftronomical obferva- 
tions, and determined the obliquity of the ecliptic to be 
then 23° 35 (or 23° 33/ in fome manuferipts), but 
Vofitus fays 23° 51’ or 23° 34°. He alfa caufed fkil- 
ful obfervers to procure proper inftrumenta to be made, 
and to exercife themfelves in aftronomical obfervations ; 
which they did accordingly at Shemafi in the province 
of Bagdat, and upon Mount Cafius near Damas. 

Under the aufpices of Mamon alfo a degree of the 
meridian was imeafured on the plains of Sinjar or Sind- 
giar (or according to fome Fingar), upon the borders of 
the Red Sea; by which the degree was found to con- 
tain 563 miles, of 4009 coudees each, the coudee being 
a foot anda half: but it is not known what foot is here 
meant, whether the Roman, the Alexandrian, or fome 
other. Riccioli. makes this meafure of the degree 
amount to 81 ancient Roman miles, which value anfwers 
to 62046 French toifes; a quantity more than the true 
value of the degree by almoft one-third. 

Finally, Mamon revived the fciences in the Eaft to 
fach a degree, that many learned men were found, not 
only in his own time, but after him, ina country where 
the ftudy of the fciences had been long forgotten.” This 
learned king died near Tarfus in Cilicia, bydaving eaten 
too freely of fome dates, on his return froma military 
expedition, in the year 833. 

ALMANAC, a calendar or table, in which are fet 


down and marked the days and feafts of the year, the 


of 


commen ecclefieftical notes, the courfe and phales 
. the 


Oz 
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the moon, &c, for each month: and anfwers to the 
Safi of the ancient Romans. 
The etymology of the word is much controverted 
* among. grammarians,—Some_derive it frem the Arabic, 
viz, from the particle, a/, and manah, to count. While 
Scaliger, and others, derive it from the fame al, and the 
Greek paraxn, the courfe of the months. But Golius 
controverts thefe opinions, and afcribes the word to 
another origin, though he ftill makes it of Arabic extract, 
which it more evidently is. He fays that, in the Kat 
it is the cuftom for the peeple, at the beginning of the 
year, to make prefents to their princes ; and that, among 
_ the reft, the aftrologers prefent them with their alma- 
nacs, or ephemerides, for the year enfuing; whence 
thefe came to be called almanba, that is, new-year’s 
gifts. But this derivation feems rather ftrained and 
improbable ; for, by the fame rule, the gifts or preduc- 
tions of other artifts, or claffes of men, might alfo be 
“enlled almanacs. There are other gueffes at the ety- 
_ mology and Verftegan writes the word almonac, and 
qnakes it of German original. @urancettors, he ob- 
ferves, ufed to carve the courfes of the moon, for the 
whole year, upon a fquare piece of wood, which they 
called al-monaght, which is as much as to fay, in ald 
Englith or Saxon, all-moon-heed. 

‘Almanacs are of various kinds and compofition, fome 
‘books, others fheets, &c, fome annual, others perpetual. 
"The effential part is the calendar of months; weeks, and 
‘days; the metions, changes, h 
with the rifing and fetting of the fan and moon. To 
thefe are commonly added various matters, aftronomical, 
aftrological, chronological, meteorolegical, and even 
political, rural, medical, &c; as alfo eclipfes, folar in- 
greffes, afpedts, and configurations of the heavenly bodies, 
Tunations, heliocentric and geocentric motions of the 
planets, prognoftications of the weather, and prediGiions 
of otherevents, the tides, twilight, equation of time, &c. 
‘TH about the 4th century, ‘almanacs bore the marks 
‘of heathenifm only; from thence to the 7th century, 
they. were a mixture of-heathenifm and. chritianity ; 
and ever fince they have been altogether chriftian : bat 
at all times, aftrological and other predictions have been 
confidered as an effential part, and ftill are fo to this day 
with feveral ef them, notwithftanding that molt people 
affed? to difbelieve in fuch predictions. 

Nautical ALMANAC, and Afroxomical Epbemeris, isa 


kind of national almanac, chiefly for nautical purpofes, © 


which was begun in the year 1767 ander the dire@ion 
of the Board of Longitude, on the recommendation of 
the frefent worthy Aftronomer Royal, whé, has the 
Jmmedinte condudting of it. It is ftill publithed by an- 
ticipation for feveral years before hand,. for the con- 
yenience of fhips going out upon long veyages, for 
which it is highly ufeful, and was found eminently foin 
the courle of the late voyages round the world for 
making difcoveries. , Befides moft things effential to 
general ufe, that are to be found in other almanacs, it 

-gontains many new and important particulars; more 
efpecially, the diftances of the moon from the fun and 
fixed flars, which are computed for the meridian of the 
Royal Obfervatory of Greenwich, and fet down to every 
three hours of time, exprefsly defigned for computing 
the longitude at fea, by comparing thefe with the like 
diftances obferved there, ‘ 


’ 
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and phafes of the moon ; - 


ALP 
ALMANAR, in the Arabian aftrology, denotes the 


te-eminence or prevalence of one planet over another: 

-ALMUCANTARS, AtmacasTsrRs, OF ALMI- 
cantars, from the Arabic almocantharat, are circles 
parallel to the horizon, conceived to pafs through every 
degree of the meridian ; ferving to fhew the height of 
the fan, moon, or ftars, &c3; and are the fame as the 
parallels of altitude. ad 

AMucanTar-Stag, was an inftrament formerly 
ufed at fea to obferve the fun’s amplitude at rifing or 
fetting, and thence to determine the variation of the 
compats, &e. _ The inftrument had an arch of 15 de- 

rees, made of fome fmooth wood. 

ALPHONSINE ables, are aftronomical tables 
compiled by order of Alphonfus, king of Caitile. In 
the compiling of thefe it is thought that prince himfelf 
afiited. See Afrenomical tables. 

ALPHONSUS the 10th, king of Leon and Cattile, 
who has been furnamed The Wife, on account of his at- 
tachment to literature, and is now more celebrated for 
having been an aftronomer than a king. He was born 
in 12033; fucceeded his father Ferdinand the 3d, in 
1252; and died in 1284, confequently at the age of 8r. 

The affairs of the reign of Alphonfus were very 
extraordinary and unfortunate for him. But we fhall 
here only confider him in that part of his charafer, on 
account of which he has a place in this work, namely, 
as an aftronomer and man of letters. He underftood 
aftronomy, philofophy, and hiftory, as if he had been 
only a man of letters; and compofed books upon the 
motions of the heavens, and on the hiftory o Spain, 
which are highly commended. ‘ What can be more 
furprifing,” fays Mariana, «than thata prince, educated 
in a camp, and handling arms from his childhood, 
fhould have fuch a knowledge of the ftars, of philofo- 
poy and the tranfaGions of the world, as men of 

eifure can fcarcely acquire in their retirements? 
There are extant fome books of Alphonfus on, the 
motions of the ftars, and the hiftury of Spain, written 
with great ikill and incredible care.” In hisaftronomical 
purfuits he difcovered that the iables of Ptolemy were 
fall of errors; and thence he conceived the firtt of any 
the refolution of correcting them. For this purpofe, 
about the year 1240, and during the life of his father, 
he aflembied at Toledo the moft fkilful aftronomers of 
hig time, Chriftians, Moors, or Jews, when a plan was 
formed for conftrudting new tables. ‘This tafk was ae- 
complifhed about 1252, the firft year of his reigns; the 
tables being drawn up chiefly by the fill and pains of 
Rabbi Ifaac Hazana learned Jew, and the work called 
the Alphonfine Tables, in honour of the prince, who was 
at vait expences.concerning them, He fixed the epoch 
of the tables to the 30th of May 3252, being the day 
of his acceflion to the throne. They were printed for 
“the firft time in 1483, at Venice, by Radtolt, who ex- 
celled in printing at that time; an edition extremely 
rare; there are others of 1492, 1521, 1549, &c. 
(Weidler, p. 280). 

We muft not omit a memorable faying of Alphonfus, 
which has been recorded for its boldnefs and_pretended 
impiety 5 namely, ‘* that if he had been of God’s privy 
council when he made the world, he could have advifed 
him better.” Mariana however’ fays only in general, 
that Alphonfus was fo bold as to blame the works of 

. Providence, 


ALT... £ 
- Providence, and the conftrudion of our bodies; and.he 


faysithat this Rory concerning him refted only upon’ @ 
The Jefuit’s words are curious:- 


volgar tradition, 
*s Emanuel, the uncle of Sanchez (the fon of Alphon- 
- fos,), in his own name, and in the name of other nobles, 
‘deprived Al phonfus of his kingdom bya public fentence: 
which that prince merited, for daring feverely and boldly 
. to cenfure the works of divine Providence, and the con- 
fra@ion of the human body, as tradition fays he Wid. 
Heaven moft juftly punithed the folly of his tongue.” 
Though the filence of fach an hiftorian as Mariana, in 
regard to Ptolemy’s fyftem, ought to be of feme weight, 
yet we cannot think it improbable, that if Alphonfus 
did pafs fo bold a cenfure on any part of the univerfe, 
» dit.was on the celeftial {phere, and meant to glance upon 
“the contrivers and fupporters of that fyfiem. For, be- 
fides that he ftudied nothing morc, it is certain that at 
that time aftronomers explained the motions of the 
heavens by intricate and confufed:hypothefes, which did 
no honour to God, nor anywife anfwered the idea of 
an able workman. So that, from confiderine the multi- 
tude of fpheres compofing the fyilem of Ptolemy, and 
thofe numerous eccentric cycles and epicycles with 
which it is embarraffed, if we fuppofe Alphonius to have 
faid, « That if God had afked his advice when he made 
the world, he would have given him better council,” 
the boldnefs and impiety of the cenfure will be greatly 
diminifhed. 
ALSTED (Jonn-Henry), a German proteftant 


divine, and one of the moft indefatigable writers of the: 


i7th century, He was fome time profeffor of philofo- 
phy and divinity at Herborn in the county of Naffau ; 
from thence he went into Tranfilvahia, to be profeffor 
at Alba Julia; where he continued till his death, which 
happened in 1638, being then 50 years of age. He 
applied himfelf chiefly to compofe methods, and to re- 
dgce the feveral branches of arts and {ciences into fyftems, 
His Encyclopedia has been much efteemed even by 
Roman Catholics ; it was. printed at Lyons, and fold 
very well throughout all France. Voffius mentions the 
Encyclopedia in general, but {peaks of his treatife of 
Arithmetic more particularly, and allows the author to 
have been a man of great reading and univerfal erudition. 
His Thefaurus Chronclogicus is by fome eftecmed one 
of his beft works, and -has gone through feveral edi- 
tions, though others {peak of it with contempt. In his 
Triumphus Biblicus Alfted endeavours to prove that 
the materials and principles of all the arts and fciences 
may be found in the fcriptures ; but he gained very few 
to his opinion. John Himmelius wrote a piece again 
his Téeologia Polemica, which was one of Alfted’s bett 
performances. It feems he was a millenarian, having 
publithed, in 1672, a treatife De Mille Annis, in which 
he afferts that the faithful fhall reign with Jefus Chriit 
upon earth a thoufand years; after which will be the 
general refurreétion, and the laft jadgment; and he pre- 
rended that this reign would commence in the year 1694 
ALTERNATE: angles, are the in- 
ternal angles, A and B, or aand } 
made by a line catting two parallel 
lines, and lying on oppofite fides of 
the cutting line. It is the property 
of thefe angles to be always equal to 
“each other, namely the angle A — the 
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angle B, and the col ae = the angle 4. And the ex— 
terior alternate angles aré alfo equal. f 

ALTERNATE Ratio or Proportion, ts the ratio of the 
one antecedent to the other, or- one confequent to 
the-other, In any proportion, in which ‘the quantities 
are of the fame kind. SeifA:B::C:D, 
then alternately, or byalternationA: C ::B:D, 

ALTERNATION, or Permutation,-of quantities or 
things, is the varying or changing the order or pofi- 
tion of them. ‘ : 

As fappofe two things a and 4; thefe may be placed. 
either thus ad or 6a that is two.ways, or1 x 2. If 
there be three things, a, 4, c, then the 3d thing ¢, may. 
be placed three different ways with refpeat-to each of 
the two pofitions ab and 4a of the other two things, 
it may ftand either before them, or between. them, or 
after them both, that is, it may ftand either if, 2d, or 
3d; andtherefore with three things tacre will be three 
times as many changes as with two, thatis1 x 2 % 3 or 
fix changes with three things. Again, if there be four 
things 4, 6, ¢, @; then the fourth thiag d may be 
placed in four different ways with refpect to each of the 
fix pofitions of the other three ; for it may be fet either 
ift or 2d or 3d or 4th in the order of each pofition ; 
confequently from four things there will be four times 
as many alternations as there are from three things 5 
and therefore 1 X 2 X 3 X 4 =='24 is the number of 
changes with four things. And fo on, always multi- 
plying the laf found namber of alternations by the next: 
‘number of things ; or to find the number of changes for, 
any number of things, as z, multiply the feries of natural. 
numbers 1, 2, 3, 45 5, &c, to, Continually together, 
and the laft produét will be the number of alternations 
fought; for X2X%3X 4% 5----2a the number 
of changes in » things. ' 

So if, for example, it were required to find how many 
changes may be rung on 12 bells; it would be ; 
IX2X3ZX4X5xXGOX7XBXQXKIONXWUX12 
= 479001600, the number of changes, Now fuppofing 
there might. be rung 10 changes in one minute, thatas 
10 X12 or 120 flrokes in a minute, or 2 ftrokes in each 
fec ond.of time ; then, according to this rate, it would 
take upwards of 91 years to ring over all thefe changes 
on the 12 bells only. Alfo, ifbut two more bells were 
added, making 14 bells; then, at the fame rate of ringing, 
it would require about 16575 years toring all the changes. 
on 14 bells but onceover. And ifthe number of bells. 
were 24, it would require more than 1170co000900000000 


years to ring all the different changes upon them ! 


ALTIMLTRY, Atriwetrta, the art of taking. 
or meafuring altitudes or heights, whether acceffible or 
inacceffible. Or, 2 . 

Altimetria is the part of praétical Geometry which 
refpects the theory and prattice of meafuring both 
heights and depths, and both in refpeé of perpendi-~ 
cular and oblique lines. 

ALTING (James), was born at Heildelberg in. 
1618. He travelled into England in’ 1640,, where he 
was ordained by the learned Dr. Prideawx, -bihop. of 
Worcefter. He afterwards fucceeded Gomarus. in the 
profeflorfhip of Groninghen. He died in 1697; and 
recommended the edition of his works to Menfo Alting, 
{author of Notitia German. Infer. Antique); but 
they were publifhed in 5 vols. folio,. with: ee 
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Bekker of Amfterdam. They. coxtain various ana- 
lytical, exegetical, practical, problématical, and philo- 
opis! trad’, which fhew bis great induftry and know- 
ledge. : 
RUTITUDE, in Geometry is the third dimenfion of 
body, coofidered with refped to its elevation above the 
round: and is otherwife called its height when mea- 
Jured from bottom to top, or its depth when meafured 
from top to bottom. 

ALTiTuDE of afgure, is the diftance of its vertex 
from the bafe, or the length of a perpendicular let fall 
fr mits vertex to the bale. The altitudes of figures 
ar® ufeful in. computing their areas or folidities, 

Auritupe, or Height of any point of a terreftrial 
objeét, is the perpendicular let fall from that point to the 
plane of the horizon. ' Altitudes are diftinguithed into 
accefible and inacceffible. a 

Accefible ALTITUDE of an objeét, is that whofe bafe 
there is accefs to, to meafure the neareft diftance to it 
on the ground, from any place. . 

Inaccefible ALTITUDE, of an objeét, is that whofe 
bafe there is not free accefs to, by which a diftance 
may be meafured to it, by reafon of fome impediment, 
fgch as water, wood, or the like, 

To meafure or take ALTITUDES. If an altitude can- 
not be meafured by ftretching a ftring from top to bot- 
tom, which is the dire& and moft accurate way, then 
fome indire&t way is ufed, by a@ually meafuring fome 
other Jine or diftance which may ferve as a bafis, in 
conjunction with fome angles, or other proportional 
lines, either to compute, OT geometrically determine, 
the altitude of the objeét fought. 

"There ate various ways of meafuring altitudes, or 
depths, by means of different inflruments, and by tha- 
dows or refleéted images, on optical principles. Vhere 
are alfe various ways of computing the altitude in 
numbers, ftom the meafurements taken as above, either 
by: geometrical conftruction, or uigonometrical calcu- 
lation, or by fimple numerical computation from the 
property of parallel lines, &c. 

. The infiruments moftly ufed in meafuring altitudes, 
_ dre the quadrant, theodolite, geometrical fquare, line 
‘of fhadows, &c. ;the defcriptions of each of which may 
be feen under their refpeive names. . 

To meafure an Acceffible Altitude Geometrically. Thes, 
fuppofe the height of the acceflible tower AB be re- 
quired. Firft, by means of two rods, the one longer 
than the other: plant the longer upright at C3; then 
move the fhorter back from it, ull by trials you find fuch 
a place, D, that the eye placed at the top of it at E, may 
fee the top of the other, F, and the top of the obje@ B 
firaight in a line: next meafure the diftances DA or 
EG and DC or EH, alfo HF the difference between the 
heights of the rods: then, by fimilar triangles, as 1H: 
(AG :: HF; the 4th proportional GB; to which add 
AG or DE, and the {um will be the whole altitude AB 
fought. s 
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_ fide CB; and then in the triangle ABC, 


“REL 


Or, with one rod CF only : plant it at fuch a place 
C, that the eye at the ground, or near it, at I, may fee 
the tops F and B, ina right line: then, having mea- 


 fured 1C, IA, CF, the 4th proportion to thefe will be 


the altitude AB fought. 

Or thus, by means of Shadows. Plaut a rod af at™ 
a, and meafure iis fhadow ac, as alfo the fhadow AC of 
the obje@ AB; then the 4th proportional to ac, ab, AL 
willbe the altitude AB fought. : 


SB 











Fess 
. - A 

Or thus, by means of Optical RefleAion. Place a 
veffel of water, ora mirror or other reflecting furface, 
horizontal at C; and move off from it to fuch a diftance, 
D, that the eye E may fee the image of the top of the 
object in the mirror at C: then, by fimilar figures, CD: 
DE: : CA: AB the altitude fougint. 








D c A 

Or thus, by the Geometrical Square. At any places 
C, fix the Rand, and tarn the fquare about the centre of 
motion, D, till the eye there fee the top of the object 
through the fights or telefcope on the fide DE of the 
quadrant, and note the number of divifions cut off the 
other fide by the plumb line EG: then as EF: £G 
:: DH: HB; to which add AH or CD, for the . 
whole height AB. . 








Fo meafire an Accefible Astitude T'-igonometrically. At 
any co: atftation, C, with a quadrant, theodolite, 





or other graduated inflrument, obferve the angle of 
elevation ACB above the horizontal line AC! and mea- 
fare the diflance AC. ‘hen, A being a right angle, it 
will be, as radius is to the tangent of the. angle A, fo is 
AC to AB fought. 

£ AC be not horizoatal, butan inclined plane; then 
the angle above it muft he obferved at two flationsC and 
D in aright line, and the diitances AC, CD both mea- 
fared. ‘Then, from the angle € take the angle D, and 
there remains the angle CBD ;_ hence in the triangle 
BCD, are-given the angles and the fide DC, to find the 
are given the 
7 two 
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* two fides CA and CB, with the iacladed angle C, to 
fiad the third fide AB. ; 





é a D 


T Or thus, meafure only the diftance AC, and the an- 
gles Aand C: then, in the triangle ABC, are given all 
the angles and the fide AC, to find the fide AB. 

Yo meafure an Inaccepible Altitude, as a hill,- cloud, 
or other objet, This is commonly done, by obferv- 
ing the angle of its altitude at two ftations, and mea- 
faring the diftance between them. ‘Thus, for the height 
AB ofa hill, meafure the diitance CD at the foot of it, 
and obferve the quantity of the two angles C and D. 
Then, from the angle C taking the angle D, leaves the 
angle CBD ; hence 

sfine <CBD: fine <D::CD: CR; and 
As rad. : fine < ACB: : CB: AB the altitude. 





And fora balloon, or cloud, or other moveable obje& 
C, let two obferver at A and B,ina plane with C, take 
at the fame time the angles Aand B, and meafure the 
dittance between them AB; then calculate the altitude 
CD exattly as in the lat example. ~ 





To find the height of an object, by knowing the ut- 
moft diftance at which its top can be juit feen in the ho- 
rizon. As fuppofe the top H of a tower FH can be 
juft een from ! when the diftance EF is 25 miles, fap- 
pofing the circum feience of the earth to be 25000 miles, 
or the radius 3979 miles or 21009120 feet. Firft, as 
25000: 25%: 360°: 21’ 36” equal to the angle G& 
then as radius : fec. 2G : EG : GH, which will be 
found to be 21009536 feet; from which take EG or 
G F, and there remains 416 feet, for FG the height of 
the tower fought.—-Or rather thus, Tocoooco radius : 

+198 = fec. 2G radius .: 21009120 = EG: 416 = 
FH, as before. 

Or the fame may be found eafier thus: The horizon 
dips nearly 8 inches or 3 of a foot at the diftance of t 
male, and according to the fauare of the diftance far 
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other diftances ; therefore as 12 or 1: 25% Or 62ag:2 22 
} of 625 or 4:6 feet, the fame as before, 

There is a very eafy method of taking great terref- 
trial altitudes, fuch as mountains &c, by means of the 
difference between the heights of the barometer ob- 
ferved at the bottom and top of the fame. Which fee 
under the article BaRoMETER, 

Auritupe of the Eye, in Perfefive, isa right line 
let fall from the eye, perpendicular to the geometrical 
plane. 

Aurirupe, in Afronomy, is the arch of a vertical 
circle, meafuring the height of the fun, moon, flar, or 
other celeftial objet, above the horizon, 

This altitude may be either true or apparent. The 
apparent altitude is that which appears by fenfible ob- 
fervationg made at any place on the furface of the earth. 
And the tree altitude is that which refults by correcting 
the apparent, on account of refraétion and parallax. 

‘the quantity of the refraétion is different at different 
altitudes; and the quantity of the parallax is different 
according to the diftance of the different luminaries : in 
the fixed ftars this is too fmall ta be obferved ; in the 
fun it is but about 8% feconds; but in the moon it is 
about 52 minutes. 

Altitudes are obferved by a quadrant, or fextant, or 
by the thadow of a gnomon or high pole, and by va- 
rious other ways, as may be feen in moft books of aftro- 
nomy. 

Meridian Au titupe, is an arch of the meridian in- 
tercepted between any point in it and the horizon. So 
if HO be the horizon, and HEZO the meridian ; then 
the arch HE, or the angle HCE, is the meridian alti- 
tude of an object in the meridian at the point BE. 





Autitups, or elevation, of the Pole, is the angle 
OCP, or arch OP of the meridian, intercepted between 
the horizon and pole P, 

This is equal to the latitude of the place ; and it may 
be found by obferving the meridian altitude of the pole 
ftar, when it is both above and below the pole, and 
taking half the fum, when correéted on. account of 
refrattion. . Or the fame may be found by. the declina- 
tion and meridian altitude of the fun. 

ALTITUDE, or elevation, of the equator, is the angle 
HCE, or arch HE of the meridian, between the hori- 
zon and the equator at E; and it is equal to ZP the 
co-latitude of the place. 

ALTiTruDe of the Tropics, the fame as what is other- 
wife called the jolficial altitude of the fun, or his meri- 
dian altitude when in the folftitial points. 

ALT. TuDS, or height, of the horizon, or of ftars &ee 
feen in it, isthe quantity by which it is raifed by re- 
fraction. 

RefraGion of ActTivuDeE, is an arch ofa vertical cir- 
cle, by which the true altitude of the moon, ora ftar, 
pee MIWA TON CeO = ARTO ee AGEN hee) SH OREN READ I RU RERRAT Say 5 1 se e 
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and is different at different altitudes, being nothing in 
the zenith, and greateft at the horizon, where it is 
about 33. @ - 

Parallax of ALTITUDE, isan arch of a verticle cir- 
ele, by which the true altitude, obferved at the centre 
of the earth, exceeds that which is obferved on the fur- 
face; or the difference between the angles € LM and 
@ IK of altitude there ; and is equal to the angle I ¢ 
L formed at the moon or other hody, and fubtended 
by the radius IL of the earth. 

It is evident that this angle is le(s, as the luminary is 
farther diftant from the earth; and alfo Jefs, for any 
one luminary, a3 it is higher above the horizon; being 
greateft there, and nothing in the zenith. 

Axtitups of the Nonagefimal, is the altitude of the 
goth degree of the ecliptic, counted upon it from where 
it cuts the horizon, or of the middle or highest point of 
it which is above the horizon, atany time ; and is equal 
to the angle made by the ecliptic and horizon where they 
interfedt at that time. 

Auritupe of the cone of the earth's or moon's foadow, 
the height of the fhadow of the body, made by the fun, 
and megfured from the centre of the body. To find it, 
fay, As the tangent of the angle of the fun’s apparent 
semidiameter is to radius, fo is 1 toa 4th proportional, 
which will be the height of the fhadow, in femidiame- 
ters of the body. 

So, the greateft height of the earth’s fhadow, is 
“217°8 femidiameters of the earth, when the fun is at 
his greateft diftance, or his femidiameter fubtends an 
angle of about 15 47”; and the height of the fame is 
210°7 femidiameters of the earth, when the fun is neareft 

. the earth, or when his femidiameter is about 16’ 19": 
And proportionally between thefe limits for the inter- 
mediate diftances or femidiameters of the fun. 

The altitudes of the thadows of the earth and moon, 
are nearly as 11 to 3, the proportion of their diameters. 

-. Auritupe, or exaltation, in aftrology, denotes the 
fecond of the five effential dignities, which the planets 
acquire by virtue of the figns they are found in. 

ALTITUDE of motion, is aterm ufed by Dr. Wallis, 
for the meafure of any motion, eftimated in the line of 
dire@ion of the moving force. : 

ALTITUDE, in {peaking of fluids, is more frequently 
expreffed. by the term depth. The preffure of fluids, 

_ in every direétion, is in proportion to their altitude or 
depth. : 

Rerive pe of the mercury, in the barometer and ther- 
mometer, is marked by degrees, or equal divifions, placed 
by the fide of the tube of thofe inftraments. i 
“éPhe altitude of the barometer, or of the mercury in 
its tube, at London, is ufually comprifed between the 
limits of 28 and 3) inches: and the mean height, for 

~ every day. in fevegal years, is nearly 29°87 inches. 

“oo “Arrirupe of the pyramids in Egypt, was meafured 
fo long fince as the time of Thales, which he effected 

by means of their fhadow, and that of a pole fet upright 
befide them, making the altitudes of the pole and py- 
ramid proportional to the lengths of their fhadows. Ple- 
tarch has given an account of the manner of this ope- 
ration, which is one of the firft geometrical obfervations 
we have an exaét account of. 

ALTITUDE, circles of, parallels of, quadrant of, ee 
See the refpective words. 
oe 
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Equal ALTATUDE inffruments is an inftrument ufed 
to obfervea celeftial obje&, when it has the fame or an 
eqnal altitude, on both fides of the meridian, or before 
and after it paffes the meridian: an inftrument very 
ufeful in adjufting clocks &c, and for comparing equal 
and apparent time. a 

AMBIENT, encompafiing round about; as the be- 
dies which are placed about any other body, are called 
ambient bodies, and fometimes circum-ambient bodies ; 
and the whole mafs of the air or atmofphere, becaufe 
it encompaffes all things on the face of the earth, is 
called the ambient air. 

AMBIGENAL Hyperbola, a name given by New- 
ton, in his Exumeratio linearum tertii ordinis, to one of 
the triple hyperbolas EGF of the fecond order, having 
one of its infinite legs, as EG, falling within the an- 
gle ACD, formed by the afymptotes AC, CD, and 
the other leg GF falling without that angle. 





AMBIT, of a figure, inGeometry, is the perimeter, 
or line, or ium of the lines, by which the figure is 
bounded, 

-AMBLIGON, or AmRLIGONAL, in Geometry, fig- 
nifies obtufe-angular, as a triangle which has one of its 
angles obtufe, or confifting of more than go degrees. 

AMICABLE sumbers, denote pairs of numbers, of 
which each of them is mutually equal to the fam of all 
the aliquot parts of the other. So the firft or leaft pair 
of amicable numbers are 220 and 284; all the aliquot 
parts of which, with their fums, are as follow, viz 
of 220, they are 1, 2, 4, 5, 10; 11, 20,22, 445 555 

¥10, their fum 2845 
of 284, they are, 1,2, 4,71, 142, and their {um is-220. 

The zd pair of amicable numbers are 17296 and 
18416, which have alfo the fame property as above, 

And the 3d pair of amicable numbers are 9363584. 
and 9437056. 

Thefe three pairs of amicable numbers were found 
out by F. Schooten, fec. 9 of his Exercitationes Mathe- 
matice, who [ believe firt gave the name of amicable to 
fuch numbers, though fuch properties of numbers it 
feems had before been treated of by Rudolphus, Def- 
cartes, and others. 

To find the firft pair, Schooten puts 4 and 4yz, or 
ax and a’yx for the two numbers where a == 23 then 
making each of thefe equal to the fam of the aliquot 
parts of the other, gives two cquations, from which are 
found the values of « and x, and cenfequently, affaum- 
ing a proper value for y, the two amicable numbers 
themfelves 4x and 4yz. 

In like manner for the other pairs of fach numbers s 
in which he finds it neceffary to aflame 16x and 16yz or 
dx and atyx for the 2d pair, and 128% and 128ya or 
a’x and a’yx for the 3d pair. 


Schooten 
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. Schooten then gives this practical role, from Def- they have their thadow at noon turned fometimes one. 

© ¢astes, for finding amicable numbers, viz, Affume the - way, and fometimes another, namely, at one time of 
Humber 2, or fome power of the number 2, fuch that the year towards the north, and at the other towards 
if unity or t be fubtraéted from each.of thefe three fol- # the fouth, 


Towing quantities, viz; AMPLITUDE, in gunnery, the range of the projec- 
ww from 3 times the aflumed number, tile, or the right line upon the ground fubtending the 
\. alf from 6 times the affumed number, curvilinear path in which it moves. 

and from 18 times the fquare of the aflumed number, AmePLituDE, in affronomy, is an arch of the hori- 


4,the th-ee remainders may be all prime numbers; then zon, intercepted between the true eaft or weit point, and 

s.the laft prime number being multiplied by.double the the centre of the funor a ftar at its rifing or fetting: fo 

affamed number, the produét will be one of the amica- that the amplitude is of two kinds; ortéve or eaftern, and 

zble numbers fought, and the fam of its aliquot parts occéduows or wellern. Each of thefe amplitudes is alfo 
will be the other, either northern or fouthern, according as the point of 
- That is, if a be put = the number z, ard » fome _rifing or fetting is in the northern or fouthern part ofthe - 

‘ngeger number, fuch that 3a°—-1, and 6a*—1, and horizon: and the complement of the amplitude, or the 

Bat 1 be all three prime numbers; then is 18a"—1 arch of diftance of the point of rifing or fetting, from 
2a" one of the amicable numbers; and the fum of its the north*or fouth point of the horizon, is the azjmuth. * 
aliquot parts is the other. - _, The amplitude is of ufe in navigation, to find the va- 

AMONTONS (Wriitam), an ingenious French ‘ation of the compafs or magnetic needle. And the 

experimental philofopher, was born in Normandy the ule tofind it is this: As the cofine of the latitude is to 
grt of Auguit 1663. While at the grammar {chool, adius, fois the fine of the fun’s or ftar’s declination, 
he by ficknefs contracted adeafnefs that almoft excluded _ to the fine of the amplitude. So in the latitude of London, 

» him from the converfation of mankir. In this fitua- Viz» 51° 31’, when the fun's declination is 23° 28’; then 
tion he applied himfelf to the ftudy of geometry and 08. 51° 31’ the lat. - - ——9'7939907 
Mechanics; with which he was fo delighted that it is fim. 23 28 thedecl.~ + + 96001181 

" faid he refufed to try any remedy for his diforder, either # . 
becaufe he deemed it incurable, or becaufe it increafed fin. 39 47 theamp!l. - ~ ~- 9°8061274 
his attention to his fludies. Among other objeétsof his That is, the fun then rifes or fets 39° 47’ from the eat 
ftudy, were the arts of drawing, o Jet terres and or weft point, to the north or fouth according as the 
of building ; and fhortly after he acquired fome know- declination is north or fouth. . 

+ ledge of thofe more fublime laws by which the univerfe Magnetial AMriitu pe, is an_arch of the horizon, 
is regulated. He ftudied with great care the nature of Contained between the fun or ftar, as the.rifing or {et- . 

. barometers and thermometers ; and wrote his treatife of ting, and the magnetical eaft or welt pene of the hori... 
- Obferwations and Experiments concerning a new Hour-glafi, 200, pointed out by the magnetical compafs, gr the ~.. 
and concerning Barometers, Thermometers, and Hygrefepess amplitude or azimuth compafs. And the difference be~ 
and alfo fome pieces in the Journal desSavans. In 1687, tween this magnetical amplitude, fo obferved, and the ... 

he prefented a new hygrofcope to the Academy of Sci- true amplitude, as computed in the laft article, is the 
ences, which was much approved, He found out a Variation of the compafs. . i 
method of conveying intelligence to a great diftance in So if, for inftance, the magnetical amplitude be ob- 
a thort fpace of time: this was by making fignals from ferved, by the compafs, to be 61° 47°, at the time when 
one perfon to another, placed at as great diftance from itiscomputedtobe - ~ 39 47, 
each other as they could fee the fignals by means of te- . 4 ~ , ‘ 
Iefcopes. When the Royal Academy was new regulated then the difference - - = 22 oisthevariationwei,.- 
in 1699, Amonton was chofen a member of it, as an ANABIBAZON, a name fometimes given to the 
eleve under the third Aftronomer ; and he read there dragon’s tail, or northern nodé of the moon. Say 
his New Theory of Fri@ion, in which he happily cleared © ANACAMPTICS, or the fcience of the reflefions . -. 
bp’ important object in mechanicks. In fat he hada -of founds, frequently ufed in reference to echoes, which 
particular genius for making experiments: his notions are faid to be founds produced anicamptically, or by re~ 
were juft and delicate: and he knew how to prevent flection. And in this fenfe it was ufed by the ancients |. 
the inconveniences of his new inventions, and hada for that part of optics which is otherwife called Catop- 
wonderful fill in executing them. ‘He died of anin- . trics. ae An tol 
fammation -in his bowels, the 11th of O&ober 1705, ANACHRONISM, is Chronology, an error in com+ 
being only 42 years of age. putation of time, by which an event. is | Drphee earlier 
The eloge of Amontons may be feen in the volume of than it really bap, ened. Suth is that of Virgil, who 
the Memonrsof the Academy of Sciences for the year makes Dido to reign at Carthage in the time of Bneas, 
1705, Hift. ‘pa. s50. And his pieces contained in though, in reality, the did not arrive in Africa till 300 
the different volumes of that work, which are pretty years after the taking of Troy. F : 
numerous and wpon various fabjeét, as the air, ation An error on the other fide, by which a fa& is placed 
of fire, barometers, thermometers, hygrometers, fric- later, or lower than it fhould be, is called a parachreni fas. 
tion, machines, heat, cold, rarefaction, pumps, &c, But in common ufe, this diftinction, though proper, is 
may be feen in the volumes for the years 1696, 1699, not attended to; and the word anachronifin is ufed in- 
1702, 1703, 1704, and 1705. : sre differently for the miftake on both fides. : 
AMPHISCH, or Ampuicrans, -are the people ANACLASTICS, or ANacLaTics,an ancient name 
whoinhabx the torrid zone ; which are focalled, becaufe for that Fal of Optics which confiders refratked lights 
Vou I. ing 
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being the fame as what is more ufually called dioptrics. 
See the Compendium of Ambrofius Rhedizs, Eb, 3. Op- 
tica, pa. 384 & feq. ; 

AnNacLastTic Curves, 2 name given by M. de Mai-* 
ran to certain apparent curves formed at the bottom of 
a veffel full of water, to an eye placed in the alr; or 
the vault of the heavens, feen by refraction through 
the atmofphere. 

M. de Mairan determines thefe curves by a principle 
not admitted by all authors; but Dr. Barrow, at the 
end of his Optics, determines the fame curves by other 
principles. 

ANALEMMA, a planifphere, or projection of the 
fphere, orthographically made on the plane of the me- 
ridian, by perpendiculars from every point of that plane, 
the eye is fappofed to be at an inhinite diftance, and in 
the eat or weft point of the horizon. In this projec- 
tion, the folftitial colure, and all its parallel sy are 

rojeted into concentric cireles, equal to the real cir- 
cles in the {phere ; and all circles whofe planes pafs 
through the eye, as the horizon and its parallels, are 
projedted into right lines equal to their diameters ; but 
all oblique circles. are projeéted into ellipfes, having 
the diameter of thecircle for the tranfverfe axis. 

This inftrument, having the forniture drawn on a 

late of wood or brafs, with an horizon fitted.to it, is 
vied for refolving many aftronomical problems; as the 
time of the fun’s rifing and fetting, the length and 
hour of the day, &c. It is alfo ufeful in dialling 
for lays down the figns of the zodiac, with the 

Jengths o: days, and other matters of furniture, upon 
dials. 

‘The oldett treatife we have on the analemma; was 
written by Ptolemy, which was printed at_ Rome in 
1662, with a commentary by F. Commandiné. Pappus 
alfo treated of the fame. Since that time, many other 
authors have treated very well of the analemma ; as 
Aguilonius, Taquet, Dechales, Witty, &c. 

"ANALOGY, the fame as proportion, or equality, 
‘of fimilitade of ratios, Which fee. 

, ANALYSIS, is, generally, the refolution of any 
“thing into jts component parts, to difcover the thing or 
the compofition. And in mathematics it is poperly the 
method of refolving problems, by reducing them to 
eqaations. Analysis may be diftinguithed into the an- 
sientand the modern. 

The ancient analyfis, as decribed by Pappus, is the 
method of proceeding from the thing fought as taken for 
granted, through its confequences, to fomething that is 

_ really granted or known; in which fenfe it is the re- 
verfe fynthefis or compofition, in which we lay that 
down firft which was the Jaf ftep of the analyfis, and 
“tracing the fteps of the analyfis back, making that an- 
tecedent here which was confequent there, till we arrive 

‘at.the thing fonght, which was taken or affumed as 
granted in the firft ftep of the analyfis. This chiefly 
. refpedted geometrical enquiries. : 

‘The principal ‘authors on the ancient analyfis, as re- 
counted by Pappus, in the 7th book of his Mathematical 
CLeBions, are Euclid in his 
aad Superficiem; Apoltonins, de Sedfiones Rationis, de Se@ione 
Spatit, de Tadionibus, de Inclinationibus, de Locis Planis, 
EE de SeBionibus, Conicis; Arifteus, de Locis Solidis ; and 
Erstofthenes, de Medsis Proportionalibus ; from which 
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Pappus gives many examples in the fame book, To 
thefe authors we ma: 
fort of analyfis has af 
the moderns; as Fermat, 
Huygens, Simfon, Stewart, Lawfon, &c, and more™ 
efpecially Hugo d’Omerique, in his dnabfss Geometrich, 
jn which he has endeavoured to reftore the Analyfis of 
the ancients. And, on this head,. Dr. Pemberton tells 
us, “that Sir Haac Newton ufed to cenfure himfelf for™ 
not following the ancients more clofely than he did <4 
and fpoke with regret of his miftake, at the beginning: 
of his mathematical ftudies, in applying himfelf to the 
works of Defcartes, and other algebraical writers, be- 
fore he had confidered the Elements of Euclid with 
that attention fo excellent 2 writer deferves: that ‘he’ 
highly approved the laudable attempt of Hugo d’Ome- 
rique to reftore the ancient analyfis.”” 

In the application of the ancient analyfis in geometri-’ 
cal problems, every thing cannot be brought within fri ; 
roles ; nor any invariable dire@tions given, by which we > 
may fucceed in all cafes ; but (ome previous preparation 
is neceflary, a kipd of mental contrivance and conftruc- 
tion, to forma Sanexion between the data and quefita, 
which mutt be left to every one’s fancy to find outs being 
various, according to the various nature of the problems 
propofed : Right lines muit be drawn in particular di- 
reétions, or of particular magnitudes; bifecting perhaps 
a given angle, or perpendicular toa given line ; or per- 
haps tangents muft be drawn to a given curve, froma 
given point; or circles defcribed from a given centre, 
with a given radius, or touching given lines, or other 
given circles; or fuch-like other operations, Whoever 
is converfant with the works of Archimedes, Apollonius, 
or Pappus, well knows that they founded their analytis 
upon fome fuch previous operations ; and the great fill 
of the analyft confitts in difcovering the mofl proper af- 
feGions on which to found his analyfis: for the fame 
problem may often be effected in many different ways; 
of which it may be proper to givehere an example or, 
two. Let there be taken, for inftance, this problem, 
which isthe 155th prop. of the 7th book of Pappus. 

From the extremities of the bafe A, B, of a given 
fegment of a circle, 
AC, BC, meeting at point C in the circumference, fo 
that they fhall have a given ratio to each other, fup- 
pofe that of F to G. 


thus. ; is 
ANALYSIS. © - 

Suppofe the thing done, and that the point C is found: 
then fappofe CD is drawn a tangent to the circle at C,* 
and meeting the line AB produced. in the point D. 
Now by the hypothefis AC: BC:: F : G, and aif 
AC? : BC: : DA: DB, as may be thus. proved. 


Hb 








Since DC touches thecircle, and BC cuts it, the an- 
gle BCD is equal to BAC by Buc. iii, 323 allo the ange 
is 


add Pappus himfelf. ‘The fame { 
‘o been well cultivated by many of 
Viviani, Getaldus, Snellius, 7 


it is required to draw two lines 


rece 


The folution of this problem, as given by Pappus, is: 


cota. 
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Dis tommon ¢ both the triangles DCA, DCB; thefe 
“are therefore fimilar, and fo, by vig, DA: DC:: DC: 
DB, and hence DA*: DC? : : DA : DB by cor. vi 
20. -But alfo, by vi 4, DA: AC:: DC: CB, and by 

ermutation DA: DC: : AC : BC, or DA*: DC’: : 

4C*: BC*; and hence by equality, AC*: BC*:: DA: 
DB. 

But the ratio of AC* to BC* is given by prop. LVIL 
of Simfon’s edition of the Data, becaufe the ratio of 
AC to BC is given, and confequently that of DA to DB 
is piven, Now fince the ratio of DA to DB is given 
therefore alfo, by Data vi, that of DA to AB, and 
hence, by Data ii, DA is given in magnitude. 

And here the analyfis properly ends, For it having 
been thewn.thac DA is given, or that a point D may be 
found in AB produced, fuch, that a tangent @ing- 
drawn from it to the circumference, the point of cons. 
tact will be the point fought; we may now begin the 
compofition, of fynthetical demonftration ; which muft 

be done by finding the point D, or laying down the 

line AD, which, it was affirmed, was given, in the laft 

ftep of the analyfis. , 


~ 


‘ SYNTHESIS. 


Conftrufion. Make as F3: Gt; : AD: DB, (which 
may be done, fince AB is given, by making it as F*—- 
G*:G*: : AB: DB, and then by compofition it will 
beas F? ; G?: : AD : DB) ; and then from the point D, 
thus found, draw a tangent to the circle, and from the 
ont of contact C drawing CA and CB, the thing is 

lone. 

Demonfiration, Since, by the conftr, F? : G*:: 
AD: DB, and alfo AD : DB: : AC* : BC*, which 
has beenalready demonttrated in theanalyfis, and might 
be here proved in the fame manner. ‘Therefore F? : 
G*:: AC? : BC*, and confequently F:G:: AC: 
BC. 2, E. D. 

Here we fee an inftance of the method of: refolution 
and compoftion, as it was practifed by the ancients, the 
folution here given being that of Pappus himfelf. But as 
the method of referring and reducing every thing to the 
Data, and conftantly quoting the fame, may appear now 
to be tedious and troublefome: and. indeed it is unne~ 
ceflary to thofe who have already made themfelves maf- 
ters of the fubftance of that valuable book of Euclid, 
and haye by practice and experience acquired a facility 
of reafoning in fuch matters: I fhall therefore now 
fhew how we may abate fomething of. the rigour and 
ftriét form of the ancient method of folution, wirhout 
diminifhing any part of its admirable elegance and per- 
fpicuity. And this may be done by the inftance of an- 
other folution, of the many more which might be given 
of the fame problem, as follows. _ ; 


ANALYSI58. 


Let us again fappofe that the thing isdone, viz AC: 
BC::F:G, let there be drawn BH making the 
angle ABH equal to the angle ACB, aud meeting-AC 
produced in H. Then the angle A being alfo com- 
mon, the two triangles ABC and ABH are equiangular, 
and therefore, by vi 4, AC>BC:: AB: BH, ina 
given ratio; and, AB. being given, therefore Bilis 
‘given in pofition and magnitude. % : 
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Sywrwests, 2" 

Conftrufion, Draw BH making the gngle ABH 
equal to that which may be contained in the given feg~ 
ment, and take AB to BH in the given ratio of F to G,. 
Draw ACH, and BC. 

Demonfiration. The triangles ABC, ABH are equi- 
angular, therefore, vig, AC: CB: : AB: BH, which 
is the given ratio by conftruétion, 

Modern Ax avy sis, confitts chiefly of algebra, arith- 
metic of infinites, infinite feries, increments, fluxions, 
&c ; of each of which a particular account may be feen 
under their refpective articles. . 

Thefe form a kind of arithmetical and fymbolical 
analyfis, depending partly on modes of arithmetrical 
computation, partly on rules peculiar to the fymbols 
made ufe af, and partly on rules drawn from tha natare 
and fpecies of the quantities they reprefent, or from 
the modes of their exiftence or generation. 

The modern analyfis is a general inftrament by which 
the fineft inventions and the greateft improvements have 
been made in mathematics and philofophy {for near two 
centuries paft. It furnithes the moft perfect examples of 
the manner in which the art of reafoning fhould be em- 
ployed ; it gives to the mind a wonderful kill for dif- 
covering things unknown, by means of a Ymall number 
that are given; and by employing fhort and eafy fym- 
bols for exprefling ideas, it prefents to the underftanding 
things which woulddWherwife feem to lie above its {pere. 
By this means geometrical demonftration may be greatly 
abridged: a long train of arguments, in which the mind 
cannot, without the greateft effort of attention, dicover 
the conneétion of ideas, is converted into vifible fym- 
bols; and the various operations which Epi haga are 
fimply effeéted by the combination of thofe fymbols, 
And, what is ftill more extraordinary, by this artlfic , 
a great number of truths are often exprefled in ohe line 
only: inftead of which, by following the ordinary way 
of explanation and demonftration, the fame truths would 
occupy whole pages or volumes. And thus, by the bare 
contemplation of one line of calculation, we may under. 
ftand in a fhort time whole fciences, which dtherwife 
could hardly be comprehended in feveral years. 


It istrue that Newton, who beft knew all the advan. ‘ 


tages of analyfisin geometry and other {ciences, laments, 
in feveral parts of bis works, that the ftudy of the an- 
cient geometry is abandoned or negledled, And indeed 
the method employed by the ancien, in their geome- 
tical writings, is commonly regarded as mose rigor- 
ous, than that of the modern analyfis:' and though it 
be greatly inferior to that of the moderns, in point of 
difpatch and ficility of invention; it is nevérthelefs 
highly ufefal in Strengthening the mind, improving the 
reafoning faculties, and inaccuftoming the young mathe- 
matician to a pure, clear, ang accurate made of invefti~ 
gation and demonftration, though by along and laboured 
procefs, which he would with difficulty have fubmitted 
to if histafte had before'been vitiated, as it were, by 
the more piquant fweets of the modern analyfis.. And 
it is principally on this that the complaints of Newton 
are founded, who feared left by the too early and fre- 
quentafe of the modern analyfis, the fcience of geometry 
fhould lofe that rigour and purity ‘which charatterife its 
inveftigation, and the mind become debilitated by the 
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facility of our analyfis. ‘his great man was therefore 
well foonded, in recommending, to a certain-extent, the 
flody of thy ancient geometrician : for, their demon- 
frations being more difficult, give more exercife to the 
mind, acciiftom it to a clofer application. give ita 
greater {cope, and habituate it to patience and refolu- 
tion, fo neceflary for making difcoveries. Bat this is the 
only or principal advantage from it; for if we fhould 
took no farther than the method of the ancients, it is 

robable that, even with the beft genius, we fhould 
ve made but few or {mall difcoveries, in comparifon 
of thofe obtained by means of the modern analyfis. 
And even with regard to the advantage iven to invef- 
tigations made in the manner of the ancients, namely 
of being more rigorous, it ma: shaps be doubted 
whether this pretenfion be wel founded. For to in- 
fiance in thofe of Newton himfelf, although his de- 
monftrations be managed in the manner of the ancients ; 
et at the fame time it is evident that he inveftigates 
is theorems by a method different from that employed 
$n the demontftrations, which are commonly analytical 
calculations, difguifed by fubftitating the name of lines 
for their algebraical valee : and though it be true that 
his demonttrations are rigorous, it is no lefs fo 
that they would be the fame when tranflated and deli- 
vered in algebraic language; and what difference can 
it make in this refpeet, webether we calla line AB, or 
denote it by the algebraic charatter a? Indeed this laft 
batg, bebe has this pases: that when all the lines 
are denoted by algebrai 
can be performed upon them, without thinking of the 
fines or the figure. ‘And this circumftance proves of na 
{mall advantage : the mind is relieved, and {pared as 
much as poffible, that its whole force may be employed 
. overcoming the nataral difficulty of the problem 
lone. ‘ 
"Upon the whole therefore the ftate of the comparifon 
Seems to be this; ‘That the method of the ancients is 
fitteft to begin our ftudies with, to form the mind and 
to eftablith proper habits; and that of the moderns to 
fucceed, by extending our views: beyond the prefent 
limits, and enabling us to make new difcoveries and 
improvements. eee 
Anabyfis is divided, with refpeét to its object, into that 
of fixites, and that of infinites. 7 : 
“Analyfis of finite quantities, 3s what is otherwife called 
algebra, oF fpeci¢e arithmetic. 
Analyfis of infdttes, called alfo the new analyfs, is 
that which is concerned in calcolating the relations of 
uantities which are confidered as infinite, or infinitely 
fittle; one of its chief branches being the metbed oj 
Busions, or the differential calculus. And the great ad- 
‘vantage of the modern mathematicians over the anci- 
ents arifes chiefly from the ufe of this modern analyfis. 
ANALYSIS Of powers, is the fame as refolving them 
into their roots, and is othewife called evolutions. 
ANALYSIS of curve kines, fhews their conftitution, 
nature and properties, their points of inflexion, ftation, 
retrogradation, variation, &c. . 
ANALYST, 2 perfon who analyfes fomething, or 
makes ufe of the analytical method. In mathematics, 
jt is a perfon fkilled in algebra, or in the mathematical 


asalyfis in general. 
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charaéters, many operations ” 
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Axanyst, the title of an ingenious, though fophif- 
tical book, written by the celebrated Dr. Berkeley, 
againit the dotrine of fluxions, 

» ANALYTIC, or ANALYTICAL, fomething belong. 
ing to, or partaking of, the nature of analyfis ; or pere 
formed by the method of analyfis. e: 

Thus we fay analytical demonftration, analytical en- 
quiry, analytical table or {cheme, analytical method, 
fc. ‘The analjtical ftands oppofed to the fpithetical, 
or that which proceeds by the way of fyuthefs. 

ANALYTICS, the fcience, or dottrine, and ufe of 


analy fis. 

"ANAMORPHOSIS, in perfpettive and painting, 
a monftrous projection; or a reprefentation of fome 
image, either on a plane or curve furface, deformed 
or dutorted ; but which in a certain point of view fhall 
appear regular, and drawn in juft proportion, 

To conftrud an Anamorphofis, or monfirous projection, om 
a plane.—Draw the {quare ABCD (fig, 1.), of any 
fize at pleafure, and divide it by crofling lines into a 
number of areola or {maller fquares = and then in this 
{quare, or reticle, called alfo the craticular prototype, 
draw the regular image which is to be diftorted.—-Or, 
about any image, propofed to be diftorted, draw a re- 
ticle of {mall {quares, 





Then draw the line ab (fig. 2.) equal to AB, dividing 
it into the fame number of equal parts, as the fide of the 
prototype AB; and on its middle point B ereét the per- 
pendicular EV, and alfo VS perpendicular to EY, 
making EV fo much the longer, and VS fo mach the 
fhorter, as it is intended the image thali be more dif- 
torted. From each of the points of divifion draw right 
lines to the point V, and draw the right line aS. . Laitly 
through the pointse,/; g» gc, draw lines parallel to ad 
So fhall abcd be the fpace upon which the monftrous pro- 
jedtion is to be drawn; and is called the craticalar ectype- 

Then, in every areola, or fmall trapezium, of the 
fpace abcd, draw what appears contained in the corre~ 
{ponding areola of the original {pace ABCD: fo faall 
there be produced a deformed image in the {pace aécd, 
which yet will appear in juft proportion to an eye cae 

rom. 


re 


ANA ~ [ 


_fromvit the length of EV, and raifed above it by a 

height equal'to VS. : 
; iewill be amufing to contrive it fo, that the deformed 

igiage may not reprefent a mere chaos, but fome certain 

~ figure: thus, a river with foldiers, waggons, and other 
‘objects on the file of it, have been fo drawn and dif- 
torted, that when viewed by an eye at S, it appeared 
like the face of a fatyr. . 

- An image may alfo be diftorted mechanically, by 
perforating through in feveral places with a fine pin; 
then, placing it againfta candle or lamp, ebferve where 
the rays, which pafs through thefe {mall holes, fall on 
any plane or curve fuperficies ; for they will give the 
eorrefpondent points. of the image deformed, and by 
means of which the deformation may be completed. 

Yo draw an Anamorphofis upon the convex furface of 
aecone. It appears from the conftruction above, that we 
shave only to make a craticular e¢type upon the farface 
of the cone, which may appear equa} to the craticular 
prototype, to an eye placed at a proper height above 
the vertex of the cone. Hence, 

Let the bafe, or circumference, ABCD, of the cone 
{fig. 3) be divided by radii into any number of equal 
parts; and !et fome one radius be likewife divided into 
equal parts; then through each point of divifion draw 
ae circles: fo. fhall the craticular prototype be 

rme 
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With double the diameter AB, as a radius, defcribe 
the quadrant EFG, (fig. 4) fo as the arch EG be 
equal to the whole periphery ; then this quadrant, being 
plied or bent round, will form the fuperficies of a cone, 
whofe bafe is the circle. 

Next divide the arch EG into the fame number of 
equal parts as the craticular prototype is divided into ; 

“and draw radii from all the points of divifion. Produce 
| GF to I, fo that FI be equal to FG; and from the centre 
+ “with the radius LF, defcribe the quadrant FKH ; and 
“draw.the right line IE. Then divide the arch KF in- 
10 the fame number of equal parts as the radius of the 
craticular prototype is divided into; and from the centre 
Idraw radii through all the points of divifion, meeting 
EF ins, 2, 3, &c. 
the radii Fi, Fz, F3, &c, defcribe concentric circles. 
So will the craticular e€type be formed, whofe areolas 
will appear equal to each other. : 

Hence, what is delineated in every areola of the cra- 
ticular prototype, being transferred into the areolas of 
the craticular etype, the. images will be diftorted or 
deformed ; and yet they will appear in juft proportion 


169 J 


Laftly, from the centre F, with * 


ANA 


_ to an eye elevated above the vertex at 2 height equal to 


the height of the cone itfelf. sd 

If the chords of the quadrants be drawd in the cra- 
ticular prototype, and chords of each of the 4th parts 
in the craticular e@ype, every thing elfe remaining the 
fame, there will be obtained the craticular ectype in a 
quadrangular pyramid. ; 

And hence it will be eafy to deform an image, in 
any other pyramid, whofe bafe is any regular polygon. 

Becaafe the illafion is more perfect when the eye, by 
the contiguous objets, cannot eftimate the dittance of 
the parts of the deformed image, it is therefore psoper 
to view it through.a fmall hole. ‘ 

Anamorphofes, or monftrous images, may alfo be 
made to appear in‘their natural thape and juft propor- 
tions, by means of mirrors of certam fhapes, from which 
thofe images are reflected again; and then they are faid 
to be reformed. 

For farther particulars, fee Wolfius’s Caroptrics and 
Dioptries, and fome other optical authors. 

ANAPHORA, in Afrology, the fecond houfe, or 
that part of the heavens which is 30-degrees from the 
horofcope. 

The term anaphora is alfo fometimes applied pro. 
mifcuoufly to fome of the fucceeding houfes, as the sth. 
the 8th, and the 1th. In this fenfe anaphora is the 
fame as epanap! ora, and ftands oppofed to cataphora. 

ANASTROUS fen:, in Aftronomy, a name given to 
the duadecatemoria, or the 12 portions of the ecliptic, 
which the figns poffeffed anciently, but have fince de- 
ferted by the preceffion of the equinox. 

ANAXAGORAS, one of the moft celebrated phi- 
lofophers among the ancients. He was bors at Clazo- 
mene in Jonia, about the 7oth Olympiad. . He was.a 
difciple of Anaximenes; and he gave up his patrimony, 
to be more at leifure for the ftudy of philofophy, gyal 
letures in that fcience at Athens. Being perfecute 
in this place, and at laft banifhed from it, he opened a 
fchool at Lampfacum, where he was greatly honoured 
during his life, and fill more after his death, ftatues 
having been erected to his memory. It is faid he made 
fome preditions relative to the phenomena of natare, 
as earthquakes &¢, upon which he wrote fome treatifes. 
His principal tenets may be reduced to the following =~ 
All things were in the beginning confufedly mixed to- 
gether, without order and without motion. ‘The prin- 
ciple of things 3s at the fame time one and multiplex, 
which had the name of Acmarmeries, or fimilar particles, 
deprived of life. But there is befide this, from alt 
eternity, another principle, an infinite and incorporeal 
Spirit, who gave motion to thefe particles; in virtue of 
which, fuch as are homogeneal united, and fuch as were 
heterogeneal feparated according to their different kinds, 


_ All things being thus put into motion by the fpirit, and, 


every thing being united to fuch as are fimilar, thofe 
that had a circular motion produced heavenly bodies, 
the lighter particles afcendifig, while thofe that were 
heavier defcended. The racksof the earth, being drawn 
up by the whirling force of the air, took fire, and became 
ftars, beneath which the funand moon took their ftations, 
— Ic was faid he alfo wrote upon the Quadrature of the 
Circle s the treatife upon which, Piutarch fays, he 
compofed during his imprifonment at Athens. 

ANAX- 
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ANAXIMANDER, a very celebrated Greek phi- 
lofopher, wa} born at Miletus in the 42d olympiad ; for, 
according to;Apollodorus, he was 64 years of age in the 
ad year of the 58th olympiad. He was one of the firft 
who publicly taught philofophy, and wrote upon phi-- 
Yofophical fabjeéts. He was the kinfman, companion, 
and difciple of Thales. He wrote alfo upon the {phere 
and geometry, &c. And he carried his refearches into 
nature very far, for the time in which he lived. It is 
faid that he difcovered the obliquity of the zodiac; that 
he firft publifhed a geographical table: that he. invented 
the gnomon, and fet up the firft fan-dial in an open 

_ Place at Lacedzmon, He taught, that infinity of 
things was the principal and univerfal element; that 
this infinite always preferved its anity, but that its parts 
underwent changes; that all things came from it; and 
that all were about to return toit. By this obfcure and 
indeterminate principle’he probably meant the chaos of 
other philofophers. He held that the worlds are infinite ; 
that the ftars are compofed of air and fire, which are 
carried about in their fpheres, and that thefe {pheres are 
gods; and that the earth is placed in the midft of the 
univerfe, asinacommon centre. Farther, that infinite 
worlds were the produce of infinity; and that corruption 
proceeded from feparation, 

ANAXIMENES, an eminent Greek philofopher, 
born at Miletus, the friend, {cholar, and fucceflor of 
Anaximander. Hediffufed fome degree of light upon the 
ob{curity of his mafter’s fytem. He made the firit prin- 
ciple of things to confift in the air, which he confidered as 
infinite or immenfe,and to which he afcribed 4 perpetual 
motion; that this air was the fame as fpirit or God, 
fince the divine power refided in it, and agitated it. 
"The ftars were as fiery nails in the heavens; the funa 
flat plate of fire; the earth an extended flat furface, &c. 

ANDERSON (ALexanper), one of the brighteft 
ornaments of the mathematical world, who flourifhed 
about 200 years ago. He was born at Aberdeen in 
Scotland, it Would feem towards the latter part of the 
36th century, as he was profeffor of mathematics at 
Paris in the early part of the 17th, where he publifhed 

" feveral ingenious works in geometry and algebra, both 

of his own, and of his friend Vieta’s. Thus he pub- 
lithed his‘ Supplementam ApolloniiRedivivi; (of Ghe- 
taldus) five analyfis problematis hactenus defiderati ad 

Apollonii Pergwidodrinam ap sostwr, a Marino Ghe- 

do Patritio Ragufino hujy{que, non ita pridem refti- 
tutam. In qua exhibetur mechanice zqualitatum tertil 
gradus five folidarum, in quibus magnitudo omnino da- 
ta, equatur homogenee tub altero tantum coefficiente 
ignoto. Huic fubnexa eft variorum problematum prac- 
tice.” Paris, 1612, in 4to. 

«© Avrywaoyia: Pro Zetetico Apolloniani problematis 
a fe jam pridem edito in fupplemento Apollonii Redi- 

vivi. Ad clariffimum & ornatiffimam viram Marinam 
Ghetaldum Patritium Ragofinum. In qua ad ea quae 
obiter mihi perftrinxit Ghetaldus refpondetur, & ana- 
lytices clarins detegitur.” Paris, 1615, in gto. 
He publihed alfo, 

«« Fracifci Viet Fontenacenfis de Aequationum 
Recognitione & Emendatione Traétatus duo.” Paris, 
1615, in 4to; with a Dedication, Preface, and an 
Appendix, by Anderfon. 
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And Vieta’s Angulares Se€tiones, with the Demon- 
ftrations by Anderion. 

Alexander was coufin german toa Mr. David Ander- 
fon, of Finfhaugh, a gentleman who alfo poffeffed a fin-” 
gular turn for mathematical and mechanical knowledge. 
‘This mathematical genius was hereditary in the family~ 
ofthe Anderfons, and from them it feems to have been 
tranfmitted to their defcendants of the name of Grego- 
ry in the fame country: the daughter of the faid Da- 
vid Anderfon having been the mother of the celebrated 
mathematician James Gregory, and who herfelf fir 
inftruéted her fon James in the elements of the Mathe- 
matics, upon her obferving in him, while yet a child, a 
ftrong propenfity to thofe {ciences. 

"The time either of the birth or death of our author 
Alexander, has not come to my knowledge. 

ANDROGYNOUS, an appellation given, by aftro- 
logers, to fuch of the planets as are fometimes hot, and 
fometimes cold; as mercury, which is accounted hot and 
dry when near the fun, and cold and moi when near 
the moon, : 

ANDROMEDA, in Affronomy, a conftellation of 
the northern hemifphere, reprefenting the figure of a 
woman almoft naked, her feet at a diftance from each 
other, and her arms extended and chained; being one 
of the original 48 afterifms, or figures under which the 
ancients comprehended the itars, as derived to us from 
the Greeks, who probably had them from the Egyp- 
tians or Indians, and who, it is fufpeéted, altered their 
names, and accompanied them with fabulous ttories 
of their own. According to them, Cepheus, the father 
of Andromeda, was obliged to give her up to be de- 
voured by a monfter, to preferve his kingdom from the 
plague ; but that fhe was delivered by Perfeus, who flew 
the moniter, and efpoufed her, And the family were 
all tranflated by Minerva to heaven, the mother being 
the conttellation Caffiopeia. . 

She is fometimes called, in Latin, Perfia, Mulier ca- 
tenata, Virgo devota, &c. The Arabians, whofe reli- 
gion did not permit them to draw the figure of the 
human body on any occafion whatever, have changed 
this confteliation into the figure of a fea-calf. Schickard 
has changed the name for that of the fcripture name 
Abigail, And Schiller has alfo changed the figure of 
the conftellation, for that of a fepulchre, and calls it 
the Holy Sepulchre. de 

This conftellation contains about 27 ftars that are 
vifible to the naked eye; of which the principal are, @ 
Andromeda’s head; 8 in the girdle, and called mirach or 
mizar; y onthe fouth foot, and named alamak, and 
fometimes albames. 

The number of ftars placed in this conftellation by 
the catalogue of Ptolemy is 23, by that of Tycho Brahe 
alfo 23, by that of Hevelius 47, and by that of Flam- 
feed 66. . 

ANEMOMETER, an inftrament for meafuring the 
force of the wind. . ne 

An inftrument of this fort, it feem$, was firft in- 
vented by Wolfius in the year 1708, and firlt publifhed 
in his Arcometry in 1709, alfo in the Aa Eruditorum 
of the fame year; afterwards in his Mathematical Dic- 
tionary, and in his Elem. Mathefeos. He fays he tried 
the goodnefs of it, and obferves that the internal ftruc. 
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» ‘tore may be preferved, fo as to meafure the force of run= 


~ 


. ounces, or 622 pounds, 


. tofo many times is 


-means of that of the fhadow of clouds 


ning water, or that of men or horfes when they draw 
or pull, The machine confifts of fails, A, B, C, like 
thofe of a wind-mill, againit which the wind blows, and 


= by turning them about, raifes an arm K with a weight 


I, upon it, to different angles of elevation, thewn b: 


the index M, according to the force of the wind. (Plate 


TLL. fig. 3) 

In the Philof, Tranf. another anemometer is ne- 
Kcribed, in which the wind being fappofed to -blow 
direly againft a flat fide, or board, which moves along 
the graduated arch of a quadrant, the number of degrees 
it advances thews the comparative force of the wind. 

In the fame Tranfactions, for the year 1766, Mr. 
Alex. Brice defcribes a nethod, fuccefsfully praifed 
by him, of meafuring the velocity of the wind, by 


pafling overa 
plane upon the earth. 

Alfo in the fame Tranfa@tions, for the year 1775, 
Dr. Lind gives a defeription of a very ingenious port- 
able Wind-Gauge, by which the force of the wind is 
edly meafured; a brief defeription of the principal 
parts of whith here follows. This fimple inftrument 
confitts of two glafs tubes, AB, CD, (Plate ITE. fig. 4.) 
which fhould not be lefs than 8 or 


bore of each being about ,*, of an inch diameter, and 


“connected together by a {mall bent glafs tube a5, only 


of about y{; of an inch diameter, to check the undula- 
tions of the water caufed by a fudden guft of wind. 
On the upper end of the leg AB is fitted a thin metal 
tube, which is bent perpendicularly outwards, and 
having its mouth open to receive the wind blowing 
horizontally into it, ‘The two tubes, or rather the two 
branches of the tube, are conneéted to a fteel fpindle KL 
by flips of brafs near the top and bottom, by the fockets 
of which ate and f the whole inftrument turns eafily 
about the fpindle, which is fixed into a block by a 
{crew in its bottom, by the wind blowing in at the 
orifice at F, When the inftrument is fed, a quantit 
of water is poured in, till the tubes are about half fuil ; 
then expofing the inttrument to the wind, by blowing in 
at the orifice F, it forces the water down lower in the 
tube AB, and raifes it fo much higher in the other tube; 
and the diftance between the furfaces of the water in 
the two tubes, eftimated by a fcale of inches and parts 
HI, placed by the fides of the tubes, will be the height 
of a column of water whofe weight is equal to the force 
or momentum of the wind blewing or friking againft an 
equal bafe. And asa cubic foot of water weighs 1000 
the 12th part of which is 5.4, 
o.55 pounds nearly, therefore for every inch the furface 
eee water is raifed, the force of the wind will be equal 
0 § pounds on a fquare foot. Thus, 
fappofe the water and 3 inches higher in the one tube, 
than in the other; then 3 times 5° or 153 pounds is 
bg to the preffure or force of the wind on the furface 
of a foot fquare, 


This inftrument of Dr. Lind’s, meafures only the 


. force or momentum of the wind, but not its velocity. 


However the velocity of the wind may be deduced from 
its force fo obtained, by help of fome experiments per- 
formed by me at the Royal Military Academy, in the 
years 1786, 1787, and 1788 ; from which experiments 
wappears that a plane furface of a {quare foot fuffers a 
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inches long, the | 
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refiftance of 12 ounces from the wind, en-blowing 
with a velocity of 20 feet per fecond; andghat the force 
is nearly as the fquare of the velocity, Hence then, 
taking the force of 153 pounds, above found for the 
force of the wind wien it fultains 3 inches of water, and 
taking the {quare roots of the forces, it will be, as 4/ 1z 
i 1532: 20: 22% the 4th proportional, that is a 
velocity of 22t feet per fecond, or 152 miles per hour, 
is the rate or velociry at which the wind blows, when it 
raifes the water 3 inches higher in the one tube than 
the other. Ana farther, as the faid height is as the 
force, and the force as the fquare of the velocity, we 
fhall have the force and velocity, correfponding ta fe- 
veral heights of the water in the one tube, above that 
in the other, as in the following table. ; 
Table of the correfponding height of water, force on @ 
Sqnare fo:t, and velocity of wind. 






In one inftance Dr. 








Height’ 0] Forse of] Veiecity of 

water, | wind. wind per hour} Lind found that the 
5 (Pounds. | Miles. force of the wind was 
of 4° fuch as to be equal 34 
of O°4 3% pounds, on a {quare 
1 $°2 9°90 foot; and this by pro- 
2 worg | 12°7 jortion, in the follow. 
3 iSO 4. g's ing table, will be found. 
4 |20°8] 18-0) to anfwer toa velocity 
5 [26-0] 20°18 of 23% miles per hour. 
6 [3r+25{ 22°06 
7 436° 23.78 
8 41° 25° 4 
9 2 : » 


Mr. Leutmann improved upon Wolfius’s anemometer, 
by placing the fails horizontal, inftead of vertical, which 
are eafier to move, and turn what way foever the wind 
blows, . Ds 

Mr. Benjamin Martin alfo (Plate HI. fig. 2 im. 
proved upon the fame. He made the axis like the 
fufee of a watch, having a cord winding upon it, with 
two weights at the ends which make always a balance 
to the force of the wind on the fails. See his Philof. 
Britan. : 

And M. D’Ons-en. Bray invented a new anemometer, . 
which of itfelf expreffes on paper, not only the feveral 
winds that have blown during the fpace of 24 hours, 
and at what hour each began aid ended, but alfo the 
different ftrength or velocity ofeach. See Mem. Acad, 
Scienc, an. 1734. See alfo the article Wind-Gauge. 

ANEMOSCOPE, is fometimes ufed to denote a 
machine invented to foretell the changes of the wind, 
or weather; and fometimes for an inftrument thewing 
by an index what the prefent dire€tion of the wind is. 
Of this latter fort, it feems, was that ufed by the an- 
cients, and defcribed by Vitruvius; and we have many 
of them at prefent in large or public buildings, where 
an index withinfide a room or hall, points to the name 
of the quarter from whence the wind blows without s 
which is fimply effe€ted by conneéting an index to the 
lower end ef the Spindle of a weather-cock, i 
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Te has been obferved that hygrofcopes made of cat- 
gut,or fach yike, prove very good anemofcopes; feldom 
failing, by the turning of the index, to foretell the 
fhifting of the wind. See accounts of two different 
anemofcopes ; one by Mr. Pickering, vol. 43 Philof. 
Tranf. the other by Mr. B. Martin, vol. 2 of his Philof. 
Britan. : : 

Otto Gueric alfo gave the title anemofcope to a 
machine invented by him to foretell the change of the 
weather, as to rain or fair. It confitted of the {mall 
wooden figure of a man, which rofe and fell in a glafs 
tube, as the atmofphere was more or lefs heavy. Which 
was only an application of the common barometer, as 
fhewn by M. Couriers in the d@a Eruditorum for 1684. 

ANGLE, Angulus, in Geometry, the opening or.-mu- 
tual inclination of two lines, or two planes, or three 
planes, meeting ina point called the vertex or angular 
point. Such as the angle formed by, or between, 
the two lines AB and AC, at the vertex or angular 
point A.—Alfo the two lines AB and AC, are called 
the /egs or the fides of the angle. 
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Angles aré fometimes denoted, or named, by the 
fingle letter placed at the angular point, as the angle As 
and fometimes by three letters, placing always that of 
the vertex in the middle. The former method is 
. ‘afed when only one angle has the fame vertex; and the 
- Jatter method it is neceffary to ufe when feveral angles 
“have the fame vertex, to diftinguith them from one 
“another. 
_ /."The meafure of an angle, by which its quantity or 
inagnitude is expreffed, is an arch, as DE deferibed 
. from the centre A, with any radius at pleafure, and 
contained between its legs AB and AC.—Hence 
angles are compared and diftinguifhed by the ratio of 
the arcs which fubtend them, to the whole circum- 
ference of the circle; or by the number of degrees 
contained in the arc DE by which they are meafured, 
to 360, the number of degrees in the whole circum- 
- ference of the circle. And thus an angle is faid to be 
of fo many degrees, viz, as are contained in the arc DE. 

Hence it matters.noi, with what radius the arc is 
defcribed, by which an angle is meafured, when great 
or fmall, as AD, or Ad, or any other: for the arcs 
DE, de, being fimilar, have the fame ratio as their 
refpective radii or circumferences, and therefore they 
contain the fame number of degrees. —Hence it follows, 
that the quantity or magnitude of the angle remains 
ftill the fame, though the legs be ever fo much in- 
creafed or diminifhed. And thus, in fimilar figures, 
the like or corre{ponding angles are equal. 

The taking or meafuring of angles, is an operation of 
great afe and extent in furveying, navigation, geo- 
graphy, aftronomy, Xc. And the inftruments chiefly 
ufed for this purpofe, are quadrants, fextants, octants, 
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theodolites, circumfereniors, &c. Mr. Hadley invented. 
an excellent inftroment for taking the Jarger fort of 
angles, where much accuracy is required, or where 
the motion of the object, or any circumflance caufing 
an unfleadinefs in the common inilruments, renders the 
obfervations difficult, or uncertain. And Mr. Doilond 
contrived an infrument for meafaring fall angles. 
See Hadley’s Suadrant, Micrometer, and the Philof 
Tranf. Numbers 420, 425, and vol. 48. 


To meafure the Quantity of ax Angle. 


1. On paper. Apply the centre of a protractor to 
the vertex A of the angle, fo that the radius may co- 
incide with one leg, as AB; then the degree on the 
arch that is cut by the otler leg AC, will give the 
meafure of the angle required. 

Or thus, by a line ofchords. Take off the chord of 
60 witha pair of compaftes; and with chat radius, from 
the centre A, deferide an ave as Di. “Phen take this 
arc DE between the compaftes, and apply the extent to 
the fcale of chords, which will give the degrees in the 
angle as before. 

M. De Lagny gave, in feveral memoirs of the Royal 
Academy of Sciences, a new method of meafuring 
angles, which he called Gaxiomvery. The method con- 
fits in meafuring, with a pair of compafles, the are 
which fubtends the propofed angle, not by app! ving its 
extent toa pre-conttruéted feale, like chords, but ia the 
following manner: 
with a pretty large radius, defcribe a circle, producing 
one leg of the angle backwards to cut off a femicircle 5 
then fearch out what part of the femicircle the arc is 
which meafures the given angle, in this manner; viz, 
take the extent of this arc with a very fine pair of com~ 
paffes, and apply it feveral times to the arc of the femi- 
cirele, to find how often it is contained, with a fmall 
part remaining over ; in the fame manner take the ex- 
tent of this {mall part, and apply it to the firit arc, to 
find how often it is contained in it; and what remains 
this zd time, apply in like manner to the firft remainder ; 
then the 3d remainder apply to the 2d, and fo on, 
always counting how often the laft remainder is con- 
tained in the next foregoing, till nothing remain, or till 
the remainder is infenfible, and too fmall to be mealured: 
Then, beginning at the laf, and returning backwards, 
make a feries of fragtions of which the numerators are 
always 1, and the denominators are the number of times 
each remainder is contained in its next remainder, with 
the fractional part more, as derived from the following 
remainder; then the latt fra@tion, 
fhew what part the given angle is of 180° or the ferni- 
circle ; and being turned into degrees &c, will be the 
meafure of the angle, and nearer, it is aflerted, thawit 
can be obtained by any other means ; whether it be 
meafuring, or calculating by trigonometrical tables. — 
‘Thus, if it be required to meafure the angle GFH: 
With a large radius defcribe the femicircle GHI, 
meeting the lég FG produced in I then take the ex- 
tent of the arc GH in the compaffes, and applying it 
from G upon the femicircle, fuppofe it contains 4 times 
to the point 4, and the part 41 over; take 4 [ and 
apply it from H to 1, fo that HG contains 4 { once, 
and 1 Gover; alfo apply this remainder to the former 
4 [, and it contains 5 times, from 4 to 5, and 5 Tover 5 
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From the angular point as a centre, - 


thus obtained, will: 


x 


* will bifeét 


ANG { 


and laftly the remainder 5 I is juft two times con- 
tained in the former remainder 1 G or 1 2, without 
any remainder. Here then, the feries of quotients, or 
nambers of times contained, are 4, 1, §, 23 therefore, 


beginning at the lait, the firft fra@tion is $, or the laft 


izmainder,is half the preceding one; and the 2d frac- 


tion is Be or 7; 3 the 3d is or {43 and the fourth is 

Sz Irt E 

a or 34; that is, the arc GH or 43 of a femicircle, 
Tr ee 

ox,the angle GFH is £3 of two right angles, or of 1809, 

which is equivalent to 374 degrees, or 37° 8 343. 

2, On the ground, Place a furveying inftrament with 
its centre over the angular point to be meafured, turn- 
ing the inftrument about tillo, the beginning of its arch, 
fall in the line or direétion of one leg of the angle ; 
then turn the index about to the dire€tion of the other 
leg, and it will cut off from the arch the degrees an- 
{wering to the given angle. 

To plot or lay down any given angle, either on paper 
oron the ground, may be performed in the fame man- 
ner; and the method is farther explained under the 
articles PLorrine and Prorractine, and under the 
names of the feveral inftruments. « 

To biftf a given angle, as fappofe the angle LKM. 
From the centre K, with any radius, defcribe the arc 
LM; then with the centres L and M, deferibe two 
arcs interfeghing in N; and draw the line KN, which 

e given angle LKM, dividing it into the 
two equal angles LEN, MKN. 





$0 trife& an angle, fee Trisaction. 

Pappus, in his: Mathematical Colleétions, book 4, 
‘eats of angular fections, bat particularly and more 
largely, of trife€tions. He alfo treats of any feétion in 
general, in the 36th and following propofitions, 

Angurs are of vatious kinds and denominations. 
With regard to the form of their legs, they are di- 
vided into rectilinear, cumviljnear, and mixed. 

ReBilinear, or right-lined Ax cue, is that whofe legs 
are both right.Jines ; as the foregoing angle CAB. 

“Curvilinear ANGLE, is that’ whole legs are both of 
* them curves. 
Mixed, or mixtilineay Axcis, is that of which one 


: _kg is a right line, and the other a curve. 


ith regard to their magnitude, angles are again di- 
¥ided into right and oblique, acute and obtufe, 
Right Axcie, $s that which is formed by one line 
rpendicular tg! another; or that which is fubtended 
aquadrant ofacircle. As the angle BAC.—There- 
fore the meafure of a right angle is a quadrant of a 


circle, or goo; and confequently all right angles are. 


equal to each other. 
Oblique Aw Gue, is a common name for any angle that. 

isnot a right one ; and it is either acute or obtufe. 
You. I 
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- Acute Axcee, is that which is lefs than a right 
angle, or lef than go degrees; as the ghgle BAD. 
And é: 


Obtufe ANGLE, is greater than a right angle, or whofe 
meafure exceeds 90 degrees; as the angle BAE, 

With regard to their fituation in refpe@ of each 
other, angles are diftinguifhed into contiguous, adjacent, 
vertical, oppofite, and alternate. 

Contiguous ANGLRS, are fuch as have the famé vertex, 
and one leg common to both. As the angles BAD, 
CAD, which have AD common. 

Adjacent AwGues, are thofe of which a Jeg of the 
one produced forms a leg of the other: as the angles 
GFH and IFH, which have the legs IF and FG in a 
ftraight line. —Hence adjacent angles are fupplements 
to each other, making together 180 degrees, And 
therefore if one of thele Ee given, the other will be 
known by fubtraéting the n one from 180 degrees, 
Which property. is ufeful in furveying, to find the 
quantity of an inacceflible angle ; viz, meafure its ad- 
jacent acceffible one, and fubtratt this from 180 degrees, 
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Vertical or oppofite AncLes, are fuch as have their 
Jegs mutually continuations of each other ; as the two 
angles a and 4, or cand d.—The property of thefe is, 
that the vertical or oppofite angles are always equal to 
each other, viz, Za=26,and Ze 2d. And 
hence the.quantity of an inacceffible angle of a field, | 
aS may be found, by meafuring its acceffible oppofite 
angle. 

Dciatii Ancugs, are thofe made on the oppofite 
fides of a line cutting two parallel lines ; fo, the angles 
eand f, or g and 4, are alternates,. And thefe are al- 
ways equal to each other; viz, the Le= A f,or ag 
=L44, 
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External Anaues, are the angles of a figure made 
without it, by producing its fides onwards ; as the an- 
gles z, 4, /, m. All the external angles of any right- 
lined figure, taken together, are equal to 4 right an- 
gies ; and the external angle of a triangle is equal to 
both the internal oppofite ones taken together; alfo 
any external angle of a trapezium infcribed ina circle, 
is equal to the internal oppofite angle. 

Internal Ancues, are the angles within any figure, 
made, by the fides of it; as the angles 1, o, p, g.—In 
any right-lined figure, an internal angle as, and its ad- 
jacent-external angle 4, together make two right angles, 
or 180 degrees; and all the internal angles x,.0, p, ¢,. 
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taken together, make twice as many right angles, want- 
ing 4 nee angles; alfo any. two oppofite internal an- 

- gles ofa apezium infcribed in a circle, taken toge- 

ther, make two right angles, or 180 degrees. 

Homologous, or like Ancuss, are fach angles in two 
figures, as retain the fame order from the firft, in both 

figures. A 

ANGLE out of the centre, as G, is one whofe vertex 
is not in the centre of the circle—And its meafure is 


até 
2 


half the fam 





of the arcs intercepted by its legs 
—4 
when it is within the circle, or half the differences—= 


when it is without. 
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ANGLE at the centre, is an angle whofe vertex is in 
the centre; as the angle AFC, formed by two radii 
AF, FC, and meafured by the arc ADC.—An angle 
at the centre, as AFC, is always double of the angle 
ABC at the circumference, ftanding upon the fame arc 
ADC; and all angles at the centre are equal that ftand 
upon the fame or equal arcs: alfo all angles at the 
centre, are proportional to the arcs they ftand upon ; 
and fo alfo are all angles at the circumference. 





Anos at the circumference, is an angle whofe vertex 
%s fomewhere in the circumference of a circle ; as the 
angle ABC, 

ANGLE in a fegment, is an angle whofe legs meet the 
extremities of the bafe of the fegment, and its vertex 
is anywhere in its arch; as the angle B is in the feg- 
ment ABC, or ftanding upon the fupplemental feg- 
ment ADC ; and is comprehended between two chords 
AB and BC.—An angle at the circumference is mea- 
fured by half the arc ADC upon which it ftands; and 
all the angles ABC, AEC, in the fame fegment, are 
equal to each other. ; 

ANGLE in @ femicircle is an angle at the circum- 
ference contained in a femicircle, or fanding upon a 
femicircle, or on a diameter. — An angie in a femicircle, 
is always a right angle; in a greater fegment, the 
angle is lefs, and in a lefs fegment the angle is greater 
than a right angle. 

ANGLE of a fegment, is that made by a chord witha 
tangent, at the point of contact, So IHX is the 
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angle of the lefs fegment IMH, and IHL, the angle © 
of the greater fegment INH.—And the meafure of 
each of thefe angles, is half the alternate or fupple- 
mental fegment, or equal to the angle in it; viz, the | 
2 IHK = 2 INH, and the 4 IHL = 24 IMH. my 

ANGLE of a femicircle, is the angle which the dia- 
meter of a circle makes with the circumference. And 
Enclid demonftrates that this is lefs than a right angle, 
but greater than any acute angle, 


# 
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ANGLE of conta, is that made by a curve line and 
a tangent to it, at the point of contact; as the angle 
TAK. Jt is proved by Euclid, that the angle of con- 
ta& between a right line and a circle, is le than any 
right-lined angle whatever ; though it does not there- 
fore follow that it-is of no magnitude or quantity. 
This has been the fubject of great difputes amongt 
Serta in which Peletarius, Clavius, Taquet, 
‘allis, &c, bore a confiderable fhare; Peletarius and 
Wallis contending that'it is no angle atgall, againit 
Clavius, who rightly afferts that it is not abfolutely 
nothing in itfelf, but only of no magnitude in comparifon 
with a right-lined angic, being a quantity of a dif- 
ferent kind or nature; like as a line in refpedl ta fure 
face, or 2 furface in refpe& to a folid, &c. And fince 
his time, it has been proved by Sir Ifaac Newton, and 
others, that angles of contact can be compared to each 
other, though not to right-lined angles, and what are 
the proportions which they bear toeach other. Thus, the 
circular angles of contaét IHK, IHL, are to each other 
in the reciprocal fubduplicate ratio of the diameters 
HM, HN. And hence the circular angle of contact 
may be divided, by defcribing intermediate circles into 
any number of parts, and in any proportion. And if, 
inftead of circles, the curves be parabolas, and the 
point of conta& H the commorkvertex of their axes; 
the angles of contaét would then be reciprocally in the 
fubduplicate ratio of their parameters. But in fuch 
elliptical and hyperbolical angles of contact, thefe will 
be reciprocally in the fubduplicate of the ‘ratio cum- 
pounded of the ratios of the parameters, and the 
tranfvere axes. Moreover, if TOQ be a common pa- 
rabola, to the axis OP; and tangent VOW, and whofe 
equation is 1 X x == y*, or x == 9%, where.» is the ab- 
fcifs OP, and y the ordinate PQ, ‘de parameter being 1; 
and if OR,.OS, &c, be other parabolas to the fame 
axis, tangent, and parameter, their ordinate y being PR, 
or PS, &c, and their equations x == yi, x= y+, x = 75, 
&c: then the feries of angles of conta& will be in fuc- 
ceffion infinitely greater than each other, viz, the angle 
of contatt WOQ infinitely greater than WOR, and 
this infinitely greater than WOS, and fo on infinitely. 
And farther, between the angles of conta of any 
two of this kind, may other angles of contact be found 
ad infinitum, which fhall infinitely exceed each other, 
3 and 
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and-yet the greateft of them be infinitely lefs than the 
fmaileft right-lined angle. So alfo x7 = y', x3 = 54, 
at = 95, &c, denote a feries of curves, of which every 
facceeding one makes an angle with its tangent, in- 
;-..finitely greater than the preceding one; and the leait 
of thefe, viz, that whofe equation is x* = 3, or the 
femicubical parabola, is infinitely greater than any cir- 
cular angle of contaét. 

Ancuesare again divided intoplane, fpherical,and folid. 

Plane Anus, are all thofe above treated of; which 
are defined by the inclination of two lines in a plane, 
meeting in a point. 

Spherical ANGLE, is an angle formed on the farface 
of a {phere by the interfe€tion of two great circles; or, 
itis the inclination of che planes of the two great circles. 

The meafure ofa fpherical angle, is the arc of a great 
circle of the fphere, intercepted between the two planes 
which form the angle, and which cuts the faid planes at 
right angles. For their properties, &c, fee Spuers, 
SpaeaicaL, and SenericaL TRIGONOMETRY. 

Solid ANGLE, is the mutual inclination of more than 
two planes, or plane angles, meeting in a point, and 
not contained in the fame plane; like the angles or 
corners of folid bodies. For their meafure, properties, 
&c, fee Soritp Angle. 

Angles of other lefs ufual kinds and denominations, 
are alfo to be found in fome books of Geometry. As, 

Horned ANG 8, angulus cornutus, that which is 
made by a right line, whether a tangent or fecant, with 
the circumference of a circle. 

Lunular AnGue, angulus lunularis, is that which is 
formed by the interfection of two curve lines, the one 
concave, and the other convex. 

Cifeid ANGLE, angulus ciffaides, the inner angle made 
by two fpherical convex lines interfeéting each other. 

Sifroid ANGLE, angulus fiftroides, is that which is in 
form of a fiftrum. 

Pelecoid ANGLE, angulus pelecoides, is that in form of 
a hatchet. 

Ancie, in Trigonometry. See Teiancie, Tri- 
GONoMETRY, Sins, TANGENT, Ge. 

Ancue, in Mechanics.—Angle of Direétion, is that 
which is comprehended between the lines of direction 
of two conépiring forces. 

Ana@Le of Elevation, is that which is comprehended 
between the line of direétion and any plane upon which 
the projection is made, whether horizontal or oblique. 

ANGLE of Incidence,-is.that made by the line of di- 
rection of an impinging body, at the point of impact. 
4s the angle ABC, 

Gh Ancre of Reflection, is that made by the line of di- 
reQion: of the reflected body, at the point of impact. 
As the angle DBE... 

Inftead gf the angles of incidence and refleGion being 
eftimated from the plane on which the body impinges, 
fometimes the complements of thefe are underftood, 
viz, as eftimated from a perpendicular to the reflecting 
plane; as the two.angles ABF and DBF. 
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Anaxe in Optics.—Vifual, or Optic Angle, is the 
angle included between the two rays drafn from the 
two extreme points of an obje@ to the centre of the 
pupil of the eye: asthe angle HGI, The apparent 
magnitude of objedts is greater or lef, according to the 
angle under which they appear.—-Objedts feen under 
the fame or an equal angle, always appear equal.—The 
leaft visible angle, or leaft angle under which a body can 
be feen, according to Dr. Hock, is one minute; but 
Dr. Jurin Mews, that at the time of his debate with 
Hevelius on this fubject, the latter could probably dit 
cover a fingle ftar under fo fmall an angle as 20”, But 
bodies are vifible under fmaller angles as they are more 
bright or Juminous. Dr. Jorin ftates the grounds of 
this controverfy, and difcuffes the queftion at large, in 
his Effay upon diftinct and indifiinét Vifion, pubiithed 
in Smith’s Optics, pa. 148, & fg. 

ANGLE of the interval, of two places, is the angle 
fubtended by two lines directed from the eye to thole 
places. 

Ancue of incidence, or reflection, or refraction, &e. 
See the refpeétive words Incrpence, Rarvection, 
Rerracrion, &c. 

ANGLE in dffronomy.—Angle of Commutation. See 
CommuTarion, 

Anse of elongation, or Angle at the Earth, See 
E.onearion. ; » 

Parallafic Ancur, or the parallax, is the angle 
made at the centre of a ftar, the,fun, &c, by two lines 
drawn, the one to the centre of the earth, and the other 
to its furface. See ParaLLacric, and PaRALLAx. 

ANGLE of the pofition of the ar, of the fun's apparent 

Simi-diameter, &c. See the refpective words. 

ANGLE at the fun, is the angle under which the 
on of a planet from the ecliptic, is feen from the 
fun. 

ANGLE of the Eaf. See Nonacestmau, : 

Awcxe of obliquity, of the ecliptic, or the angle of 
inclination of the axis of the earth, to the axis of the 
ecliptic, is now nearly 23° 28’, See Onciquity, and 
Eciipric. 

Ancue of longitude, is the angle which the circlé of 
a ftar’s longitude makes with the meridian, at the pole 
of the ecliprit. ; 

Ano e of right afcenfion, is the angle which the 
circle of a ftar’s right afcenfion makes with the me- 
ridian at the pole of the equator. 

AnG ie in Navigatio& Ancie of the rbumb, or 
loxcdromic angle. See Ruums and Loxopromic. 

AnGtes, in Fortification, are undeiftood of thofe 
formed by the feveral lines ufed in fortitying, or making 
a place defenfible. 

Thefe are of two forts; real and imaginary.—-Real 
angles are thofe which aétually exift and appear in the 
works. Such asthe flanked angle, the angie of the epaule, 
angle of the flank, and the re-entering angle of the counter- 
fearp. Aniaginary, or occult angles, are thofe which 
are only fubfervient to the conitru€tion, and which 
exift no more after the fortification is drawn. - Such as ~ 
the angle of the centre, angle of the polygon, flanking angle, 
Sfaliant angle of the counterfcarp, &c. 

AxGLeE of, or at, the centre, is the angle formed at the 
centre of tne polygon, by two radii drawn frem the 
centre to two adjacent angles, and fubtended by a fide 
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angle ACB. This is found by dividing 


of it, as ¢ 
* the number of fides in the regular po- 


360 degrees ‘by 
lygon. 
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Anext of the Polygon, is the angle intercepted be- 
tween two fides of the polygon; as DAB, or ABE. 
This is the fupplement of the angle at the centre, and 
js therefore found by fubtracting the angle C from 
180 degrees. 

Ancte of the Triangle, is half the angle of the po- 
lygon; as CAB or CBA; and is therefore half the 
fupplement of the angle C. at the centre. 

Ancux of the Bajlion, is the angle FAG made by 
the two faces of the bafjon, And is otherwife called 
the flanked angle. 

Dininijhed ANGLE, is the angle BAG made by the 
meeting of the exterior fide of the polygon with the 
face AG of the baltion. 

ANGLE of the curtin, or of the flank, is the angle 
GHI made between the.curtin and the flank. 

ANGLE of the epaule, or fboulder, is the angle AGH 
made by the flank and the face of the baftion. 

An Gu of the tenaille, or exterior flanking angle, is 
the angle AKB made by the two rafant lines of de- 
fence, or-the faces of two baftions produced. 

ANGLE of the counterfearp, is the angle made by the 
two fides.of the countericarp, meeting before the middle 
of the curtin. 

AsGuie, flanking inward, 
flanking line with the curtin, 

ANGLE forming the flank, 
flank and one demigorge. 

ANGLe forming the face, 
flank.and one face. 

ANGLE of the moat, is that made before the curtin, 
where it is interfected. 

Re-entering, or re-entrant AnGue, is that whole 
agin is turned inwards, towards the place; as H 
or I. 

Saliant, or fortant Axcut, is that turned outwards, 
advancing its point towards the field; as A or G. 

Dead Ancue, is a re-entering angle, which is not 
flanked or defended. 

Amour of 4 wail, in Archite&ure, is the point or 
corner where the two fides or faces of a wall meet. 

Ancues, in Afrology, denote certain houfes of a 
figure, or {cheme of the heavens. So the horofcope of 
the firt houfe, is termed the angle of the ea/?. 

ANGUINEAL Aijperécla, a name given by Sir 
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is the angle made by the 
is that confifting of one 


is that compofed of one 
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I. Newton to four of his curves of the feeond order; 
viz, fpecies 33, 34, 35» 36, exprefled by the equation 
ay ey ext tt bx? 4 cx +d; being hyperbolas 
of a ferpentine figure. See Curves. 

ANGULAR, fomething relating to, 
angles. | 

At a diftance, angular bodies appear round $ the an- 
gles and {mall inequalities difappearing at a much lefs 
diftance than the bulk of the body. 5 

ANGULAR Motion, is the motion of a body which 
moves circularly about a point; or the variation in the 
angle deferibed by aline, or radius, connecting 2 body 
with the centre about which it moves.—Thus, a pen- 
dulum hes an angular motion about its centre of mo- 
tion; and the planets have an angular motion about 
the fan.—Two moveable points M 
and O, of which the one defcribes L 
the arc MN, and the other the are 
OP, in the fame time, have an equal, 
orthefameangular motion, although 
the real motion of the point O be 
much greater than that of the point 
M, viz, as the arc OP is greater than 
thearc MN. The angular motions of revolving bodies, 
as of the planets about the fun, ave reciprocally propor- 
tional to their periodic times. And they are alfo, as 
their real or abfolute motions direétly, and as their ra- 
dii of motion inverfely. 

AnGuLar motion is alfo akind of compound motion 
compofed of a circular and a rectilinear motion ; like 
the wheel of a coach, or other vehicle. 

ANIMATED sceale, a needle touched with a mag. 
net or load-ftone. . 

ANNUAL, in Afronomy, fomething that returns 
every year, or which terminates with the year. 

ANNUAL motion of the earth. See Bart. 

Anwnuat argument of longitude, See ARGUMENT. 

Annuat epads, See pact. 

ANNUAL equation of the mean motion of the fun and 
moon, and of the moon's apogee and nodes. Sec Equa~ 
TION. 

ANNUITIES, a term for any periodical income, 
arifing from money lent, or from houfes, lands, falaries, 
penfions, &c ; payable from time to time ; either an- 
nually, or at other intervals of time. 

Annuities may be divided into fuch as are certain, 
and fuch as depend on fome contingency, as the continu- 
ance of a life, &c. 

Annuities are alfo divided into annuities in pofe/ion, 
and annuities in reverfon ; the former meaning fuch as 
have commenced ; and the latter fuch-as will not com- 
mence till fome particular event has happgned; or till 
fome given period of tyme has elapfed- 

Annuities may be fart her confdered as payable cither 
yearly, or half yearly, or quarterly, &e. 

The prefent valve of an annuity, is that fam, which, 
being improved at intereft, will be fafficient to pay the 
annuity. 

The prefent value of an annuity certain, payable yearly, 
is calentated in the following manner.—Let the annuity 
be r, and Ict r denote the amount of 1/. for a year, or 
1/. increafed by itsintereft for one year. Then, 1 being 
the prefent value of the fam r, and having to find the 
prefent value of the fam 1, it will be, by proportion, 

4 dius; 
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thus, rirssi: > the prefent value of 1/, due a 


year hence. In like manner = will be the prefent va- 
2 i 


1? . 
>: pa lnlike 


lue of 1/. due 2 years hence; forz: 1:: 
manner % nt] TS &c, will be the prefent value of 
rs rt S 

f2 dae at the end of 3, 4, 5, &c, years refpectively 5 

and in general, 1 will be the value of 1/. to be received 
Pp 

after the expiration of » years. Confequently the fum 
Poff. e,4 - 

of all thefe, or +3 +5 + 5 + &c, continued to 

a terms, will be the prefent value of all the z years an- 


nuities. And the value of the perpetuity, is the fam of 
the feries continued ad infinitum. 


But this feries, it is evident, is a geometrical pro- 
: I 

greflion, whofe firft term and common ratio are eack— , 
Tr 


and the number of its terms #; and therefore the fum s 
ofall the terms, or the prefent value of all the annual 


ayments, will be : ee 
2 
Pay : ramioopeer or 


When the annuity is a perpetuity, it is plain that 
t : 1 1 

the laft term — vanifhes, and therefore -—— x — alfo 
mr ri or 

vanithes; and confequently the expreflion becomes 


barely s == ——; that is, any annuity divided by its 


r—1 


interefR for one year, is the value of the perpetuity. 


. : 00 
So, if the rate of jntérelt be 5 per cent; then 7 = 20 


100 


is the value of the perpetuity at 5 percent. Alfo 7 


c= 25 is the value of the perpetuity at 4 percent. And 


100 : ‘ 
—- = 33} is the value of the perpetuity at 3 per cent. 


intereft, And fo on, 

_ If the annuity is not to be entered on immediately, 
but after a certain number of years, as m years; then 
the ptefent value of the reverfion is equal to the differ- 
ence between two prefent values, the one for the firft 
term of m years, and the other for the end of the lait 
term #: that is, equal to the difference between 


F] 1 1 1 1 1 
ae a Xe and —— ~~ — X-, OF = 
yoo! rr r—t rk rm 
Tt x t 
ae 


Annuities certain differ in value, as they are made 
Payable yearly, balf-yearly, ox quarterly. And by pro- 
ceeding as above, ufing the intereft or amount of a 
Aalf year, or a quarter, as thofe for the whole year were 
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ufed, the following fet of theorems will arjfe; where r 
denotes, as before, the amount of 1/, and its intereft for 
a year, and » the number of years, during which, any 
annuity is to be paid; alfo P denotes the perpetuity 


1 1 1 I 
—-, Y denotes—-—- ——— x— the value of the 
71 r—Io orl rm 


annuity fuppofed payable yearly, H the value of the 
fame when it is payable half-yearly, and Q the value 
when payable quarterly ; or univerfally, M the value 
when it is payable every m part of a year. 


Tueor.t. YSP—P x Cy. 


T H=P—P x (—-)" 
ra AEOR: 2, =P—Px \Gornd) 7" 


e 
Tueor.3. Q=P—P x ) . 


wm Ld 
Tuzor.4. MasP—P x Greet ’ 


Examplei. 


Let the rate of intereft be 4 per cent, and the term 
5 years; and confequently r= 1'04,a == 5, P = a5; 
alfo let == 12, or the intereft payable monthly in 
theorem 4: then the prefent value of fuch annuity of 
1/, a year, for 5 years, according as it is fuppofed pay- 
able 1/ yearly, or 4/. every half year, or 34. every quare 
ter, or J. every month or 7th part of a year, will 
be as follows : 
= 25 — 25 X 1821928 = 474518 
H = 25 = 25 X 820348 = 474913 
Q = 25 — 25 XK 819543 = 4°5114 
M= 25 — 25 % °818996 = 4°5251 
Exampce 2. Suppofing the annuity to continue 25 
years, the rate of intereft and every thing elfe being as 
before ; then the valnes of the annuities for 25 years will 
be 
Y= 25 — 25 & *975118 = 15 °6227 
Hea 25 — 25 % °371527 = 157118 
Q = 25 — 25 “369709 = 157573 
M = 25 =~ 25 X °368477 = 15°7885 
Examexe 3. And if the term be 50 years, the vae 
lues will be 


== 25 — 25 X 140713 = 214822 
H = 25 — 25 X 1138032 = 21°5492 
Q = 25 — 25 X 1136685 = 21°5829 
M = 25 — 25 X °135775 = 2170056 


Examere 4. Alfoif the term he 100 years, the 


values will be 
Y¥ = 25 -— 25 X “019800 = 2475050 
H = 25 — 25 X 019053 = 24°5237 
Q = 25 — 25 X 018683 = 24°5329 
M = 25 — 25 x 1018435 = 24°539% 

Hence the difference in the value by making periods 
of payments {maller, for any given term of years, is the 
more as the intervals are {maller, or the periods more 
frequent. The fame difference is alfo variable, both as 
the rate of intereft varies, and alto as the whole term 


of years a varies 5 and, for any given rate of intereft, 1¢ 
is 
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is evident that the difference, for any periods m of pay- 
ments, firft mereafes from nothing as the term » in- 
creafes, whents is 0, to fome certain finite term or value 
of x, when the difference D is the greateft or a maxi- 
mum; and that afterwards, as » increafes more, that 
difference will continually decreafe tonothing again,and 
vanith when x is infinite: alfo the term or value of #, 
for the maximum of the difference, will be different ac- 
cording to the periods of payment, or value of m. And 
the general value of, when the difference is a maximum 
between the yearly payments and the payments of m 
times in a year, is expreffed by this formula, viz, 
m+r—-i 





mi. 


[ Spenenanreneres 


Lr 


m+-r—t 








q= , where /, denotes the log- 


Ler. 





ml, 


arithm of the quantity following it. Hence, taking 
the different values of m, viz, 2 for half years, 4 for 
quarters, 12 for monthly payments, &c, and fubltituting 
in the general formula, the term or value of # for each 
cafe, when the difference in the prefent worths of the 
annuities, will be as follows, reckoning intereft at 4 per 
Gent, viz, 
wett 
h Lr Years 
25°3777 for half-yearly payments, 


z= ri = 


eho lr 





Lr 
Es = 25°3200 for quarterly payments, 


L—- i. 
om , 





t= 





oF 1) == 25°2543 for monthly payments. 
—ir 


12. . 
1z 





Annuities may aifo be confidered as in arrears, or as 
forborn, for any number of years; in which cafe each 
payment is to be eontidered as a fum put out to in- 
tereft for the remainder of the term after the time it 
becomes due. And as 1/. due at the end of 1 year, 
amounts to r at the end of another year, and to r* at 
the end of the 3d year, and to + at the end of the 4th 
year, and fo on; therefore by adding always the laft 
year’s annuity, or 1, to the amounts of all the former 
years, the fum of aj] the annuities and their interefts, 
will be the fum of the following geometrical feries, 
Ptrtr4 4 rt to 1, conti- 


nued till the laft term be °-', or till the number of 
terms be #, the number of years the annuity is forborn. 
Pome 


But the fam of this geometrical progreffion is 
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which therefore is the amount of 1/. annuity forborn for 
n years. And this quantity being multiplied by any 
other annuity a, inftead of 1, will produce the amount 
for that other annuity. j 

But the amounts of annuities, or their prefent values, 
are eafieft found by the two following tables of numbers 
for the annuity of 1/4 ready computed from the fore- 
going principles. 























Vasce l. 
The Amount of on Annuity of 11. at Comp. Interef. 
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To find the Amount of an annuity forborn any number of 
years. Take-out the amount from the si table, for the 
propofed years and rate of intcreft; then multiply it 
by the annuity-in queftion ; andthe produét will be 
its amount for the fame number of years and rate of 
intereit. 

And.the converfe to find the rate or time. 
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Exam. 1. To find how much an annuity of sol. will 
amount to in 20 years at 34 per cent. compound in. 
tereft.—On the line of 20 years, and in the column of 
3% per cent, ands 28-27968, which is the amount of 
an annuity of rf. for the zo years; and therefore 
28°27968 multiplied by so, gives 1413°984t. or 1413]. 
1gs. 8d, for the anfwer. 

Exam, 2. In what time will an annuity of zol. amount 
to 1000). at 4 per cent. compound intereft?—Here the 
amount of 10001. divided by 2ol. the annuity, gives 50, 
the amount of 11. annuity for the fame time and rate. 
Then, the neareft tabular number in the column of 4 
per cent. is 49°96758, which fanding on the line of 
28, fhews that 28 years is the an{wer. 

Exam. 3. If it be required to find at what rate of 
intereft an annuity of zol. will amount to roool. for- 
born for 28 years.—Here rooe divided by 20 gives 50 
as before. ‘Then looking along the line of 28 years, 
for the neareft to this number 50, I find 49°96758 in 
the column of 4 per cent, which: is therefore the rate 
of intereft required. 
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Exam. 1. To find the prefent value of an annuity of 
gol. which is to continue 20 years, at 34 per cent.— 
By the table, the prefent value of 41. for the fame rate 
and time, is 14°212403 therefore 14°2124 50 25 
7to-62l. or 710], 125. 4d. is the prefent value fought, 

Exam, 2. To find the prefent value of an annuity 
of zol, to commence 10 years hence, and then to con- 
tinue for 40 years, or to terminate 50 years hence, at 
4 per cent. intereft.—In fuch cafes as this, it is plain 
we have to find the difference between the prefent va- 
lues of two equal annuities, for the two given times; 
which therefore will be effeted by fubtracting the ta- 
bular value of the one term from that of the other, and 
multiplying by the anuuity. Thus, 





tabular value for 50 years 21748218 
tabular value for 10 years 8-1 10g0 
the difference 13°37128 
mult. by - - zo 
gives - - - 267-4256 


or 2671. 8s, Gd. the anfwer. 


The foregoing obfervations, rules, and tables, con- 
tain all that is important in the do@trine of annuities 
certain. And for farther information, reference may 
be had to arithmetical writings, particularly Malcolm's 
Arithmetic, page 595; Simpfon’s Algebra, fect. 16 ;. 
Dodfen’s Mathematical Repofitory, page 298, &c.; 
jones’s Synopfis, ch.103; Philof. Yranf. vol. Ixvi, 
page. 509. 

For what relates to the doGtrine of annuities on ives, 
fee Assurance, COMPLEMENT, EXPECTATION, 
Lire Annuirizs, Reverstons, Ge, 

ANNULETS, in Architefure, are {mall fquare 
members, in the Doric capital, placed under the quar- 
ter round. 

Annulet is afo vfed fora narrow flat moulding, com- 
mon to other parts of accclumm, as well as to the ca- 

ical; and fo called, becwmfe it encompafies the column 

around, 


ANO [ 


around. In-which fenfe annulet is frequently ufed for 
baguette, or little affragal. 

‘ANNULUS, a {pecies of VoLuTa. See alfo Rina. 

ANOMALISTICAL Year, in Affrenemy, called 
alfo periodical year, is the {pace of time in which the 
earth, or a planet, paffes through its orbit. The ano- 
maliftical, or common year, is fomewhat longer than 
the tropical year, by reafon of the preceflion of the 
equinox. 

And the apfes of all the planets have a like progref- 
five motion; by which it happens that a longer time is 
neceflary to arrive at the aphelion, which has advanced 
alitcle, than to arrive at the fame fixed ftar. For ex- 
ample, the tropical revolution of the fun, with refpect 
to the equinox, is 3654 sh 48™ ast 
but the fidereal, or return to the fame 

flar, z - - 365 & go Its 
and the anomaliftic revolution is 365 6 15 20; 
becaufe the fun’s apogee advances each year 65” with 
refpeét to the equinoxes, and the fun cannot arrive at 
the apogee till he has paffed over the 65"; more than 
the revolution of the year anfwering to the cquinoxes, 

To find the anomaliftic revolution, fay, As the whole 
fecular motion of a planet minus the motion of its 
aphelion, is to 100 years or 3155750000 feconds, fo is 
360° ta the duration of the anomaliftic revolution, 

ANOMALOUS, is fomething irregular, or that de- 
viates from the ordinary rule and method of other things 
of the fame kind. 

ANOMALY, in Afronomy, is an irregularity in the 
motion of a planet, by which it deviates from the 
aphelion or apogee ; or it is the angular diftance of the 
planet from the aphelion or apogee ; that is, the angle 
formed by the line of the apfes, and another line drawn 
through the planet. 

Kepler diftinguithes three kinds of anomaly ; mean, 
eccentric, and true. . 

Mean or Simple ANom Avy, in the ancient aftronomy, 
is the diftance of a planet’s mean place from the apogee. 
Which Ptolemy calls the angle of the mean motion. 

But in the modern aftronomy, in which a planet P is 
eonfidered as defcribing an ellipfe APB about the fun 
S, placed in one focus, it is the time in which the pla- 
net moves from its aphelion A, to the mean place or 
poiat of its orbit P. 





Hence, as the elliptic area ASP is proportional to 
the time in which the planet defcribes the arc AP, that 
area may reprefent the mean-anomaly.—-Or, if PD 
be drawn perpendicular to the tranfverfe axis AB, and 
meet the circle in D defcribeel on the fame axis; then 
the mean anomaly may alfo be reprefented by the cir- 
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cular trilineal ASD, which is always proportional to 
the elliptic one ASP, as is proved in my Menfuration, 
pr. 8, page 296, fecond edition.—Or, drawing SG 
perpendicalar to the radiys DC produced; then the 
mean anomaly is alfo proportional to SG + the circu- 
lar arc AD, as is demonftrated by Keil in his Zec#, 
Ajlron.—Hence, taking PH <= SG, the are AH, or 
angle ACH will be the mean anomaly in pradtice, as 
expreffed in degrees of acircle, the number of thofe 
degrees being to 360°, as the elliptic triliiwal area 
ASP, is to the whole area of the ellipfe ; the degrees 
of mean anomaly, being thofe in the arc AH, or angle 
ACH. : 

Eccentric ANOMALY, or of the centre, in the modern 
aftronomy, is the arc AD of the circle ADB inter- 
cepted between the apfis A and the point D determined 
by the perpendicular DPE to the line of the apfes, 
drawn through the place P of the planet. Or it is the 
angle ACD at the centre of the circle.—Hence the 
eccentric anomaly is to the mean anomaly, as AD to 
AD + SG, or as AD to AH, or as the angle ACD 
to the angle ACH. ‘ 

True or Equated ANomaxy, is the angle ASP at the 
fun, which the planet’s diftance AP from the aphelion, 
appears under ; or the angle formed by the radius vec- 
tor or line SP drawn from the fun to the planct, with 
the line of the apfes. 

The true anomaly being given, it is eafy from 
thence to find the mean anomaly. For the angle ASP, 
which is the true anomaly, being given, the point P 
in the ellipfe is given, and thence the proportion of the 
area ASP to the whole ¢llipfe, or of the mean anomaly 
to 360 degrees. And for this purpofe, the following 
eafy rules for practice are deduced from the properties 
of the ellipfe, by M. de Ja Caille in his Elements of 
Aftronomy, and M. de la Lande, art. 1240 &c of his 
aftronomy: 1ft, As the fquare root of SB the perihe- 
lion diftance, is to the fquare root of SA the aphelion 
diftance, fo is the tangent of half the true anomaly 
ASP, to the tangent of half the eccentric anomaly ACD, 
2nd, The difference DH or SG between the eccentric 
and mean anomaly, is equal to the produ&t of the ec. 
centricity CS, by the fine of SCG the eccentric ano- 
maly juft found. And in this cafe, it is proper to 
expre(s the eccentsicity in feconds of a degree, which 
will be found by this proportion, as the mean dif- 
tance 1: the eccentricity ; : 206264'8 feconds, or 
57° 17’ 44"°8, in the arch whofe length is equal to 
the radius, to the feconds in the are which is equal 
to the eccentricity CS; which being multiplied by the 
fine of the eccentric anomaly, to radius 1, as above, 
gives the feconds in SG, or in the arc DH, being the 
differenee between the mean and eccentric anomalies. 
ad, To find the radius vector SP, or diftance of the 
planet from the fun, fay either, as the fine of the true 
anomaly is to the fine of the eccentric anomaly, fo is 
half the lefs axis of the orbit, to the radius vector SP ; 
or as the fine of half the true anomaly is to the fine of 
half the eccentric anomaly, fo is the fquare root of 
the perihelion diflance SB, to the fquare root of the 
radius vettor or planet’s diftunce SP. 

But the mean anomaly, being given it is not fo eafy 
to find the true anomaly, at leait by a direct procefs. 
Kepler, who firft propofed this problem, could not find 

. a direet 
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"a dire way of refolving it, and therefore made ile of 


~ ‘an indireét one, by the rule of falfe pofition, as may he 
feen page 695 of Kepler's Epitom. Afron. Copernic. See 
alfo § 628 Wolfius H/em. Aron. Now the eafieft me- 
thod of performing this operation, would be to work 
firtt for the eccentric anomaly, viz, affume it nearly, and 
from it fo aflumed compute what would be its mean 
anomaly. by the rule above given, and find the differ- 
ence between this refult and the mean anomaly piven; 
then aflame another eccentric anomaly, and proceed in 
the faine way with it, finding another computed mean 
anomaly, and its difference from the given one; and 
treating thefe differences as in the rule of pofition for 
a nearer value of the eccentric anomaly: repeating the 
operation till the refult comes out exaét, ‘hen, from 
the eccentric anomaly, thus found, compute the true 
anomaly by the rit rule above laid down. 

Of this problem, Dr. Wallis firit gave the geome- 
trical olution by mexns of the protracted cycloid ; and 
Sir Haac Newtontlid the fame at prop. 31 4d. 1 Prine 
cp. But thefe methods being unfit for the purpofe of 
the practical aftronomer, varices feries for approxima- 
ticn have been given, viz, feveral ty Sir Ifaac Newton 
in his Fragmenta Epificlarum, gage 26, as alfo in the 
Schol. to the prop, above-mentioned, which is his beit, 
being not only fit for the planers, bat alfo for the 
comets, whole orbits are very eccentric. Dr, Gregory, 
in his ciffron, lib. 3, Las allo given the folution by a fe- 
ries, as well as M. Reynean, in his dus/ye Demontrée, 
page 713, &c. And a better itill for converging is 

iven by Keil in his Praled. cifron. page 376 3 he fays, 
if the arc AH be the mean anomaly, calling its fine e, 
cofine f, the eccentricity g, alfo purting x == ge, and 
a= 1 +43 then the eccentric anomaly AD will be 
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&e), fupppoling r = 57-29578 de. 
grees; of which the firft term = is fufficient for all the 


planets, even for Mars itfelf, where the error will not 
exceed the zooth part of a degree; and in the orbit of 
the earth, the error is lefs than the 10000th part of 
a degree. : * 

Dr. Seth Ward, in his Afronomia’ Geometrica, takes 
the angle AI'P at the other focus, where the fun is not, 
for the mean anomaly, and thence gives an elegant fo- 
Iution. But this-methed is not faficiently accurate 
when the orbit is very eccentric, asin that of the planet 
Mars, as is thewn by Bullialdus, in his defence of the 

. Phillaic. Aftron. againit Dr, Ward. However, when 
Newton’s correétion is made, as in the Schol. above- 
mentioned, and the problem refolved according to 
Ward’s hypothefis, Sir Ifaac affirms that, even in the 
orbit of Mars, there will fcarce ever be an error of 
more than one fecond. F 

ANSZS, Anses, in dfronomy, thofe feemingly pro- 
minent parts of the ring of the planet Saturn, difcovered 
in its opening, and appearing like handles to the body 
of the planet ; from which appearance the name an/e 
is taken. 

ANSER, in 4froxomy, a {mall flar, of the sth or 
6th magnitade, in the milky-way, between the eagle 
and fwan, firft brought into order by Hevelius. 

Vou. L 
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ANTARCTIC pol, denotes’ the fouthern pole, of 
fouthern end of the earth’s axis—The ftars near the 
antarétic pole never appear above our horizon in thefe 
latitudes. 

ANTARCTIC circle, is a fmall circle parafiel tothe 
equator, at the diflance of 23° 28’ from the antarétic 
or fouth pole.—At one time of the year the fun never 
rifes above the horizon of any part within this circle ; 
and at other times he neger fets, 


ANTARES, in Aitronomy, the fcorpion’s heart; . 


a fixed flar of the Erit magnitude, in the conftellation 
Scorpio, 

ANTECANIS, is ufed by fome aftronomers, to 
denote the conftellation otherwife called canis minor, or 
the ilar procyom It is fo called, as preeeding, or being 
the -forerunner of the canis mejor; and rifing a little 
before it.n 

ANTECEDENT, ofa ratio, denotes the firt of the 
two terms of the ratio, or that term which is compared 
with the other. ‘Vhus, if the ratio be 2 to 3, or ato b3 
then 2 or a is the antecedent. 


ANTECEDENTAL Methed, is a branch of gene- ° 


ral geometrical proportion, or univerfal comparifon, 
and is derived from an examination of the Antecedents 
of ratios, havin given confequents, and a given ftand- 
ard of comparifon, in the variousde =... uf augmen- 
tation and diminution, which they u.udergo by compo- 
fition and decompofition, This isa method invented by 


Mr. James Glenie, and publithed by him in 1793; 2° 


method which he fays he always ufed inftead of the 
Aluxional and differential methods, and which is totally 
unconnetied with the ideas of motion and time. 
the author’s treatife above-mentioned, and alfo ‘his 


Doétrine of Univerfal Compzrifon, or General Propor- ~ 


tion, 1789, upon which it is founded. sk 
ANTECEDENTIA, a term ufed by aftronomers 

when a planet &c moves weftward, or contrary to the 

order of the figns aries, taurus, &¢.—Like as when it 


moves eaftward, or according to the order of the figns » 


aries, taurus, &c, itis then faid to move iz By ate rd 
ANTECIANS, or AnToEct, in Geography, the in- 
habitants of the earth which occupy the fame femicircle 
of the fame meridian, but equally diflant from the equa- 
tor, the one north and the other fouth ; as Peloponnefus 
and the Cape of Good Hope. % 
Thefe have their noon, or midnight, or any other 
hour at the fame time; but their feafons age contrary, 
being {pring to the one, when it is autumn with the other; 


and fummer with the one, when it is winter with the © ~ 


other; alfo the length of the day to the one, is equal 
to the length of night to the other. 


ANTES, in Architecture, are {mall pilaftres placed - 


at the corners of buildings. 

ANTICS, in Architecture, figures of men, ‘beafts, 
&c. placed as ornaments to buildings. 

ANTiCUM, in Architeture, a porch before a 
door ; alfo that part of a temple, which is called the 
outer temple, and lies between the body of the temple 
and the portico. 

ANTILOGARITHM, the complement of the loga- 
tichm, ofa fine or tangent, fecant, &c, to that of the radix 
us. 
wating each figure from 9, and the lait figure from 10, 
- R ANTINOUS 


See! 


This is iound by beginning at the left hand, fub-., 
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ANTINOUS, in Afronomy, a part of the conftella- 
tion aguila, or the eagle. ; 

ANTIOCHIAN Sea, or Academy, a name given 
to the fifth academy or branch of academics. Ik took 
its name. from being founded by Antiochus, a philofo- 
pher contemporary with Cicero; and it fucceeded the 
Philonian academy. Though Antiochus was really a 
ftoic, and only nominally an academic. 

Anriocutan epocha, a method of computing time 
from the proclamation of liberty granted to the city of 
Antioch, about the time of the battle of Pharfalia. 

ANTIPARALLELS, in Geometry, are thofe lines 
which make cqual angles with two other lines, but con-’ 
trary ways; that is, calling the former pair the firft and 
ad lines, and the latter pair the 3d and 4th Hines, if the 
angle made hy the rift and 3d lines be equal to the 
angle made by the 2d and 4th, and contrcriwife the 
angle made by the rit and 4th equal to the angle made 
by the 2d and 3d; then each pair of lites are anti- 
parallels with refpect to each other, viz, the firt and 
2d,and the 3d and 4th. So, if AB and AC be any two 
lines, and FC and FE be two others, cutting them fo, 

that the angle B is equal to the angle LE, 

and the angle C is equal to the angle D; 
then BC and DE are antiparallels with refpe& to AB 
and AC; alfo thefe latter are antiparallels with regard 
to the two former.—See alfo SusconTRARY. 

It isa property of thefe lines, that each pair cuts 
the other into proportional fegments, taking them al- 


ternately, 
AD:: DB: EC, 


viz AB: AC: 
and FE: FC: :FD:: DE: BC, 


7 AEs: 
: FB: 
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bular figure. But there have been many difputes spon 
this point, and the fathers of the church have greatly 
oppofed it, efpecially La@antius and Auguitinc, who 
langhed at it, and were greatly perplexedto think how 
men and trees fhould hang pendulous in the air with- 
their feet uppermoft, as he thought they muit do, in, 
the other hemifpiere. 

ANTISCIANS, or ANTISCHL, in Geography, are 
people who dwell in the oppofie her res of che 
earth, as to north and fouth, and whofe fhadows at 
noon fallin coutrary dire¢tions, This term is more 
general than axteci, with which it is often confounded,. 
The Antifcians ftand contradiftinguifhed froza Perifcians. 

Antisci1 is alfo afed fometimes, among Afrologers, 
for two points of the heavens equally didant from the 
tropics. Thus the figns Leo and Taurus are ace 
counted antifeii to each other. 

ANTCCI, fee Anrectans, 

APERTURE, in Geometry, is wled for the {pace left 
between two lines which mutually incline towards each 
other, to form an angle. 

Apzrrure, in Optics, is the hole next the objects 
glafs of a telefcope or microfcope, through which the 
Jight and the image of the object come into the tube, 
and are thence conveyed to the eye. 

Aperture is al’o underftood of that part of the oh« 
jeét-glafs itfelf which covers the former, aad which is. 
left pervious to the rays. 

A great deal depends upon having a juft aperture 
To find it experimentally : apply feveral circles of dark 
paper, of various fizes, upon the face of the glafs, from 
the breadth of a ftraw, to fuch as leave only a fmal! 












- hole in the glafs; and with each of thefe, feparately, 





ANTIPODES, in Geography, are the inhabitants 
of two. places on the earth which lie diametrically 
oppofite to each other, or that walk feet to feet; that 
is, ifa.line be continued down from our feet, quite 
through the centre of the earth, till it arrive at the fur- 
face on the other fide, it will fall on the feet of our 
Antipodesy and eee verfa. Antipodes are 180 de- 
grees diftant from each other every way on the furface 
of the globe ; they have equal Jatitudes, the one north 
and the other fouth, but they differ by 180 degrees of 
longitude: they have therefore the fame climates or 
degrees of heat and cold, with the fame feafons and 
length of days and nights; but al! of thefe at con- 
trary times, it being day to the one when it is night 
tothe other, fummer to the one, when it is winter 
to the other, &c: they have alfo the fame horizon, 
the other being as far diflant on the one fide, as the 
other on the other fide, and therefore when the fun, 
&c, rifes to the one, it fets to the other. The Anti- 
podes to-London are 2 part a litte fouth of New 
Zealand. 

It has been faid that Plato firft flarted the notion 
of Antipodes, and gave them the name; which is likely 
enough, as he conceived that the earth was ofa glo- 





view fome diltin& objegts, as the moon, ftars, &c;. 
then that aperture is to be chofen through which they 
appear the moft diftinly, 

Huygens firft found the ufe of apertures to conduce 
much to the perfection of telefcopes; and he found 
by experience [ Dioprr. prop. 56.] that the bef aperture 
for an objeét-glafs, for example of 30 feet, is to be de- 
termined by this proportion, as 30 to 3, fo is the {quare 
root of 30 times the diftance of the focus of any lens, 
to its proper aperture: and that the focal diffances 
of the eye-glaffes are proportional to the apertures, 
And M. Auzout fays he found, by experience, that the 
apertures of telefcopes ought to be nearly in the fabs. 
duplicate ratio of their lengths. It has alfo been 
found by experience that obje&t-glaffes will admit of. 
greater apertures, if the tubes be blacked within fide, . 
and their pafiage furnifhed with wooden. rings. 

It is to be noted, that the greater or lefs aperture. 
of an objeét-glafs, does not increafe or diminifh the 
vifible area of the object; all that is effeéted by this, 
is the admittance of more or fewer rays, and confe. 
quently the more or lefs bright the appearance of the 
obje&. But the largenefs of the aperture or focal 
diitance, caufes the irregularity of its refractions. 
Hence, in viewing Venus through a telefcope, a much . 
lefs aperture is to be uled than for the moon, or Jupi« 
ter, or Saturn, becaufe her light is fo bright and glare! 
ing. And this circumfance fomewhat invalidates and; 
diltarbs Auzout’s proportion, as is hewn by Dr. Hook, 
Philof. Tiaaf. No. 4. 

PHELION, or Arnettum, in Aftronomy, that 


point 
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Heit in the orbit of fhe earth, ora planet, in which 
‘aris at the greateft diftance from the fan, Which is 
the point A (in the fig. to the art, ANOMALY) oF €x- 
tremity of the tranfverfe axis, of the elliptic orbit, 
farthett from the focus S, where the fun is placed ; and 
diametrically oppofite to the perihelion B, or nearer 
extreinity of the fame axis, In the Ptolemaic fyitem, 
or in the fappofition that the fan moves about the earth, 
‘the aphelion becomes the apezee. 

The times of the aphclia of the primary planets, 
may be known by their apparent diameter appearing 
the fmalleft, and alfo by their moving floweit in a given 
time. Calculations and methods of finding them have 
been given hy many aflronomers, as Ricciolli, Almag. 
Nov. lib. 7, fe. 2 and 33 Wolfus, Elem. Aftron. 
§ 659; Dr. Halley, Pdisf. Tranf. No. 1283 Sir I. 
Newton, Princip. 1ib. 3, prop. 143 Dr. Gregory, Aftron. 
lib. 3, prop. 145 Keil, Afron. Led; De la Lande, 

Memoires de? Acad. 4755, 1737» 1796, and in his d/fron. 
liv, 225 alfo in the writings of MM, Euler, D’Alem- 
bert, Clairaut, &c, upon attraction. 

The aphelia of the planets are not fixed; for their 
mutual actions upon one another keep thofe points of 
their orbits in a continual motion, which is greater or 
lefs in the different planets, ‘This motion is made in 
confequentia, or according to the order of the figns ; 
and Sir 1? Newton fhews that it isin the fefquiplicate 
ratio of the diflance of the planet fiom the fin, that is, 
as the fquare root of the cube of the diftunce. 

‘the quantities of this motion, as well as the place 
of the aphelion for a given time, are varioufly given 
by diferent authors. Kepler flates them, for the year 





1700, as in the folowing table. 








Pianets. Aphelion. Annual Motion. 

















Mercury vp 80 25/30" 45” 

Venus Se 3 24.27 L 18 

Mars m © 51 29 1 7 

Jupiter m 8 10 40 ° 47 

Saturn f 28 3 48 1 10 

The Earth | g 8 25 30 

By De Ja Hire they are given as follows, for the fame 

year 1700. 

Pianets, Aphelioa. Annual Motion, 

Mercury . | #P 13° -3' 40% it 39" 
‘| Venus m= 6 56 10 a 20 
| Mars MN =O 35° 25 i 7 
Jupiter a 10 17 14 1 34 
Saturn f 29 4 4 1 22 
And’De la Lande fates them as follows, for the year 
1750- 

Planets. Aphelien. Secular Motion. 
Mercury 8 132 33° a2 57' 40” 
Venus 10 3 13 4 19 0 
Mars 5 1 28 1 $i 40 
Jupicer @ 10 22 I 43 20 
Saturn 8 29 $3 2 23 20 

| The Earth 9 8 48 r 49 10 
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OF the new planet, 'Herfchel, or Georgium Sidas, the 
aphelion for 1790 was 11° 23° 29/42", and itsannua! mo- 
tion 50”. See Connoiflance des Vemps, 1786 and 1787- 

APHRODISIUS, in Chronology, denotes the 
eleventh month in the Bythinian year, commencing on 
the 25th of July in ours. 

APIAN or Appian (Perer), called in German 
Bienewitz, a celebrated aftronomer and mathematician, 
was born at Leifnig or Leipfick in Mifnia, 1495, and 
made profeffor of mathematics at Ingolftadt, in 1524, 
where he died in the year 1552, at $7 years of age, 

Apian wrote treatifes upon many of the mathema~ 
tical iciences, and greatly improved them; more 
efpecially aftronomy and aftrology, which in that age 
were much the fame thing; alfo geometry, geography, 
arithmetic, &c, He purticalarly enriched aftronomy 
with manyxinftruments, and obfervations of eclipfes, 
comets, &c. His principal work was the dfronomicum 
Cafareum, pudlifhed in folio at Ingolifadt in 1540, 
and which containsa number of intereftiny obfervations, 
with the defcriptions and divifions of initruments. In 
this work he prediéts cclipfes, and conitruats the figures 
of them in plano. Inthe zd part of the work, or 
the Metcorafcopium Planum, he gives the defcripdon 
of the moft accurate aftronomical quadrant, and its ules. 
To it are added obfervations of five different comets, 
viz, in the years 1531, 1532, 1533, 1533, and 15395 
where he firit thew’s that the tails of comets are always 
projected in a dirc&ion from the fun. 

Apian alfo wrote a treatife on Cofmography, or Geo- 
graphical Inftradion, with various mathematical inftra- 
ments. This work Vottius fays he publithed in 1524, 
and that Gemma Frifius republished itin 1540. But 
Weidler fays he wrote it only in 1530, and that Gemma, 
Frifius publifhed it at Antwerp in 1550 and 15845 
with obfervations of many eclipfes. The truth may 
be, that perhaps all thefe editions were publithed. 

In 1533 he made, at Norimberg, a curious inflru- 
ment, which from its figure he called Felium Populi + 
which, by the fun’s rays, fhewed the hour in all parts 
of the earth, and even the unequal hour's of the Jews. 

In 1534 he publithed his Jnfcripriones Orbis. 

In 1540, his Inffrumentum Sinuwn, five Primi Mobilis, 
with 100 problems. 

Befide thefe, Apian was the author of many other 
: among which may be mentioned the Epbe- 
mevides from the year 1534 to 1570: Books upon 
Shadawwi ibmetical Centilogues > Books upon Arith- 
metic, with the Rule of Coft (Algebra) demonilrated : 
Upen Gang Alnanacs, with Alrolugical directions: 
A book upon Corjundious: Ptolemy, with very cor- 
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One of the comets obferved by Apian, viz, that of 
1532, had its clements nearly the fame as of one ob- 
ferved 1281 years after, viz, in 1661, by Hevelius and 
other Aftronomers; from hence Dr. Halley judged 
that they were the fame comet, and that therefore it 

_ might be expected to appear again in the beginning of 
the year 1789. But it was not found that it retarned 
at this period, although the aftronomers then looked 
anxioofly for it; and it is doubtful whether the dif- 
appointment might be owing to its pafling unobferved, 
or to any errors in the obfervations of Apian, or to its 
period being difturbed and greatly altered by the a@tions 
of the fuperior planets, &c. : 

APIS, mujca, the Bee, or Fly, in Aftronomy, one of 
the fouthern conttellations, containing 4 ftars. 

APOCATASTASIS, in Aftronomy, is the period 


of a planet, or the time employed in returning to the | 


fame point of the zodiac from whence it fet out. 
APOGEE, Apogeum, in Aftronomy, that point in 
the orbit of the fun, moon, &c, which is fartheft dif- 
tant from the earth. It is at the extremity of the line 
of the apfides; and the point oppofite to it”is called 
oe perigee, where the diftance from the earth is the 
eat. 


The ancient aftronomers, confidering the earth asthe - 


centre of tne fyftem, chiefly regarded the apogee and 
perigee: but the moderns, placing the fun in the cen- 
tre, change thefe terms for the aphelion and perihelion. 
~The apogee of the fun, is the fame thing as the 
aphelion of the earth; and the perigee of the fun is the 
fame as the perihelion of the earth. 

The manner of finding the apogee of the fun or 
moon, is fhewn by Ricciolus, d/mag. Nov. lib. 3, cap. 
243 by Wolfius in Elem. Afr. § 618; by Caflini, De 
Ja Hire, and many others: fee alfo Memoires de P dca- 
demie, the Philof. Tranf. vol. 5, 47, &¢. 

The quantity of motion in the apogee may be found 
by comparing two obfervations of it made at a great 
diftance of time; converting the difference into minutes, 
and dividing them by the number of years elapfed be- 
tween the two obfervations; the quotient gives the 
annual motion of the apogee. Thus, from an obferva- 
tion made by Hipparchus in the year before Chrift 140, 
by which the fun’s apogee was found 5° 30' of m1; 
and another made by Ricciolus, in the year of Chrift 
1646, by which it was found 7° 26’ of 93 ; the annual 
motion of the apogee is found to be 1” 2”. And the 
annual motion of the moon’s apogee is about 1* 10° 

52". 

But the moon's apogee moves unequably, When 
dhe is in the fyzygy with the fun, it moves forwards 5 
but in the quadratares, backwards; and thefe progre(- 
fions and regreffions are not equable; but it goes for- 
ward flower when the moon is in the quadratures, or 
perhaps goes retrograde; and when the moon is in the 
Syzygy, it goes forward the faltett of all.—See alfo 
Wewion’s ‘Uheory of the Moon for more upan this 
fubje&. 

APOLLOPORUS, a celebrated architect, under 
Trajan and Adrian, was born at Damafcus, and 
flourifhed about the year of Chrift 100. He had the 
direction of the ftone bridge which Trajan ordered to 
be built over the Danube in the year 104, Which was 
efteemed the mo magnificent of all the works of that 
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emperor. Adrian, one day as Trajan was difconrfin 
with this archite& upon the buildings he had raifed’ 
at Rome, would needs give his judgment, in which he- 
fhewed that he knew nothing of the matter. Apol- 
Jodorus turned upon him bluntly, and faid to him, Go 
paint Citruls, for you are very ignorant of the fubje& 
we are talking upon. Adrian at this time boafted of 
his painting Citruls well. This was the firit flep to- 
wards the ruin of Apollodorus; a flip which he was 
fo far from attempting to retrieve, that he even added .. 


“a new offence, and that too after Adrian was advanced 


to the empire, upon the following occafion: Adrian. 
fent to him the plan ofa temple of Venus; and though. 
he afxed his opinion, yet to fhew that he had no needs 
of him, and that he did not mean to be directed by it, - 
the temple was already built, Apollodorus wrote his ° 
opinion very freely, and remarked fuch effential faults 
in it, as the emperor could ncither deny nor remedy. 
He thewed that it was neicher high nor large enough; 
that the ftatues in it were difproportioned to its bulk : 
for, faid he, if the goddeffes fhould have a mind to rife 
and go out, they could not do it.. This put Adrian 
into a great pailion, and prompted him to the dettruc- 
tion of Apollodoras. He banithed him at firft; then 
under the pretext of certain fuppofed crimes, of which» 
he had him accufed, he at laft put him to death. 

APOLLONIUS, of Perga, a city in Pamplilia, was 
a celebrated geometrician who flourithed in the reign 
of Ptolemy Euergetes, about 240 years before Chrits 
being. about 60 years after Euclid, and 30 ycars later. 
than Archimedes. He: ftudicd a long time in Alex- 
andria onder the difciples of Nuclid; and afte d 
he compofed feveral curious and ingenious ge! 
works, of which only his books of Conic 
now extant, and even thefe not perfeét. For it ap- 
pears from the author’s dedicatory epiitle to Kudemus, 
frome neat in Pergamus, that this work conhited 
of 8 books; only 7 of which however have come down 
to us, 

From the Colleétions of Pappus, and the Comment- 
aries of Eutocius, it appears that Apollonius was the 
author of various pieces in: geometry, on account of 
which he acquired the title of the Great Geometriciane 
His Conics was the principal of them. Some have 
thonght that Apollonius appropriated the writings and: 
difcoveries of Archimedes; Heraclius, who wrote the. 
life of Archimedes, affirms it; though Eutocius en- 
deavours to refute him.. Although it fhould be allowed? 
a groundlefs fuppofition, that Archimedes was the firft 
who wrote upon Conics, notwithftanding his treatifea 
on Conics was greatly efteemed ; yet it is highly pre 
bable that Apollonius wou!d avail himfelf ofthe writings 
of that author, as well as others who had gone beforei 
him; and, upon the whole, he is allowed the honotiz: 
of explaining a dificult fubject better than had been. 
done before ; having made feveral improvements both- 
in Archimedes’s problems, and in Euclid. His work: 
upon Conics was donbtlefs the moft perfect of the kind 
among the ancients, and in fome refpeéts among the 
moderns alfe. Before Apollonius, it had been cuftome 
ary, as we are informed by Eutocius, for the writers, 
on Conics to require three different forts of cones to 
cut the three diferent fedtions from, viz, the parabola, 
from a right angled cone, the ellipfe from an acute, and 
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erbola from an obtufe cone; becaufe they al- 
4 ways luppofed the fections made by a plane cutting the 
Cones to be perpendicular to the fide of them: but 
Apolionivs cut his feétions all from any one cone, by 
only varying the inclination or pofition of the cutting 
plane; ar improvement that has been followed by all 
other author: fince his time. But that Archimedes 
was acquainted with the fame manner of cutting any 
Gone, is fufficiently proved, againft Eutocius, Pappus, 

‘ andothers, by Guido Ubaldus, in the beginning of 
his Commentary omthe 2d book of Archimedes’s Equi- 
Ponderantes, published at Pifa in 1 588. 

The firt four books of Apollonius’s Conics only 
have come down to us it their original Greek language; 
Dut the next three, the sth, 6th, and 7th, in an Arabic 
verfion; and the 8th not at all. Thefé have been 
commented upon, tranilated, and pubtithed by various 
authors. Pappus, in his Mathematical Collections, 
has left fome account of his various works, with notes 
and lemmas upon them, and particularly on the Conics, 
And Eutocius wrote a regular elaborate commentary on 
the propofitions of fevera! of the books of the Conics, 

The firtt four books were badly tranflated by Joan, 
Baptita Memmius. But a better tranflation of thefe 
in Latin was inade. by Commandine, and publithed at 
Bononia in 1566.—Vodffius mentions an edition of the 
Conics in 16503 the sth, 6th, and sth bouks being 
recovered by Golius,—Claude Richard, Profeflor of 
mathematics in the imperial college of his order at 
Madrid, in the ycar 1622, explained, in his public lec- 
tures, the firit four books of Apollonius, which were 
printed at Antwerp in .655, in folio.—And the Grand* 

uke Ferdinand the 2d, and his brother Prince Leo. 

old de Medicis, employed a profeffor of the Oriental 
angiages at Rome to tranflate the sth, 6th, and 7th 
books into Latin. Thefe were publifhed at Florence 
in 1661, by Borelli, with his own notes, who alfo 
maintains that the’e books are the genuine producti 
of Apollonius, by many flrong authorities, againtt 
. Mydorgius and others, .who fulpe@ted that thefe three 
books were not the real production. of Apolionius. 

As tothe Sth book, fome mention is made of it in 
a book of Golius’s, where he had written that it had 
not been tranflated into Arabic 3 becaufe ic was want- 
ing in the Greek. copies, from whence the Arabians 
tranflaced the others. But the learne:l Merfenne, in 
the preface to Apollonius’s Conics, printed in his Syn= 
opfis of the Mathematics, quotes the Arabic pnilofo- 
pher Aben Nedin for a work of his about the year 400 
of Mahomet, in which is part of that 8th book, and 

- who afferts that all the books of Apollonius are extant 
in his language, and even more than are enumerated 
by Pappus; and Voffius fays he has read the fame ; 
De Scientiis Mathematicis, Pa. $5.-—A neat edition of 
the firlt four books in Latin was publithed by Dr, 
Barrow, in 4to, at London in 16075.-—A magnificent 
edition of all the $ books, was publithed in folio, by 
Dy. Halley, at. Oxford, in 17103 together with the 
Lemmas of Pappus, and the Commentaries of Euto- 
cius, ‘The firft four in Greek and Latin, but the latter 
four in Latin only, the 8th book being reftored by 
himfelf. 

The other writings of Apollonius, 
Pappus, are, 
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1. The Seétion of 2 Ratio, 
tions, two books, 

2. The Se€tion of a Space, in two books, 

3- Determinate Seétion, in two books, 

4: The Tangencies, in two books. 

5. The Inclinations, in two books. 

6. The Plane Loci, in two books. 

The contents of all thee are mentioned by Pappus, 
and many lemmas are delivered relative to them; but 
none, or very little of thefe hooks themfelves have de« 
fcended down to the moderns. From the account 
however that has been given of their contents, many 
reftorations have been made of thefe works, by the 
modern mathematicians, as follaw : viz, 

Vieta, Apollonius Gallus. The Tangencies. Paris, 
1600, in gto. 

Shellius,. Apotlonias Batavus. 
Lugd. 1601, 4to. 

Snellius, Se&io Rationis & Spatii. 

Ghetaldus, Apollonius Redivivus, 
Venice, 1607, 4to. 

Ghetaldus, Supplement to the Apollonius Redivivus, 
Tangencies. 1607. 

Ghetaldus, Apollonius Redivivus, lib. 2. 1613, : 

Alex. Anderfon, Supplem. Apol. Redivivi. Incling. 
Paris, 1612, 4to, ane 

Alex. Anderfon, Pro Zetetico Apolloniani probfe- 
matis a fe jam pridem edito in Supplemento Apollonii 
Redivivi. “Paris, 1615, 4to. 

Schooten, Loca Plana reftituta. Lug. Bat. 1656, - 

Fermat, Loca Plana, 2 lib. Tolof. 1679, folio, 

Hailey, Apol. de Sg&tione Rationis libri duo ex Ara~ 
bico MS, Latine verft duo reftituti, Oxon. 1706, 8va. 

Sinfon, Loca Piana, libri duo, Glafg. 1749, 4to. 

Simfon, SeQio Determinat. Glafg: 1776, 4to, 

Horfley, Apol. Inclinat. libri duo. “Oxon. 1770, 4tO. 

Lawson, Lhe ‘Tangencies, in two bocks. Lond, 
1771, gto, 

Law/m, Determinate Se&ion, two books, Lond. 
1772, 400. 

Wales, Determinate Se&ion, two books. Londe 
i772, 4to. ; 

Burrow, Tae Taclinations. Lond. 1779, 4to. 

APONO (Perer de). a learned aftronomer and phi- 
lofopher, was born at Apono near Padua, about the 
year 1250, He defribed the Afrolabium Planum, by 
which were fhewn the equations of the celeftial houfes 
for any hour and minute, and for any part of the world: 
it was publited at Venice in 1502.” He accuired the 
name of the Conedliatcr, cnaccount of a book of his, in 
which he reconciles the writings of the ancient philo~ 
fophers and phyficians: the: boo' was publifhed at 
Venice in 1483. He refided at Padua, where, from « 
his practifing medicine, and his fkill in aftronomy, né 
fell under the ivion of mag's, He died in 1316, 
at 66 years of ag: 

APOPHYGE, in Archite@ure, is a concave part or 
ring of a colamn, lying above or be.ow the flat members 
and it owes its origin to the ring-by which the ends of 
wooden columns were neoped, to prevent them from 
fplittin 

” AY ULOME, che remainder or difference between 
two Hnes or quantities which are only commenfurable - 
in power, Such js the difference between 1 and 4/2,- 
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or the difference between the fide of the fquare and 

its diagonal. 

The term is ufed by Euclid; and a pretty fall ex- 
planation of fuch quantities is given in the tenth book 
of his Elements, where he diitinguithes fix kinds of 
apotomes, and thews how to find them all geometrically. 
_ Aporome Prima, is when the greater term is rational, 
and the difference of the (quares of the two is a {quare 
number; as the difference 3 4/5. , 

Apotrome Secunda, is when the lefs number is ra- 
tional, and the {quare root of the difference of the 
{quares of the two terms, has to the greater term, a ratio 
expreffible in numbers; fuch is 4/18 — 4, becaufe the 
difference of the {quares 18 and 16 is 2, and 4/2-is to 

"4/18 as 4/1 to 4/9 oF as 1 to 3. 

Apvoroms Tertia, is when both the terms are ir- 

rational, and, as in the fecond, the fquaré root of the 
difference of their fquares, has to the greater term, 2 
rational ratio: as 4/24— 4/18; for the difference of 
their {quares 24 and 18 is 6, and 4/6 is to 4/24 as 
YW ito ¥4orast to 2. 

"  Apovtome Quarta, is when the greater term is a 
rational number, and the fquare root of the difference 
of the fquares of the two terms, has not.a rational ratio 
to it: as 4—-4/3, where the difference of the fyuares 
16 and 3 is 13, and 4/13 has not a ratio in numbers to 4. 

Aproro ME Quinta, is when the lefs term isa rational 
number, and the fquare root of the difference of the 


fquares of the two, has not a rational ratio to the 


-greater: as /6—z, where the difference of the {quares 
6 and 4 is 2, and V2 to v6 or x to v3 orl to 3 
is not a rational number. 

Apotome Sexta, is where both terms are irrational, 
ahd the {quare root of the difference of their fquares 
has not a rational iatio to the greater: as 4/6 — to 4/25 
where the difference of the fquares 6 and z is 4, and 4 
to 4/6 or z to 4/6, is not a rational ratio. 

The doctrine of apotomes, in lines, as delivered 
“by Euclid in the tenth book, is a very curious 

sfabjeét, and has always been much admired and 

cultivated by all mathematicians who have rightly un- 
derftood this part of the elements; and therefore Peter 

-Ramus has greatly expofed his judgment by cenfuring 
that book, And the firft algebraical writers in Eu- 

‘rope commonly employed a confiderable portion of their 
works on an algebraical expofition of that book, which 
Ted them to the doétrine of furd quantities; 2s Lucas 

de Burgo, Cardan, Tartalea, Stifelius, Peletarius, &c, 
&c. See alfo Pappus, lib. 4, prop. 3, and the introduc, 
tolib. 7, And Dr. Wallis’s Algebra, pa. 109. 

Aprorome, in Mufic, is the difference between a 
greater and lefs femitone, being exprefled by the ratio 
of 128 to 125. 

* APPARENT, that which is vifible, or evident to the 
eye, or the underilanding. 

APPARENT conjuncTion of the planets, is whena right 
line, fuppofed to be drawn through their centres, paffes 
through the eye-of the {pectator, and not through the 
centre of the earth—And, in general, the apparent 
conjuction of any objeéts, is when they appear or are 
placed in the fame right line with the eye. 

Apparent Altitude, Diameter, Diflance, Horizon, 
Magnitude, Motion, Place, Time, &c. See the refpedtive 

fublendives, for the quantity and meafure of it, 
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‘The apparent flate of things, is commonly very if. 
ferent from their real flate, either as to diftance, figure, 
magnitude, pofition, &c, &c. Thus, 

Apparent Diameter, ot Magnitude, as for example 
of the heavenly bodies, is not the real length of the 
diameter, but the angle which they fabtend at the eye, 
or under which they appear. And hence, the angle, or 
apparent extent, diminifhing with the diftance of the 
object, ‘avery fmall object, as AB, may have the fame 
apparent diameter as a very large one FG; and indeed 
the objetts have a!l the fame apparent diameter, that are 
contained:in the fame angle FEG. And if thefe are 
parallel, the real magnitudes are direétly proportional 
to.their diftances. ‘ 


F 
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But the apparent magnitude varies not only by the 
diftance, but alfo by the pofition of it, So, if the ob- 
je& CD be changed from the direét pofition to the ob- 
lique one Cd, its apparent magnitude would then be 
only the angle CEd, inftead of the angle CED, 
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Tf the eye E be placed 'between two parallels AB, 
CD, thefe parallels will appear to converge or come 
nearer and nearer to each other the farther they are con- 
tinued out, and at laft they wil! appear to coincide in’ 
that point where the fight terminates, which will hap. 
pen when the optic angle BED becomes equal to about 
one minute of a degree, the {malleft angle under which 
an objeét is vifible.—Alfo the apparent magnitudes of 
the fame object FG or BD, feen at different diftances, 
that is the angles FEG, BED, are in a lefs ratio than 
the reciprocal ratio of the diftances, or the diftance in- 
creafes in a greater ratio than the angle or apparent 
magnitude diminithes. But when the objedt is very 
remote, or the optic angle is very fmall, as one degree 
or thereabouts, the angle then varies nearly as the dif- 
tance reciprocally. dh 

But although the optic angle be the nfual or fenfible 
meafure of the apparent magnitude of an object, yet 
habit, and the frequent experience of looking at diftant 
objects, by which we know that they are larger than 
they appear, has fo far prevailed upon the‘imagination 
and judgment, as to caufe this too to have fome fhare 
in our eftimation of apparent magnitudes; fo that thefe 
will be judged to be more than in the ratio of the optic 
angles. 

‘The apparent magnitude of the fame obje@, at the 
fame diftance, is different to different perfons, and dif- 
ferent animals, and even to the fame perfon, when 
viewed in different lights; all which may be occafioned- 
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by. the different magnitudes of the eye, canfing the op- 
tic angle to differ as that is greater or lefs: and fince, 
in the fame perfon, the more light there comes from an 
objeat, the lefs is the pupil of the eye, looking at that 
object; therefore the optic angle will alfo be lefs, 
and confequently the apparent magnitude of the object. 
Evety one muft have experienced the truth of this, by 
Jooking at another parla inaroom, and afterwards 

~ abroad in the funthine, when he always appears fmaller 
than ina room where the light isle& So alfo, objects 
up inthe air, having more light coming from them than 
when they are upon the ground, or near it, may appear 
lefs in the former cafe than in the latter: like as the 
hall of the crofs on the top of St. Paul’s church, which 
is 6 feet in diameter, appears fef than an object of the _ 
fame diameter feen at the fame diftance below, near 
the ground. And this may be the chief reafon why the 
fun and moon appear fo much larger when feen in the 
horizon, where thcir beams are weak, than when they 
are railed higher, and their light is more bright and 
glaring. 

Again, if the eye be placed in a rare medium, and 
view an objeét through a denfer, as glafs or water, hav- 
ing plane furfaces; the objedt will appear larger than it 
is: and contrariwife, {maller. And hence itis that fithes, 
and other objeéts, feen in the water, by an eye in the 
air, always appear larger than in the air.—In like man- 
ner, an objeét will appear larger when viewed through 
a globe of glafs or water, or any convex fpherical feg- 
ments of thefe; and, on the contrary, it will appear 
fmailer when viewed through a concave of glafs or 
water. 

Apparent Diftance, is that diftance which we judge 
an object to be from us, when feen afar off. ‘This is 
commonly very different from the true diftance ; be- 
caufe we-are apt to think that all very remote objects, 
whofe parts cannot well. be diftinguifhed, and which 
have no other vifible objects near them, are at the 
fame diftance from us; though perhaps they. may be thou- 
fands or millions of miles off; as in the cafe of the fun 
cand moon. The apparent diftances of objects are alfo 
greatly altered by tite refraction of the medium through 
which they are feen.' 

‘Apparent Figure, is the figure or fhape which an 
object appears under when viewed at a diftance; and is 
often very different from the true figure. Fora ftraight 
line, viewed at a diftance, may appear but as a point ; 

afurface, as a line; anda folid, as a farface. Alfo 

“ thefe may appear of different magnitades, and the fur- 
; face and folid of different figures, according to their 
“ditaation. with refpeét to the eye: thus,. the arch.of 

‘acircle may appear.a ftraight line; a fquare, a trape- 
> sium, or-even.a triangle ; a circle, an ellipfis; angular 
magnitudes, round; and a fphere, acircle. Alfo all 
objeéts have a.tendency.to roundnefs and fmoothnefs, 
og appear lefs-angular, as their diftance is greater: 
for, as the diftance is increafed, the fmaller angles and 
afperities firft difappear, by fubtending a lefs angle than 
one minutes after thefe, the next larger difappear, for 
the fame reafon ; and fo on continually, as the diftance 
is more and. more increafed ; the object feeming fill 
-more and more round and {mooth. So, a triangle, or 
fquare, ata great diftance, fhews only.as a round fpeck; 
and the edge of the moon appears round to the eye, 
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notwithitanding the hills and valleys on her furface, 
And hence it is alfo, that near objets, as a range of, 
lamps, or fuch like, feen at a great diftance, appear to 
be contiguous, and to form one uniform continaed mag- 
nitude, by the intervals between them difappearing, 
from the fmallnefs of the angles fubtended by them. 

Apparent Motion, is either that motion which we 
perceive in a diflant body that moves, the eye at the 
fame time being either in motion or at reft; or that 
motion which an objeé at reft {eems to have, while the 
eye itfelf only is in motion. 

The motions of bodies at a great diftance, though 
really moving equally, or pafling over equal {paces in 
equal times, may appear to be very unequal and irregu- 
lar to the eye, which can only judge of them by the 
mutation of the angle at the eye. And motions, to be, 
equally visible, or appear equal, mutt be direétly pro- 
portional to the diftarices of the objeéts moving. Again, 
very {wift motions, as thofe of the luminaries, may 
not appear to be any motions at all, but like that of the 
hour hand of a clock, on account of the great diftance 
of the objeéts: and this will always happen, when the 
{pace a@ually paffed over in one fecond of time, is lefs 
than about the 1 4000th part of its diftance from the eyes 
for the hour hand of a clock, and the ftars about the 
earth, move at the rate of 15 feconds of a degree in one 
fecond of time, which is only the 13751 part of the 
radius or diftance from the eye. On the other hand,’ 
it is poffible for the motion of a body to be fo fwift, as 
not to appear any motion at all; as when through the 
whole fpace it defcribes there conftantly appears a con- 
tinued {arface or folid as it were generated by the mo- 
tion of the object, like as when any thing is whirled * 
very {wiftly round, deferibing a ring, &c. 7 

Alfo, the more oblique the eye is to the line which a ~ 
diftant body moves in, the more will the apparent mo-- 
tion differ from the trae one. So, if a body revolve.’ 
with an equable motion in the circumference of the ¢ir- 
cle ABCD &c, and the eye be 
at E in the plane of the circle ; 
as the body mows from A to 
B and C, it feems to move flower 
and flower along the line ALK, 
till when the body arrives at C, 
it appears at reft at K; then 
while it really moves from C by 

to F, it appears to move 
quicker and quicker from K by 
L to A, where its motion is 
quickeft of ail; after this -it 
appears to move flower and flow- 
er from A to N while the body 
moves from F to H: there be- 
coming ftationary again, it ap- 
pears to return from N to A in 
the flraight tine, while it really moves from Hby Teo 
Ain the circle. And thus it appears to move. in the 
line KN by a motion continually varying between the 
leaft, or nothing, at the extremes K and N,-and the 
greateft of all at the middle. point A, Or, if the 
motion be referred to the concave fide of the circle, in- 
flcad of the Hine KN, the appearances will be the fame. 

If an eye move direGily forwards from E to O, &e3 . 
any remote object at reft at P, will appear to move the 
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‘eontrary way, or from P to Q, 

with the fame velocity. But if 
the obje&t P move the fame way, 
and with the fame velocity as 
-the eye; it will feem to fland 
fall. If the obje& have a lefs 
- velocity than the eye, it will ap- i 
pear to move back towards Q with the difference of 
the velocities; and if it move fafter than-the eye, it 
will appear to move forwards from Q, with the fame 
difference of the velocities. And fo likewife when the 
objeét P moves contrary to the motion of the eye, it 
appears to move backwards with the fam ofthe motions 
of the two. And the trath of all this is experienced 
by perfons fitting in a boat moving in a-river, or in a 
wheel-carriage when running faft, and viewing houfes 
or trees, &c, on the fhore or fide of the read, or other 
boats or wheel-carriages alfo in motion. 

Apparent PLace of an objed?, in Optics, is that 
in which it appears, when feen in or through glafs, wa- 
-ter, or other refraéting mediums; which is commonly 
different from the true place. So, if an object be feen 
in or through glafs, or water, either plane or concave, 
it will appear nearer to the eyé than its true place; bat 
when feen through a convex glafs, it appears more re- 
mote from the eye than the real place of it. 

Apparent Prace of the Image of an objed, in Cat~ 
optrics, is that where the image of an object made by 
‘the reflexion of a fpeculum appears to be; and the 
-optical writers, from Euclid downwards, give it as a 
general rule that this is where the refleéted rays meet 
the perpendicular to the fpeculum drawn from the ob- 
-jeét: fo that if the fpeculum be a plane, the apparent 
place of the image will be at the fame diftance behind 
the fpeculum as the eye is before it; if convex, it will 
‘appear behind the glafs nearer tothe fame; but if con- 
‘cave, ‘it will appear before the fpeculum. And yet in 
fome cafes there are fome exceptions to this rule, as is 
dhewn by Kepler in his Paralipomena in Vitellionem, prop. 
38. See allo Wolfius Catoprr. § 51, 188, 233, 234+ 

Apparent Place of a Planet, tc, in Aftronomy, 
is that point in the furface of the {phere of the world, 
where the centre of the luminary appears from the 
durface of the earth, 

“APPARITION, in Aftronomy, denotes a ftar’s or 

Other luminary’s becoming vifble, which before was 

hid. So, the heliacal rifing, is rather an apparition 
than a proper rifing: 

7 Circle of perpetual APPARITION. 
rpetual apparition. 
APPEARANCE, in Perfpective, is the reprefent- 

ation or projection of a figure, body, or the like ob- 
je@, on the perfpective plane. —The appearance of an 
objeGtive right line, is always aright line. See Per- 
$PECTIVE.—~Having given the appearance of an opake 
body, and of a luminary, to find the appearance of the 
fhadow; fee SHavow. : 

APPEARANCE ofa far or planet. See APPARITION. 

ApPEARANCES, in Aftronomy, &c, are more ufually 
called phenomena and pha/es.—In Optics, the term ai- 

+ ve@ appearance is ufed for the view or fight of any ob- 

ject by dire& rays; without either refraction or re- 
Aexion. 
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See Ariax, 
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APPLICATE, Appuricara, OrdinateApPLicatn, 
“in Geometry; is a right line drawn to a curve, and 
-bife&ed by its diameter. This is otherwife called an 
-ORDINATE, which fee. 

Appuicate Number, See Concrere. 

Appiicatron, the a& of applying one thing to 

another, by approaching or bringing them nearer to- 
gether. Soa longer {pace as meafured by the continnal 
application of a lefs, asa foot or yard by an inch, &c, 
And motion ‘is determined by a fucceffive application of 
any thing to different parts of fpace. 

ApriicatTion is fometimes ufed, both in Arith- 
‘metic and Geometry, for the rule or operation of di- 
-vifion, or what is fimilar to it in geometry. Thus 20 
applied to, or divided by 4, gives5. Anda reCtangle 


.ab, applied toaline ¢, gives the 4th proportional e, or: 


another line which, with the given line ¢, will contain 
-another re€tangle which fhall be equal to the given reat- 
angle a6, And this is the fenfe in which Euclid ufes 
sthe term, /:5. 6, pr. 28. 

AppuiicaTion,in Geometry, is alfo ufed for the a& 
or fuppofition of putting or placing one figure upon 
another, to ind whether they be equal or unequal; which 
feems to be the primary way in which the mind firft 
acquires both the idea and proof of equality. And in 
this way Euclid, and other geometricians, demonitrate 
fome of the firft or leading properties in geometry. 
Thus, if two triangles have two fides in the one tri- 
angle equal to two fides in the other, and alfo the angle 
included by the fame fides equal to each other; then 
are the two triangles equal in all refpeéts: for by con- 
ceiving the one triangle placed on the other, it is proved 
that they coincide or exaétly agree in all their parts. 
And the fame happens if, of two triangles, one fide 
and the two adjacent angles of the one triangle, are 
equal, reipe@ively, to one fide and the two correfpond- 
ing angles of the other, Thus alfo it may be proved 
that the diameter of a circle divides it into two equal 
parts, as alfo that the diagonal of a {quare or paralle- 
logram biteéts or divides it into two equal parts. 

Avpuication of one fcience to another, as of 
Algebra to Geometry, is faid of the ufe made of the 
princ'ples and properties of the one for augmenting and 
perfecting the other, Indeed all arts and fciences mu- 
tually receive aid from each other. But the application 
here meant, is of a more exprefs and immediate nature ; 
as will appear by what follows. 

Appitcation of Algebra or of dnalyfis to Geometry. 
The firit and principal applications of algebra, were to 
arithmetical queftions and computations, as being the 
firt and moft ufeful {cience in all-the concerns of human 
life. Afterwards algebra was applied to geometry and 
all the other fciences in their turn. The application of 
algebra to geometry, is of two kinds; that which re- 
gards the plane or common geometry, and that which 
refpeéts the higher geometry, or the nature of curve 
lines. 

The firft of thefe, or the application of algebra to 
common geometry, is concerned in the algebraical fo- 
lation of geometrical problems, and finding out the~ 
orems in geometrical figures, by means of algebraical 
investigations or demonttrations, This kind of appli- 
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‘cation has been made from the time of the moft early 
-writers on algebra, as Diophantus, Lucas de Burgo, 
‘Cardan, Tartalea, &c, &c, down to the prefent times. 
“Some of the beft precepts and exercifes of this kind of 
application, are to be met with in Newton’s Uxiverjal 
Arithmetic, and in Thomas Simpfon’s A/gebra and Se- 
ka Exercigis. Geometrical Problems are commonly 
refolved more directly and eafily by algebra, than by 
the geometrical analyfis, efpecially by young begin- 
ners; but then the fynthefis, or conftru€tion and de- 
monftration, is moft elegant as deduced from the latter 
method. Now it commonly happens that the alge- 
braical folution fucceeds beft in fuch problems as refpeét 
the fides and other lines in geometrical figures, and on 
the contrary, thofe problems in which angles are con- 
cerned, are beft effected by the geometrical analyfis. 
Newton gives thefe, among many other remarks on this 
branch. Having any problem propofed ; compare to- 
gether the quantities concerned in it; and, making no 
difference between the known and unknown quantities, 
confider how they depend upon, or are related to, one 
another; that we may percetve what quantities, if they 
areaflumed, will, by proceeding fynthetically, give the 
reft, and that in the fimpleft manner. And in this com- 
parifon, the geometrical figure is to be feigned and 
conftruted at random, as if all the parts were actually 
known or given, and any other lines drawn that may 
appear to conduce to the eafier and fimpler folution of 
the problem. Having confidered the method of com- 
putation, and drawn out the fcheme, names are then to 
be given to the quantities entering into the computa- 
tion, that is, to fome few of them, both known and 
unknown, from which the reft may moft naturally and. 
fimply be derived or expreffed, by means of the geome- 
trical properties of figures, till an equation be obtained, 
by which the value of the unknown quantity may be 
derived by the ordinary methods of redudtion of equa- 
tions, when only one unknown quantity is in the no- 
tation; or till as many equations are obtained as there 
are unknown letters in the notation, 
For example, fappofe it were 

required to infcribe a {quare in 

a given triangle, Let ABC be 
the given triangle; and feign 
DEFG to be the required 
fquare; alfo draw the perpendi- 
cular BP of the triangle, which : 
will be given, as well as all the i 
fides of it. Then, confidering A7 PC C 
that the triangles BAC, BEF 

are fimilar, it will be proper to make the notation as fol- 
low, viz. making the bafe AC = 4, the perpendicular 
BP = , and the fide of the {quare DE or EF = x. 
Hence then BQ = BP — ED = p — x; confequently, 
by the proportionality of the parts of thofe two fimilar 
triangles, viz, BP: AC:: BQ: EF, itisp: 6::p—-x: 
x; then, multiply extremes and means &c, there arifes 
bp 

the 

Hp 

fide of the fquare fought; that is, a fourth propor- 
tional to the bafe and perpendicular, and the fam of 
the two, taking this fum for the firfl term, or AC + 
BP: BP:: AC. EF. 

_ The other branch of the application ofalgebra to gc- 
© Vouk 








px == bp — bx, or bx + px lp, and x == 5 
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ometry, was introduced by Defcartes, in his Geomes 
try, which isthe new or higher geometry, and refpetts 
the nature and properties of curve lines. In this branch, 
the nature of the curve is expreffed or denoted by an 
algebraic equation, which is thus derived: A fine is 
conceived to be drawn, as the diameter or fome other 
principal line about the curve; and upon any indefinite 
points of this line other lines are ereéted perpendicu- 
larly, which are called ordinates, whillt the parts of the 
firft line cut off by them, are called abfcifles. Then, 
calling any abfcils x, and its correfponding ordinate y, 
by means of the known nature, or relatiogs of the other 
lines in the curve, an equation is derived involving x 
and y, with other given quantities in it. Hence, as 
«and y are common to every point in the primary 
line, that equation, fo derived, will belong to every 
pofition oxvalue of the ab/cifs and ordinate, and fo is 
properly confidered as exprefling the nature of the 
curve in all points of it; and is commonly called the 
equation of the curve. 

In this way it is found that any curve line has a pe- 
culiar form of equation belonging to it, and which is 
different from that of every other curve, either as to 
the number of the terms, the powers of the unknowa’ 
letters x and y, or the figns or co- 
efficients of the terms of the equa- 
tion. Thus, if the curve line HK 
be acircle, of which HI is part of 
the diameter, and IK a perpendi- 
cular ordinate: then putHI =x, yf 
IK =y, and p= the diameter of the 





‘circle, the equation of the circle will be px — +? ay 


But if H K be anellipfe, an hyperbola, or parabola, the - 


‘equation of the curve will be different, and for all the 


four curves, will be refpeétively as follows, viz, 
for the circle - - px —» x* = 5%, 


for the ellipfe - - px —te ays 


for the hyperbola - px + a =, 


for the parabola - px ~ - == yt; 


where ¢ is the tranfverfe axis, and 9 its parameter. And, 
in like manner for other curves, 

This way of expreffing the nature of curve lines, by 
algebraic equations, has given occafion to the greateft 
improvement and extenfion of the geometry of curve 
lines ; for thus, all the properties of algebraic equations, 
and their roots, are transferred and added to the curve 
lines, whofe abfcifles and ordinates have fimilar proper- 
ties. Indved the benefit of this fort of application is 
rmuteal and reciprocal, the known properties of equa- 
tions being transferred to the curves they reprefent ; 
and, on the contrary, tie krown properties of curves 
transferred to their reprefentative equations. See 
Curves. 

APPLICATION of Geometry to Algebra. Behides the 
ufe and application of the higher geometry, namely, 
of curve lines, to detetting the nature and roots of 
equations, and to the finding the values of thoie roots 
by the geometrical confirudtion of curve lines, even com- 
mon geometry may be made fubfervient to the parpofes 
of algebra. ‘Thus, to take a very plain and fimple in- 
ilance, if it were required to Square the binomial a 4 4; 
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by forming a fquare, as in.the annexed figure, whofe 
‘fide is equal to a - 4, or the two lines of parts added 
together denoted by the letters a and &3 and then draw- 
ing two lines pararailel to the fides, from the points where 
the two parts join, it will be im- 
mediately evident that the whole 
fquare of the compound quantity 3 
a + 4, is equal to the fquares of both 

the parts, together with two rectan- 

gles under thetwo parts, oratand4* a] @* | ab 
and 2aé, that is the fquare of a + 6 

is equal to a® +4% 4 246, as de- a & 
rived from a geometrical figure or 
conftrugtion. And in this very manner it was, that the 
Arabians, and the early European writers 09 algebra, 
derived and demonftrated the common rule for refolv- 
ing compound quadratic equations. And thus alfo, in 
a fimilar way, it was, that T'artalea and Cardan derived 
and demonflrated all the rules for the refolution of cubic 
equations, wling cubes and parallelopipedons initead of 
fquares and reétangles.. Andmany other inflances might 
be given of theufeand application of geometry in algebra. 

AePLication of Algebra and Geometry ta Mechanics. 
This is founded on the fame principles as the application 
of algebra to geometry. It confilts principally in re- 

refenting by equations the curves defcribed by bodies 
in motion, by determining the equation between the 
fpaces which the bodies deferibe, when adtuated by any 
forces, and the times employed in defcribing them, &c. 
A familiar infance alfo of the application of geometry 
to mechanics, may be feen at the article AcceLeRa- 
T1oN, where the perpendiculars of tirangles reprefent 
the times, the bafes the velocities, and the areas the 
{paces defcribed by bodies in motion; a method firft 

iven by Galileo. In fhort, as velocities, times, forces, 
paces, &c, may be reprefented by lines and geometri- 
cal figures ; and as thefe again may he treated algebrai- 
cally; itis evident how the principles and properties, 
of both algebra and geometry, may be applied to me- 
chanics, and indeed to all the other branches of mixt 
mathematics. 

Appiication of Mechanics 10 Geometry. "This con- 
fits chiefly in the ufe that is fometimes made of the 
centre of gravity of figures, for determining the con- 
tents of folids defcribed by thofe figures. 

ApPLication of Geometry and Afironomy to Geogra- 
ply. This confitts chiefly in three articles. rf, In 
determining the figure of the globe we inhabit, by 
means of geometrical and aftronomical operations. 2d, 
’ In determining the poftions of places, by obfervations 
of latitudes and longitudes. 3d, In determining, by 
geometrical operations, the pofitions of fuch places as 
are not far diftant from one another. 

Geometry and afironomy are alfo of great ufe in 
Navigation. 

AppLicaTion of Geometry and Algebra to Phyfics or 
Natural Philofophy. This application we owe to New- 
ton, whofe philofophy may therefore be called the geo- 
metrical or mathematical philofophy; and upon this 
application are founded all the phyfico-mathematical 
fciences. Here a fingle obfervation or experiment will 
often produce a whole fcience: fo when we know, as 
we do by experience, that the rays of light, in refed- 
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ing, make the angle of incidence equal to the angle of 
reflection: we thence deduce the whole fcience of catop- 
trics: for that experiment once admitted, catoptrics 
become a fcience purely geometrical, fince it is reduced 
to the comparifon of angles and lines given in pofition. 
And the fame in many other fciences. 

APPLICATION of one thing to another, in gencral, 
is employed to denote the ufe that is made of the for- 
mer, to underdand or to perfe& the latter, Thus, the 
application of the cycloid to pendulums, means the ufe 
made of the cycloidal curve for improving the do@rine 
and ofe of pendulums. 

APPLY. This term is ufed two different ways, in 
geometry, 

ift, Tt fignifies to transfer or place a given line, either 
ina circle or fome other figure, fo that the extremities 
of the line fhall be in the perimeter of the figure. 

2d, It is alfo ufed to expref divifion in geometry, 
or to find one dim: nfion of a rectangle, when the area 
and the other dimenfion are given. And the area aé ap~ 
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APPROACH, the curve of equable approach. It was 
firlt propofed by Leibnitz, namely, to find a curve, 
down which a body defeending iy the force of gravity, 
fha!l make equal approaches to the horizon in equal 
portions of time. Ithas been found by Bernoulli and 
others, that the curve is the fecond cubical varthola, 
placed with jts vertex uppermoft, and which vv de- 
{cending body muft enter with a certain determinate 
velocity.—Varignon rendered the queftion general for 
any law of gravity, by which a body may approach 
towards a given point by equal fpaces in equal times. 
And Maupertuis alfo refolved the problem in the cafe 
of a body defcending in a medium which refifls as the 
fquare of the velocity. See Hift. det’ Acad. des Sciences 
for 1699 and 1730. 

Methed of Ap PROACHES, 2 name given by Dr. Wal- 
lis, in his Algebra, to a method of refolving certain 
problems relating to fquare numbers, &c. T'his is done 
by firft affigning certain limits to the quantities re. 
quired, and then approaching nearer and nearer till a 
coincidence is obtained.—-In this fenfe, the method of 
‘Trial-and-error, or double rule of Falfe Pofition, may 
be confidered as a method of approaches. 

APPROACHES, in Fortification, the feveral works 
made by the befiegers, for advancing or getting nearer 
to a fortrefs or place befieged. Such as the trenches, 
mines, faps, lodgments, batteries, galleries, epaul- 
ments, &c. 7 

Approacues, or Lines of APPROACH, are particu- 
larly ufed for trenches dug in the ground, and the earth 
thrown up on the fide next the place befieged ; under 
the defence or fhelter Gf which, the befiegers may ap= 
proach without lofs, as near as poflible to the place, to 
raife batteries and plant guns &c, to batter 1t,—The 
lines of approach are commonly carried on, in a zig- 
zag way, parallel to the oppofide faces of the befieged 
work, or nearly fo, that they may not be enfiladed by 
the guns from the enemy’s works. And they are alfo 
connected by parallels or lines of communication.— 
The befieged comm-ily make counter-approaches, to 
interrupt and defeat the approaches of the befiegers, 
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The ancients made their approache towards the 
place befieged, much after the fame marfier as the mo- 
derns. Folard thews, that they had their trenches, their 
parallels, faps, &c.; which, though ufually thought of 
modern invention, it appears, have been prattifed long 
before, by the Greeks, Romans, Afiatics, &c. 

APPROXIMATION, a continoal approach, ftill 
nearer and nearer, to a root or any quantity fought.— 
Methods of continual approximation for the fquare 
roots and cube roots of numbers, have been employed 
by algebrailts and arithmeticians, trom Lucas de Burgo 
down to the prefent time. And the later writers have 
given various approximations, not only for the roots of 
higher powers, or all imple equat‘ons, but for the roots 
of all forts of compound equations whatever; efpecially 
Newton, Wallis, Raphfon, Halley, De Lagny, &c, &c; 
all of them forming @ kind of infinite feries, either ex- 
prefled or underftood, converging nearer and nearer to 
the quantity fought, according to the nature of the 
procefs. 

It is evident that if a number propofed be not a trae 
fquare, then no exaét fqaare root of it can be found, 
explicable by rational numbers, whether integers or 
fraions : therefore. in fuch cafes, we mut be content 
with approxmimations, or coming continually nearer and 
nearer tothe truth, Jn Jike manner, for the cube and 
other roots, when the propofed quantities are not exact 
cubes, or other powers, 

The moft cafy and general method of approximation, 
is perhaps by the rule of Double Pofition, or, what is 
fometimescalled, the Method of Trial-and-error; which 
And among all the 
methods for the roots of pure powers, of which there 
are many, I believe the bett is that which was difcovered 
by myfelf, and given in the firft volume of my Mathe- 
matical Traéts, in point of eafe, both of execution and 
for remembering it. The method isthis: if N denote 
any number, out of which is to be extraéted the root 
whofe index is denoted by r, and if m be the neareft 
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N+r+1.2" 

the required root of N very nearly ; or asr — 13 times 
the given number added to r + 1 times the ncareit 
power, isto r + 1 times the given number added to 
7— 1 times the neareft power, fo is the aflumed root x, 
to the required root, very nearly. Then this laft value 
of the root, fo found, if one ftill nearer is wanted, is to 
be ufed for in the fame theorem, to repeat the ope- 
tation with it. And fo on, repeating the operation as 
often as neceflary. Which theorem inclades all the 
rational formule of Halley and De Lagny. 

For example, foppofe it were required to double the 
eube, or to find the cube root of the number 2, Here 
r= 33 confequently r + 1 = 4; andr — 1 == 23 and 
therefore the general theorem becomes 


rootfirft taken; they thal} 
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pesmi x Ber oaba reel % 2 for the cube root of N; 
ZN + qn w + 2x3 : 


orasN + 2n3: 2N + 23:0: the root fought nearly. 
Now, in this cafe, N —2, and therefore the neareft 
root # is 1, and its cube.x? = 1 alfo : hence N 4 223 = 
24+2=4,and2N 4 n= 4 41 = 5; therefore, 
a4igiis:gertp = 125 the ff approximation 
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Again, taking r= =: and confequently r$ = 7 7 
hence N 4 28min + SO = UE, 
and 2N 4 m4 tia ies 
therefore as 378 : 381, or as 126 : 127 ASS Ze 


1°259921, which is the cube root of z, true in all the 


figures, And by taking SS for anew value of #, and 
repeating the procefs again, a geat many more figures 
may be found. 

Of the Roots of Equations by APPROXIMATION. — 
Stevinus and Vieta gave methods for finding values, 
always nearer and nearer, of the roots of equations. And 
Oughtred and others purfued and improved the fame. 
Thefe however were very tedious and imperf-é, and 
required a different procefs for every degree of equa- 
tions. But Newton introduced, not only general me- 
thods for expreffing radical quantities by approximating 
infinite feries, but alfo for the roots of all forts of com- 
pound equations whatever, which are both eafy and ex- 
peditious : which will be more particularly defcribed 
under each refpective word or article. His method for 
approximating of roots, is in fabftancethis: Firft take 
a value of the root as near as may be, by trials, either 
greater or lefs; then affuming another letter to denote 
the unknown difference between this and the true value, 
fubftitute into the equation the fum or difference of the 
approximate rootand this affumed letter, inftead of the 
unknown letter or root of the equation, which will pro- 
duce a new equation having only the aflumed {mall dif- 
ference for its root or unknown letter; and, by any 
means, find, from this equation, a near value of this 
fmall affumed quantity. Affume then another letter 
for the fmall difference between this laft value of the 
true one, and fubftitute the fum or difference of them 
into the Jaft equation, by which will arife a third equa- 
tion, involving the fecond afflumed quantity; whofe 
near value is found as before. Proceeding thus as far 
as we pleafe, all the near values, connected together by 
their proper figns, will form 2 feries approaching flill 
nearer and nearer to the true value: of the root of the 
firft or propofed equation, The approximate values of 
the feveral {mall aflumed differences, may be found in 
different ways: Newton’s methad is this: As the quan- 
tity foufht is fmall, its higher powers decreafe more 
and more, and therefore neglecting them will-not lead 
to any great error; Newton therefore negleéts-all the 
terms having inthem the 2d and higher powers, leaving 
only the ift power and the abfolute known term; from 
which fimple equation he always finds the value of the 
afflumed unknown letter nearly, in a very fimple and 
eafy manner. H-#:y’s method of doing the fame 
thing, was to neglect all the terms above the fquare or 
2d power, and then to find the root of the remaining 
quadratic equation; which would indeed be a nearer 
value of the affumed letter than Newton’s was, but then 
it is much more troublefome to perform.—Raphfon has 
another way, whichis a liule varied from that of New- 
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ton’sagain, which is this; having found a near value of 
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Examecr.t, Again, taking the cubic: equation. 


the fir aflumed fmall quantity or difference, by thishe y*— 2y — 5 =-03 Newton proceeds thus : 


correéts the firit approximation ‘to the root of the pro- 
pofed equation; and then, affuming another letter for 
the next, or fmaller difference, he introduces it into the 
original equation in the fame way as before. And thus 
he proceeds, from one correction to another, employing 
always the firft propofed equation to find them, inftead 
of the fuccefive new equations ufed by Newton. 

For example, let it be required to find the root of 
the equation x*—5. == 31, 0r x —5x—31 = 0 :~Here 
the root x, it is evident, is nearly = 8; for x therefore 
take 8 + x, and fubltitute 8 4 x for x in the given 
equation, and the terms will be thus 5 


x= 64 4+ 16z-427 
5x 40 5% 
3) . 





the fum is =7 + 1Iz+27=0. 
“Then, rejecting 27, itis tiz—7 = 0, and z= yy = 
+6363, &c, or == + 6 nearly. 
Affume now z = *6-++y: then 
a? 36 + 127 yt 
11z==6'6 + I 
—7=H7 
the fum—‘04 -$ 12°27 +y*= ©, 
= uet = 
where y = a 003278 nearly. 


Affame ity = °003278 — v: then 
y® == °000010745284— "0065560 + uw 
12"2y == 10399916 — 12'2--4 
— 04 == —0¢ 
the fam '000002345284 —- 12.2065 560 ++ u™ =0, 
000002345284 
12'206556 
Hence, then, colleting all the affumed differences, with: 
their figns, itis found that + == S$epy—v=8+6 
+ 003278— "000000192133 = 8:6003277807867 the 
root of the equation required, by Newton’s method. 
The fame by Raphfon’s way. 
Firft x = 8 + x; 
then x? = 64 + 16x + x* 
oon 5 See 4O 5 
— jI=— jl 
the fam —7-11%42*==03 
hence z = 77 = ‘6 nearly, 
and x = 8 + % = 8°6 nearly. 
Affume it x = 8'6 + 5 
then a*= 73°90 - 17°27 + 2% 


where v == == 000000192133. 


45 —yv 
—jI=— 31 
the fam —-04-- 12°2y + 9° = 05 


hence y = = == '003278 nearly. 
and x = 8°6 + y= 8.603278 — nearly, 
Adfume it x = 8:603278—03 + 
then a* == 74°016392345284— 17'2065 562 ++ v* 


nee = = 43°016390 + 5% 
—31=—3! 
the fom “000002345284 122005 560-0? = 03. 


hence. vs='0000001 92133, 
and confeq. s==8°603277307867, as before, 


_tween the two fums, 


pis nearly = 2; take it therefore y = 2 + p5 


then y3 == 8 -+ 129 + 6p" +p} 





ym 4m yp 
OD eo a 
I+ lop + 6p* +p =o; 
hence p = fig = 1 nearly. 
Affume itp = +1 + 93 
then p? == o-oo! -+ 0°03¢ + ogy? +b 9 
+ 6pt= 006 +12 $6 
+ lop +10 
— por? 


BS 
the fum 0-061 4 11°23 + 6°37 + p= OF 
hence g = — 070054 nearly. 

Affume it 7 = — 0°0054.+ 75. 
then g3 = — 0°000000157464 -+ 0°00008748r, SC. 
$6°3g* = + 07000183708 9 — or068047, kc. 
r1239g= — 0060642 +} 1b23r 

-+o'061 = 4+ o'06r 

the fum - 0°000541550530  11°16204748r5 
hence r == — 07000048517, &¢. 
Hence,y= 2+p+9+7 
= 2 FO1—0'0054—0'000048517 
= 21094551483» 

the root of the equation yi —-2y—= 5. And in the 

fame manner Newton performs the approximation for 

the roots of literal equations, that is, equations having’ 

Hiteral coefficients ; fo the root of this equation 

WF axy + ayn —203 =O; is 
a 
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See alfo a memoir on this method by the Marquis de 
Courtivron, in the Memoires de I’ Academie for 1744, 
Other Methods of Avrroximation. Befides the 
foregoing general methods, other particular ways of 
approximating, for various purpofes, have been given by 
many other perfons,—As for example, methods of ap- 
proximating, by feries, to the roots of cubic equations 
belonging to the irreducible cafe, by Nicole in tha 
fame Memoires, by M. Clairaut in his Algebra, and by 
myfelf in the Philof. Tranf. for 1780. See alfo feveral’ 
arts of Simpfon’s works, and my Traéts vol. 1. 
‘Alfo the metNods of infinite feries by Wallis, Newton, 
Gregory, Mercator, &c, may be confidered as-approxi~ 
mations, in quadratures, and other branches of the 
mathematics, many inftances of which may bé feen in 
Wallis’s Algebra, and other books :—Likewife the me~ 
thod of exhauftions of the ancients, by which Archi- 
medes and others have approximated to the quadrature 
and rectification of the circle, &c. which was performed: 
by contifually bifeting the fides of polygons, both 
jnfcribed in a circle and. circumfcribed about it; by 
which means the fum of the fides. of the like polygons: 
approach continually nearer: and nearer together, and 
the circumference of the circle is nearly a mean bee 
See alfo Equations, 
APPULSE, in Affronomy, means the.aétual contact 
of two luminaries, according to fome authors; but 
others defcribe it as their near approach to each other, 
fo as to be feen, for inftance, within the fame telefcope. 
The appulfes of the planets to the fixed fars have 
5 ‘ always. 
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aways been very ufeful to aftronomers, as ferving to 
fix and determine the places of the former. The an- 
cients, wanting an eafy method of comparing the pla- 
nets with the ecliptic, which is not vifible, had fcarce 

- any other way of fixing their fituations, but by obferving 
their track among the fixed ftars, and marking their 
appulfes to fome of thofe vifible points. See Hift. Acad. 
Scienc. for 1710. pa. 417. And Phil. Tranf. No. 
369, where Dr. Halley has given a method of deter- 
mining the places of the planets, by obferving their 
near appulfes to the fixed ftars. See alfo Philof. Tranf. 
No. 76, p. 361, and Mem. Acad. Scienc. for 1708, 
where Flamiteed and De la Hire have given obferva- 
tions of the moon’s appulfes to the Pleiades. See alfo 
Flamfteed’s Hiforia Ccclittis where a multitude of 
obfervations of appulfes, or {mall diftances, of the moon 
and planets, from the fixed ftars, are recorded. And 
Dr. Halley has publithed a map or planifphere of the 
farry zodiac, in which are accurately laid down all 
the flars to which the moon’s appulfe has ever been ob- 
ferved in any part of the world, See Philof. Tranf. 
No. 3693 or Abridg. vol. vi. pa. 170. 

APRIL, the 4th month of the year according to 
the common computation, and the 2d from the vernal 
equinox.—The word is derived from Aprilis, of aperio, 
Topex; becaufe the earth, in this month, begins to 
open her bofom for the produétion of vegetables.—In 
this month the fan travels through parts of the figns 
Aries and ‘l'aurus. 

APRON, in Gunnery, a piece of thin or fheet lead, 
ued to cover the vent or touch-hole of a cannon. 

APSES, io Aftronomy, are the two points in the 
orbits of planets, where they are at their greateit and 
leaft diftance, from the fun or the earth. The point 
atthe grevte't diftance being called the Aigher apfis,, 
and that 2 the neareit diftance the dower apfs. And 
the two aplesure allo called anges. Alfo the higher apfis 
is more particularly called the aphelien, or the apogee ; 
and the lower apfis, the peribelion, or the perigee. The 
diameter which joins thefe two points, is called the 
line of the apfes or of the apfdes: and it paffes through 
the centre of the orbit of the planet, and the centre 
of the fun or the earth; and in the modern aftronomy 
this line makes the longer or tranfverfe axis of the ellip- 
tical orbit of the planet. In this line is counted the 
excentricity of the orbit; being the diftance between 
the centre of the orbit and the focus, where is placed 
the fun or the earth. 

The foregoing definitions fuppofe the lines of the 

reateft and leaft diftances to lie in the fame fraight. 
line ; which is not always precifely the cafe; as they 
are fometimes out of a right line, making an angle 
greater or lefs than 180 degrees, and the difference 
from 180 degrees is called the motion of the line of the 
apfes: when the angle is lefs than 180 degrees, the 
motion of the apfes is faid to be contrary to the order 
of the figns; on the other hand, when the angle ex- 
ceeds 180 degrees, the motion is accerding to the 
order of the figns. 

Different means have been employed to determine 
the motion of the af/és. Dr. Keil explains, in his 
Aflronomy, the method ufed by the ancients, who fap- 
pefed the orbits of the planets to_be perfedtly circular, 
and the fua out of the centre, But fince it has been 
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difcovered that they deferibe elliptical orbits, various 
other methods have been devifed for determining it. 
Halley has given one, which fuppofes to be known only 
the time of the planet’s evolution, or periodic time. 
Seth Ward has alfo given a determination from three 
different obfervations of a planet, in any thrte places of 
its orbit: but his method being founded on an hypo- 
thefis not ftrictly true, Euler has given one much more 
exact in vol. 7. of the Peterfhurgh Commeatarics. See 
various ways explained in the Aftronomy of Keil and 
Mounier. : 

Newton has alfo given, in the Prizecpia, an excellent 
method of determining the fame motion, oa the fup- 
pofitions that the orbits of the planets differ but little 
from circles, which is the cafe nearly, That great 
philofopher fhews, that if the fun be immoveable, and 
all the planets gravitate towards him in the inver(e ratio 
of the {quares of their diftances, then the apfes will be 
fixed, or their motion nothing; that is, the lines of 
greateft and Jeaft diitance will form one right line, 
and the apfes will be dire€tly oppofite, or at 180 de- 
grees diflance from each other, But, becaufe of the 
mutual tendency of the plancts towards each other, 
their gravitation towards the fun is not precifely in that 
ratio; and hence it happens, that the apfes are not 
always exadily in aright line with the fun. And New- 
ton has given a very elegant method of determining 
the motion of the ap/es, on the fuppofition that we 
know the force which is thereby added to the gravitas 
tion of the planet towards the fun, and that this ad- 
ditional force is always in that diredtion. 

APUS, or Apous, Avis Indica, in Aftronomy, a 
conftellation of the fouthern hemifphere, fituated near 
the fouth pole, between the ¢riangulxin awfrale and the 
chameleon, and fuppofed to repretent the bird of para- 
dife. Alfo fuppofed to be one of the birds named 
Apedes, as having no feet. 
© ‘fhe number of flars contained in this conttellation, 
are 11 in the Britith Catalogue, in Bayer’s Maps 12, 
and a ftill greater number in La Caille’s Catalogue ; 
the principal itar being but of the 4th or sth order of 
magnitude. See Calum Auprale Stelliferum, and the 
Memoires de’ Acad, for 1752, pa. 569. 

AQUARIUS, in Aftronomy, one of the celeftial 
conitellations, being the eleventh fign in the zodiac, 
reckoning from Aries, and is marked, by the chara@er 
ot, reprefenting part of a flream of water, ifluing 
from the veffel of Aquarius, or the water-pourer. ‘This. 
fign alfo gives name to the eleventh part of the ecliptic, 
through which the fun moves in part of the months of 
January and February. . 

The poets feign that Aquarius was Ganymede, 
whom Jupiter ravifhed under the fhape ofan eagle, and, 
carried away into Heaven to ferve as a cup-bearer, 
inftead of Heba and Vulcans. whence the name. 
Others hold, that the fign was thus called, becaufe 
that when it appears in the horizon, the weather com- 
monly proves rainy. 

The ftarsin the confellation Aquarius, are, in Pto- 
lemy’s Catalogue, 45; in Tycho’s 413 in Hevelius's 
473 and in Flamiteed’s 108. See the article Con- 
STELLATION 3 alfo CATaLoGuE. 

AQUEDUCT, or Aqua pucr, as much as to fay 
duélus aque, a cendvit of water, is a cenieeron of 
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ftone or timber built on uneven ground, to'preferve the 
level of water, and convey it, by a canal, from one 
place to another.—Some agueduds are under ground, 
being conducted through hills, &e; and others are 
railed above ground, and fapporied on arches, to €on~ 
dué& the water-over vallics, &c. 

"The Romans were very magnificent in their aque- 
dus; having fome that eacended a hundred miles, 
or more. Frontinus, a man of confular dignity, who 
had the dire¢tion of the aqueducts uniter the emperor 
Nerva, fpeaks of nine that emptied themfelves through 
“13594 pipes, of an inch diameter, And it is obferved 
by Vigenere, that in the fpace of 24 hours, Rome 
received from thefe aqueducts not le(s than 50000 
hogtheads of water. The chief aquedu&s now in 
being, are thefe: 1, that of the Aqua Virginia, re- 
paired by Pope PaulIV; 2d, the Aqua Felice, con- 
fteudted by Pope Sixtus V, and is called from the name 
he afflumed before he was exalted to the papal throne ; 
3d, the Aqua Paulina, repaired by Pope Paul V, in the 

ear 16115; and 4chly, the Aqueduct built by Lewis 

IV. near Maintenon, to convey the river Bure to 
Verfailles, which is perhaps the largelt in the world ; 
being 7000 fathoms long, clevated 2560 fathoms in 
height, and containing 242 arcades. Sce Philof. 'Tranf. 
for 1685, No. 1713 or Abridg. vol. 1. pa. 594+ 

AQUEOUS Humour, or the watry bumour of the 
eye, is the firft or outermoft, and the rarefl of the 
three humours of the eye. It is tranfparent and co: 
lourlefs, like water ; and it fills up the fpace that lies be~ 
tween the cornea tunica, and the cryftalline humour. 

AQUILA, the Eagle, or the Vulture as it is fome- 
times called, is a conftellation of the northern hemi- 
fphere, ufvally joined with Antinous. It is one of the 
48 old con&cllations, according to the divifion of 
which Hipparchus made his Catalogue of the Fixed 
Stars, and which are defcribed by Ptolemy. ‘Lhe 
number of ftars in Aquili, and thofe near it, now in the 
Jater-formed conttellation Antinous, amount to 15 in 
Prolemy’s Catalogue, to 19 in Tycho’s, to 42 in that 
of Hevelius, and to 71 in Flamfteed’s, Bat in Aquila 
alone, Tycho counts only 12 ftars, and Hevelius 23 ; 
the principal ftar being Lucida Aquila, and is between 
the ift and 2d magnitude. ‘The Greeks, as afual, re- 
late various fzbles of this conftellation, to make the 
{cience appear as of their own invention. 

ARA, the Siar, one of the 48 old conftellations, 
mentioned by the ancient aflronomers, and is fituated 
gn the fouthern hemi/phere ; containing only 7 ftars in 
Prolemy’s Cutalogve, and 9 in that of Flamiteed ; none 
of which exceed the 4th magnitude. 

ARATUS, celebrated for his Greek poem intitled 
Suvduirx, the Phenomena, flourithed “about the 127th 
Olympiad, or near 300 years before Chat, while 
Ptolemy Philadelphus reigned in Egypt. Being edu- 
cated under Dionyfius Heraclotes, a Stoic philofopher, 
he efpoufed the principles of that fect, and became 
phyfician to Antigonus Gonatus, the fon of Demetrius 
Poliorcetes, King of Macedon. The Phenomena of 
Aratus gives him a title to the character of an aftrono- 
mer, as well asa poet. In this work he defcribes the 
natere and motion of the ftars, and fhews their various 
ispofitions and relations ; he defcribes the figures of 
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the conftellations, their fituations in the fphere, the 
origin of the names which they bear in Greece and in 
Egypt, the fables which have given 1ife to them, the 
riling and fetting of the Rars, and he indicates the 
manner of knowing the conftellatioas by their refpec- 
tive fituations. 

The poem of Aratus was commented uponand tran 
lated by many authors: of whom among the ancients 
were Cicero, Germanicus Ciear, and Feftus Avienus, 
who made Latin tranilations of itz a part of the former 
of which is itil] extant. Aratus mutt have been much 
efteemed by the ancients, fince we-find fo great a num- 
ber of fcholiafts and commentators upon him; among 
wigm are Ariftarchus of Samos, the Aryftylli the 
geometricians, Apo!lonius, the Avaneti, Crates, Nu- 
menius the grammarian, Pyrrbus of Magnefia, Thales, 
Zeno, and many others, as may be fea in Voffius, 
p. 156, Suidas afcribes feveral other works to Aratus. 
Virgil, in his Georgics, »has‘tranflated or imitated 
many pafflages from this author: Ovid fpeaks of him 
with admiration, as well as many others of the poets : 
And St. Paul has quoted a paflage from him: which is 
in his fpeech to the Athenians (Acts xvii. 28) where 
he tells them that fome of their own poets have faid, 
For we are alia bis offspring, thefe words being the be- 
ginning of the 5th line of the Phenomena of Aratus, 

His modern editors are as follow; Henry Stephens 
publifhed his poem at Paris in 1566, in his collection 
of the poets, infolio. Grotius publjfhed an edition of 
the Phenomena at Leyden in quarto, 1600, in Greek 
and Latin, with the fragments of Cicero’s verfion, and 
the tranflations of Germanicus and Avienus ; all which 
the editor has illuftrated with curious notes. Alfoa 
neat and correé& edition of Aratus was publithed at 
Oxford, 1672, in 8vo, with a Scholia. 

ARZOMETER, fee AREOMETER, 

ARC, or Arcu ; which fee. 

ARCADE, in Architeéture, denotes an opening in 
the wal! of a building formed by an arch. 

ARC-BOUTANT, is a kind of arched buttrefs, 
formed of a flat arch, or part of an arch, abutting 
againtt the feet or fides of another arch or vault, to fup- 
port themand prevent them from:burtting or giving way, 

ARCAS, a name by which fome of the old writers 
call the ftar Ar€turus ; a fingle and very bright ftar of 
the frit magnitude, between the legs of the conflella~ 
tion Bootes. They fay Arcas, the fon of Culifto by 
Jupiter, when he was about to have killed his mother 
in the fhape ofa bear, was, together with her, fnatched 
up into Heaven; where fhe was converted into the con- 
ftellation of the Great Bear, near the north pole, ‘and 
the youth into this fingle-ftar. 

ARCH, Arc, Arcas, in Geometry, a- part of any 
curve line; as, of & circle, or ellipfis, or the like. 

It is by means of circular arcs, or arches, that all 
angles are meafured ; the arc being defcribed from the 
angular point as a centre. For this purpofe, every 
circle is fuppofed to be divided into 360 degrees, or 
equal parts; and an arch, or the angle it fubtends and 
meafures, is eftimated according to the number of thofe 
degrees it contains: thus, an arc, or angle, is faid to 
be of 30 or 80, or 100 degrees.—Circular arcs are alfo 
of great ufe in finding of fluents. 
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Comerntric Arcs, are fuch as have the fame 
centre, 

Equal Arcs, are fuch ares, of the fame circle, or of 
equal circles, as contain the fame number of degrees. 
Thefe have alfo equal chords, fines, tangeats, &c. 

Sizilar Ares, of unequal circles, &c, are fuch as 
contain the fame number of de- 
grees, or that are the like pare 

“or parts of their refpeftive whole Dp 
circles. Hence, in concentric 
circles, any two radii cut off, or 
intercept, fimilar arcs MN and 
OP.—Similar arcs are propor- 
tional to the radii LM, LO, or to. 

“the whole circumferences.—Simi- 
Jar arcs of other Hke curves, are 
alfo like parts of the wholes, or 
determined by like parts alike pofited. 

Of the Length of Circular Ancs, The lengths of cir- 
cular arcs, as found and expreffed in various ways, may 
be feen in my lirge Treatife on Menturation, pa. 118, 
& fej. 2d editi fome of which are as follow. 
The rauias of a circle being 1; and of any afc a, if the 
tangent be ¢, the fine s; the cofine c, and the verfed 
fine v: then the arc @ will be truly expreffed by feveral 
feries, as follow, viz, the are 
a=t— 4h + eth — 57 + 19 &e, 
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“a d@ = "01745329 & & ds where 
d@ denotes the number of degrees in the given arc. 


£ nearly ; where C is the chord of the 
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Alioa= ~ 
asc, and ¢ the chord of half the arc; whatever the 
radius is. 

Fo invefiigate the length of the are: of any curve. Put 
w= the abfcifs, y = the ordinate, of the arc x, of any 
curve whatever. Pot &== 4/x* + 5°3 then, by means 
of thé equation of the curve, find the value of in terms 
of j, or of jin terme of %, and fubftitute that value in_ 


ftead of it in the above expreffion & = 4/x* 4 j?3 
~ fence, taking the fluents, they will give the length of 
he arc z, in‘terms of x or y, . 
“Arch, in Aftronomy. Of this, there are various 
kinds. Thus, the latitude, elevation of the pole, and 
the declination, are meafured by an arch of the meri- 
dian; and the longitude, by an arch of a parallel 
ciscle, “Sc. 

Diurnal Axcu of the fun, is part of a circle parallel 
to the equator, defcribed by the fun in his courfe from 
his rifing to the fetting. And his Nefurnal Arcu 
is of the fame kind ; excepting that itis defcribed from 
fetting to rifing. : 

Ancu of Progreffon, or DireGion, is an arch of the 
ecliptic, which a planet feems to pafs over, when its 
motion is direét, or according to the order of the figns. 

“Anca of Retrogradation, is an arch of the ecliptic, 
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defcribed while a planet is retrograde,~or moves cons 
trary to the order of the figns. 

Arcs betweer the Centres, in eclipfes, is an arch 
pafling from the centre of the earth’s shadow, perpendi- 
cular to the moon’s orbit, meeting her centre at the 
middle of an eclipfe.—If the aggregate of this arch 
and the apparent femi-diamer ofthe moon, be equal 
to the femi-diameter of the fhadow, the eclipfe will be 
total for an infant, or without any duration ; and if 
that fum be lefs than the radius of the thadow, the 
eclipfe will be total, with fome duration ; but if greater, 
the eclipfe will be only partial. 

Arcu of Pifox, is that which meafures the fun’s 
depth below the horizon, when a tlar, before hid by his 
rays, begins to appear again.—be quantity of this 
arch is not always the fame, but varies with the latitude, 
declination,, right afcenfion, or defcenfion, and dif. 
tance of any planet or far. Ricciol. Almag. v. 4, 
pa. 42. However, the following numbers will ferve 
near for the ftars and planets. 


TABLE exhibiting the Arch of Vifion of the PLANETS 
and Fixep Stars, 


PLANETS, FIXED STARS, 

Magnitude. 

Mercury - = 10° off r- - - «© = = 229 

Venus - -'- 5 of 2--+ + 2 @ & 13 

Mars ss > WE BOP Ze - ee ee 

Jupitr~ - - 10 of 4- ~ = = - = 3g 

Satum - - - bro of 6+ - 2 ee = 16 
Ge = -= 2 mw 17 


Arcu, in Architedture, isa concave ftrufture, raifed 
oy turned upon a mould, called the centering, in form 
of the arch of a curve, and ferving as the inward fups 
port of fome fuperftrugture. Sir Henry Wotton fays, 
An arch is aothing but a narrow or contracted vault; 
and a vault is a dilated arch. 

Arches are ufed in Jarge intercolumnations of {paci- 
ous buildings; in porticoes, both within and withoue 
temples; in public halls, as ciclings, the courts of palaces, 
cloifters, theatres, and amphitheatres. T'hey are alfo 
ufed to cover the cellars in the foundations of houfes, 
and powder magazines; alfo as buttreffes and counter- 
forts, to fupport large walls laid deep in the earth; 
for triumphal arches, gates, windows, &c ; and, above 
all, for the foundations of bridges and aqueduéts. And 
they are fupported by piers, butments, impofts, &c. 

Arches are cf feveral kinds, and are commonly de- 
nominated from the figure or curve of them; as cir- 
cular, elliptical, cycloidal, catenarian, &c. according as 
their curve is in the form of a circle, ellipfe, cycloid, 
catenary. &c. 

There are alfo other denominations of circular arches, 
according to the different parts ofa circle, or manner of 
placing them. Thus, 

Semicircular Ancues, which are thofe that make an 
exact femicircle, having their centre in the middle of 
the fpan or chord of the arch; called alfo by the Irench 
builders, perfe& arches, and arches en plein centres 
The arches of Weftmifter Bridge are femicircutar. 

Scheme Ancues, or feene, are thofe which are lefs 
than femicircles, and are confequently flatter arches ; 
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containg 120, or 90, or 60, degrees, &. They are 
alfo called imperfee and diminifoed arches. 

Arcurs of the third and-fourth point, ot Gothic arches; 
or, as the Italians call them, di‘terza and quarto acuto, 
becaufe they always meet in an acute angle at top. 
Thefe confit of two ecxentric circular arches, meeting 
in an angle above, and are drawn from the divifion of 
the chord into three or four or more parts at pleafure. 
Of this kind are many of the arches in churches and 
other old Gothic buildings. P 

Elliptical Arcus, wfually confit of femi-eltipfes ; 
and were formerly much ufed inftead of mantle-trees in 
chimnies ; and.are now much ufed, from their bold and 
beautiful appearance, for many purpofes, and particu- 
larly for the arches of a bridge, like that at Black- 
Friars, both for their firength, beauty, convenience, 
and cheapnefs. ca 

Straight Arcus, are thofe which have thcir upper 
and-under edges parallel ftraight lines, inftead of curves. 
Thefe are chieAy ufed over doors and window; and 
have their ends and joints all pointing towards one 
common centre. 

Arca is particularly ufed for the {pace between the 
two piess of a bridge, intended for the paflzge of the 
water, boats, &c, J te 

Arcu of equilibration, is that which is in eq ilibrium 
in all its parts, having no tendency to break in 
more than in another, and which is therefore fa 
Stronger than any other figure. Every particular figure 

‘of the extrados, or upper Rie of the wall above an arch, 
requires a peculiar curve for the under fide of the arch 
itfelf, to form an arch of equilibration, fo that the in- 
cumbent prefure on every part may be proportional to 
the ftrength or refiftance there. When the arch is 
equally thick throughout, a cafe that can hardly ever 
happen, then the catenarian curve is the arch of equili- 
bration; but in no other cafe: and therefore it is a great 
miftake in fome authors to fuppofe that this curve is the 
beft figure for arches in all cafes; when‘in reality it is 
commonly the worl. This {ubjeét is fully treated in 
my Principles of Bridges, pr. §, where the proper intra- 
dos is inveftigated for every extrados, fo as to form an 
arch-of equilibration in all cafes whatever. It there ap- 
pears that, when the upper fide of the wall is a ftraight 
horizontal line, as in the annexed figure, the equation 














of the curve is thus expreffed, 
log of et M Lax 4 xx 
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DK; And hence, when a, 4, 7, are any given num- 
bers, a table is formed for the correfponding values of 
x and y, by which the curve is conitructed for any par- 
ticular occafios. Thus fuppofing 2 or DK = 6, 6 or 
AQ = 50, and r or DQ = 40; then the correfponding 
values of KI and IC, or horizontal and vertical lines, 
will be as in this table. 


Table for confiruking the Curve of Equilibration, 





































| “Kt of | Value of | Value of | Value of | Value of [Value of 
fe Ic. KI. ic. KL tem 

6000 21 | 10°381 36 | 21-774 

6035 2% | 10858 37 «(| 22°948 

6144 23 | 11°368 38 [247190 

“324 24 Ir'gul 39 25505 

6-580 25 | 12°489 40 126894 

6914 26 j}137106 if] «41 128-364, 

7°330 27 )33°761 42 129919 

757k 28 114457 43 1317563 

7834 2g 15°96 44 133°299 

8:120 30 | 15°980 45 4356135 

31 1 168IL 46 137'075 

32 | 17°693 47 |39°126 

33 -{18'627 | 48 1 41°293 

| ug617 43°581 

20°665 | 46°000 


The do@rine and ufe of arches are neatly delivered 
by Sir Henry Wotton, though he is not always mathe- 
matically accurate in the principles. Hefays; Firf, 
All matter, unlefs impeded, tends to the centre of the 
earth in a perpendicular line. Secondly ; All folid mate- 
rials, as bricks, ftones, &c, in their ordinary reCtangular 
form, if laid in nambers, one by the fide of another, ina 
level row, and their extreme. ones fultained between 
two fupporters; thofe in the middle will neceffarily 
fink, even by their own gravity, much more if forced 
down by any fuperincumbent weight. To make them 
ftand, therefore, either their figure or their pofition 
mutt be altered.—Thirdly ; ftones, or other materials, 
being figured cuneatim, or wedge-like, broader above 
than below, and laid in a level row, with their two - 
extremes {upported as in the Jaft article, and pointing 
all to the fame centre; none‘of them can fink, till the 
fapporters or butments give way, becaufe they want 
room in that fituation to defcend perpendicularly. But 
this is a weak ftru@ure; becaufe the fupporters are 
fabje& to too much impulfion, efpecially where the line 
islong; for which reafon the form of ftraight arches 
is feldom ufed, excepting over doors and windows, 
where the line is fhort and the fide wall trong. In 


: order to fortify the work, therefore, we maft change 


not only the figure of the materials, but alfo their po- 
fition.—Fourthly; If the materials be fhaped wedge- 
wife, and be difpofed in form of an arch, and pointing 
to fome centre; in this cafe, neither the pieces of the 
faid arch can fink downwards, for want of rcom to 
de{cend perpendicularly; nor can the fupporters or but- 
ments fuffer much violence, as in the preceding flat 
fornh : for the convexity wil! always make the incufa- 
bent rather reft upon the fupporters, thai thruit o¢ 
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puh them outwards. His reafoning, however, after- 

wards, on the effet of circular and other arches, is not 
‘accurate, as he attends only to the fide preffure, without 
, confidering the effect of different vertical preffures. 

The chief properties of arches of different curves, 
may be feen in the 2d fect. of my Priaciplis of Bridges, 
above quoted. It there appears that none, except the 
mechanical curve of the arch of equilibration, can ad- 
mit of a horizontal Hine at top: that this arch is of a 
form both graceful and convenient, as it may be made 

igher or lower at pleafure, with the fame {pan or open- 

ing: that all other arches require extrados that are 
carved, more or lefs, either upwards or downwards; of 
thefe, the elliptical arch approaches the neareft to that 
of equilibration for equality of ftrength and conveni- 
ence; and it is alfo the belt form for mot bridges, as it 
can be made of any height to the fame {pan, its hanches 
being at the fame time foficiently elevated above the wa- 
wer, even when it is very flat at top: elliptical arches alfo 
look bolder and lighter, are more uniformly ftrong, and 
much cheaper than moft others, as they require lefs ma- 
terials and Jabour. Of the other curves, the cycloidal 
arch is next in quality to the elliptical one, for thofe 
Properties, and, laftly, the circle. As to the others, 
the parabola, hyperbola, and catenary, they are quite in- 
admifiible in bridges that confift of feveral arches; but 
may, in fome cafes, be employed for a bridge of one 
fingle arch which may be intended to rife very high, 
as in fuch cafes they are not much loaded at the 
hanches. 

Arc Mural. See Murat arch. 

ARCHER, or Sagittarius, one of the conftellations 
of the northera hemifphere, and one of the twelve figns 
of the zodiac, placed between the Scorpion and Capri- 
corn, SeeSacitrrartius, 

ARCHIMEDES, one of the moft celebrated ma- 
thematicians among the ancients, who flourithed about 
250 years before Chriit, being about so years later than 
Euclid. He was born at Syracufe in Sicily, and was 
related to Hiero, who was then king of that city. The 
mathematical genius of Archimedes fet him with fuch 
diftinguithed excellence in the view of the world, as ren- 
dered him both the honour of his own age, and the ad- 
miration of pofterity. He was indeed the prince of 
the ancient mathematicians, being to them what New- 
ton is to the moderns, to whom in his genius and cha- 
4adter he bears a very near refemblance. He was fre- 

“quently lok in a kind of reverie, fo as to appear hardly 
_fealible ; he would ftudy for days and nights together, 
terleGing his food ; and Plutarch tells us that he ufed 
te be carried to the baths by force. Many particulars 
offhis life, and works, mathematica}: and mechanical, 
are:yecorded by feveral of the ancients, as Polybius, 
Livy, Plutarch, Pappus, &c. He was equally tkilled in 
all the fciences, altronomy, geometry, mechanics, hy- 
droflatics, optics, &c. in all of which he excelled, and 
made ihany and great inventions. 

Archimedes, it is faid, made a {phere of glafs, of a 
‘mot farprifing contrivance and workmanthip, exhibit- 
ing the motions of the heavenly bodies in a very pleaf- 
digg manner, Claudian has an epigram upon this in- 
vention, which has been thus tranflated : 








F When ina gials’s narrow fpace confin’é, 
t. Jove faw the fabsic of th’ almighty mind, + 
Vouk 
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He fmil’d, and faid, Can mortal’s art alone, 
Our beavealy labours mimic with their own? 
The Syracafian’s brittle work contains 

‘Th’ eternal law, that through all nature reigns. 
Fram‘d by his art, fee fars unnumber'd burn, 
And ia their courfes rolling orbs return : 

His fun chrough various figns deferibes the year ; 
And every month his mimick moons appear, 
Our rival’s laws his little planets bind, 

And rule their motions with a human mind. 
Salmoneus could eur thunder imitate, 

Bat Archimedes can a world create. 


Many wonderful ftories are told of his difcoverier, 
and of his very powerful and curious machines, &c. 
Hiero once admiring them, Archimedes replied, thefe 
effets are nothing, ** But give me, {aid he, fome other 
place to fix a machine oa, and I thall move the earth.’ 
He fell upon a curious device for difcovering the deceit 
which had Been praétifed by a workman, employed by 
the faid king Hiero to make a golden crown. Hiero, 
having a mind to make an offering to the gods of a 
golden crown, agreed for one of great value,and weigh- 
ed out the gold to the artificer.. After fome time he 
brought the crown home of the full weight; but it was 
afterwards difcovered or fulpeéted that a part of the 
gold had been flolen, and the like weight of filver {ub- 
Rituted in its ftead. Hiero, being angry at this impo. 
fition, defired Archimedes to take it into confideration, 
how fuch a fraud might be certainly difcovered. While 
engaged in the folution of this difficulty, he happened 
to go into the bath; where obferving that a quantity 
of water overflowed, equal to the bulle of his body, it 
prriently occurred-to him, that Hiero’s queftion might 

e anfwered by a like method: upon which he leaped 
~put, and ran homeward, crying out, clenxa! cbgeaal I 
have found it! I have found it! He then made two 
maffes, each of the fame weight as the crown, one of 
geld and the other of filver: this done, he filled a velfel 
to the brim with water, and put the filver mafs into it, 
upon which a quantity of water overflowed equal to the 
bulk of the mafs; then taking the mafs of Glver out 
he filled up the veffel-again, mealuring the water exag- 
ly, which he put in; this fhewed him what meafure af 
water anfwered to a certain quantity of Glver, Then he 
tried the gold in like manner, and found that it caafed 
a lefs quaniity of water to overflow, the gold being lets 
in bulk than the filver, though of the fame weight. He 
then filled the veffel a third time, and putting in the 
crown itfelf, he found that it cau‘ed more water to 
overflow than the golden mafs of the (ame weight, but, 
lefs than the filver one; fo that, finding its bulk be- 
tween the two maffes of gold and filver, and that in 
certain known proportions, he hence computed the real 
quantities of gold and filver in the ciown, and fo ma- 
nifelly difcovered the fraud. . 

Archimedes alfo contrived many machines for ufefal 
end beneficial purpofes: among thefe, engines for launch- 
ing large thips ; {crew pumps, for exhauiling the water 
out of ships, marfhes, or overflowed lands, as Egypt, 
&c. which they would do from any depth, 

Bur he became molt famous by his curious contrivan- 
ces, by which the city of Syracu’e was fo long defended, 
when befieged by the Roman confal Marcellus 3 fhow- 
ering upon the enemy fometiines Jong darts, and ftones 
of vait weight and ia great quantities ; at other times, 
lifting their thips vp into the air, that had come neat 
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the walls, and dafking them to pieces by letting then | 
fal! down again ; norcould they find their fafety in re- 
moving out of the reach of his cranes and levers, for 
there be contrived.to fire them with the rays of the fun — 
-yefle€ted from burning gles. oe : 
~ Howevers notwithitanding afl his art, Syracufe was 
at length taken by form, and Archimedes was 6 1 
“Fatent upon fone geometrical problem, that he neither 
heard the noife, or ininded any thing elfe, till a foldiet 
that found him tracing of lines, akked him his name, 
and upon his requeft to be gone, and not diforder “his 
figures, flew him. “ What gave Marcellus the great- 
ef concern, fays Plutarch, was the onhappy: fate of, 
. “Archimedes, who was at that time in his muleum ; and 
- his mind, as well as his eyes, fo fixed and intent upot, - 
“fome. geometrical figures, that’he neither heard. the 
noife and hurry of the Romans, nor percetved the city. 
“to be taken. In this depth of ftudy and contemplation), 
a foldier came faddenly upon him, and commanded him 
= to follow him to Maicellus 5 which he refufing to. do 
‘HI he had finithed his problem, the foldier, in a rages 
_drew his fword, and’ ran him through.” - Livy fays he ” 
* was flain by 4 foldier, not knowing who he was, while 
he was drawing {chemes in the duit: that Marcellus 
_was grieved at his death, and took care of his funeral ; 
and made his name a protettion and honour to, thofe 
who could claim.a relationfhip to him. . His death, it 
‘feems, happened about the 142 or, 143 Olympiad, or 
240 years before the birth of Chrift. 
va, When Cicero was queflor for Sicily, 
tomb of Archimedes, i 
brambles ; which he cau 
fet in order. There 
ity with an infcriptior, 
quite warn out. 
.., Many of the works 0 


“though the greateft 





he difcovered the 
lavergrown with buflies and 
fed to be cleared, and the place 
¢ was a {phere and cylinder cut upor- 
but the latter part.of the-veries 


f this great man are fill extant, 
part of them are lott, The pieces, 
semaining arc as follow : L. ‘fwo books on the Sphere 
and Cylinder.—2. “The Dimenfion of the Circle, or pro- 
portion petween the diameter and the circumference. — 
3. Of Spiral Hines. OF Conoids and Spheroidse-— 
5. Of Equiponderants, or Centres of Gravity.-6. The 
‘Quadrature of the Parabola.—7. Of bodies floating on 
yh Inids. 8. Lemmata.—rg. Of the Number of the Sand. 
" ; Among the works of Archimedes which are loft, may 
~ be reckoned the defcription of the follgwing inventions, 
which may be gathered ficm him(elf and other ancient 
authors. 1. His account of the method which he em- - 
_ployed to difeover the mixture’ of gold and filver in the 
“crown, menuoned by Viurnvius.-2. His defcription 
: of the Cochleon, oF engine to draw water out of piaces 
where it is fagnated, full in ofe under the name of Ar- 
chimedes’s Screw. Athenxus, {peaking of the pro- 
digions fhips -built by the order of Fliero, fays, that” 
Archimedes invented the cochlcon, by means of whick 
the hold, notwithitanding its depth,’ could be drained 
‘by one man. And Diodorus Sicelus fays, that, he con- 
“paved this machine to drain Egypt, and that by a won- 
derful mechanifm it would exhauit the.-water from any 
depth.—3. ‘Phe Helix, by means of which, Athenzus 
informs us, he Jaunched 
Trifpatton, which, according to’ 
could draw the mofi fu 
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zetzes and Oribafius, - 
pendous. weights. —5- The ma- 
See sad tae * mal Biatectne 
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“he ‘ufed in the defence of Syracufe againit Mareeltua, 
confifting of Tormenta, Baliite, Catapults, Sagittarii, 


~ Scorpions, Cranes, &c.—6. His Burning Glaffes, with 
which he fet fire to the Roman gallies—-7.. His Preuma- 


tic and Hydrotlatic engines, concerning which fubjects 
he wrote feme books, according to Tzetzes, Pappus, 
and Tertuilian.—8. His Sphere, which exhibited the 
celeftial motions. And probably many others. 
‘A whole volume might be written upon the curious 
, that appear in 
his mathematical writings now extant only. He was, 
the firft who {quared a curvilineal fpace ; unlefs Hypo- 
crates muft be excepted on account of his lunes: ta 
his time the conic fe€tions were admitted into geometry, 
arid he applied himfelfclofely to the mzafuring of them, 
as wellas other figures. Accordingly he determined the 
relation of fpheres, fpheroids, and conoides, to cylin« 
ders and cones ; and the relations of parabolas to recli- 
lineal planes whofe quadratures had long before been 
detarmined by Euclid. He has left us alfo his atrempt: 
upon the circle: he proved that a circle is equal to @ 
right-angled triangle, whofe bafe is equal to the ciréum- 
ference, and its altitude equal to the radius; and con: 
fequently, that its area‘ts equal to the rectangle of half 
the diameter and half the circumference ; thus reducing 
the quadrature of the circle to the determination of the 
ratio between the diameter and circumference; which 
determination however has never yet been done. Being 
didappointed of the exad? quadrature of the circle, for 
want of the redtification of its circumference, which all 
his methods would not effe&, he proceeded to affign 
“An ufeful approximation to it: this he effected by the 
pumeral calculation of the perimeters of the infcribed 
dnd circamfcribed polygons: from. which calculation 
t appears that the perimeter of the circumfcribed re- 
“spular pofygon of 192 fides, is to the diameter, ina lefs 
“yatio than that of 35 or 342 tor; and that the peri- 
meter of the infcribed polygon of 96 fides, is to the di- 
gameier, in a greater ratio than that of 33% to 15 and 
zconfequently that the ratio of the circumference to the 
idiameter, ties between thefe two ratios. Now the frit 
ratio, of 37 to 1, reduced to whole‘numbers, gives 
that of 22 to 7, for 345822 22275 which therefore 
*is nearly the ratio af the circumference to the diameter, 
From this ratio between the circumference and the di- 
ameter, Archimedes computed the approximate area of 
\ the circle, and he found that it is to the fquare of the 
. diameter, as 11 is to 14. He determined alfo the re- 
Jation hetween the circle and ellipfe, with that of their 
fimilar parts, And it is probable that he likewife at- 
tempted the hyperbola; but it is not to be expected © 
that he met with any fuccef, fince approximations to its 
greaare. all that can be given by the various methods 
.that have fince been invented. i 
. Befide thefe figures, he determined the meafures of 
the fpiral, defcribed by a point moving uniformly along 
a right line, the line at the fame time reyolving witha 
uniform angular motions determining ‘the proportion | 
-of its-area, tp that of the circumfcribed circle, as alfo . 
‘the proportion of their fectors. ee 
Throughout the whole works of this great man, we 
“every. where perceive the deepett defign, and the finet 
invention, He feems to have been, with Euclid, tx- 
Zendinoly carefal of admitting into -his demonftrations 


ARC i 


nothing but principles perfetly gcometrical and unex- 
ceptionable ; and although his moft general method of 
» demonfrrating the relations of curved figures to ftraight 
anes, be by infcribing polygons in them; yet to deter- 
mine thofe relations, he does not increafe the number, 
anddiminifh the magnitude, of the fides of the polygon 
ad infinitum; but & om this plain fandamental principle, 
allowed in Euclid’s Elements, (viz, that dny quantity 
amay be fo often multiplied, or added to itfelf, as that 
the refule thall exceed any propofed finite quantity of 
the fame kind,) he proves that to deny his figures to 
have the propofed relations, would involve anabfurdity. 
And when he demonftrated many geometrical proper- 
ties, particularly in the parabola, by means of certain 
pregreffions of numbers, whofe terms are fimilar to the 
inferibed figures; this was ftill done without confidering 
fach feries as continued ad infinitum, and then collect- 
ing or famming up the terms of fuch infinite feries. 
There have been various editions of the exifing 
writings of Archimedes. The whole of thefe works, 
together with the commentary of Eutocius, were found 
in their original Greek language, on the taking of Con- 
flantinople, from whence they were brought into Italy ; 
and here they were found by that excellent mathema- 
titan John Muller, otherwife called Regiomontanus, 
who brought them into Germany: where they were, 
with that Commentary, publifhed long afterwards, viz, 
in 1544, at Bafil, being moft beautifully printed in folio, 
both in Greek and Latin, by Hervagius, under the 
care of Thomas Gechauff Venatorius—A Latin tranf- 
lation Was publifhed at Paris 1557, by Palcalius Ha- 
mellius.-—Another edition of the whole, in Greek 
and Latin, was publifhed at Paris 1615, in fotio, by 
David Rivaltus, illuftrated with new demonftrations and 
commentaries: a life of the author is prefixed; and at 
the end of the volume is added ‘fome account, by way of 
reftoration, of our author’s other works, which have 
been loft ; viz, The Crown of Hiero; the Cochleon or 
Water Screw ; the Helicon, a kind of endlefs {crew ; 
the Trifpafton, confifting of a combination of wheels 
and axles; the machines employed in the defence of 
Syracufe ; the Burning Speculum ; the Machines moved 
by Air and Water; and the Material Sphere.—In 
1675, Dr. Ifaac Barrow publifhed a neat edition of the 
works, in Latin; at London, in 4to; illuitrated, and 
faccinGly demenftrated in a new method.—But the 
moft complete of any, is the magnificent edition, in 
folio, lately printed at the Clarendon prefs, Oxford, 
“1992. ‘This edition was prepared ready for the prefs 
Seby the learned Jofeph Torelli, of Verona, and in that 
“fiate prefented to the Univerfity of Oxford. “Lhe Latin 
tianflation isa newone. Torelli alfo wrote a preface, 
a commentary on fome.of the pieces, and notes on the 
ehole.: An account of the life and writings of Torelli 
"is prefixed, by Clemens Sibiliati, And at the end a 
large appendix is added, in two parts; the frft being 
a Commentary on Archimedes’s paper upon Bodies that 
float on Fluids, by the Rev. Abram Robertfon, of 
Chri Church College ; and the latter is a large col- 
* JeGion of various readings ia the Manafcript works of 
Archimedes, found in the library of the laie king of 
France, and of another at Florence, as collated wi:h 
the Bail edition above mentioned. 
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of the works of Archimedes. Thus Commanding pub- 
lifhed, in 4to, at Bologna 1565, the two books con- 
cerning; Bodies that float apoa Fluids, with a Coin- 
mentary. Commanding publifhed alfo a tranflation ot 
the Arcnarius. And Borelli publifhed, in folio, at Mo- 
wence 1661, Archimedes’s Libsr Affampiorum, tranilated 
into Latin from an Arabic manuicript copy. This is ac- 
companied with the like tranflation, from the Arabic, 
of the sth, 6th, and 7th books of Apo}lonius’s Conics. 
Mr. G. Anderfon publithed (in 8vo. Lond. 17%4) an 
Englith tranflation of the Aronarius of Archimedes, 
with learned and ingenicus notes and illcftration.. Dr. 
Wallis publihed a tranflation of-the Arenarius, And 
there ma be other editions befide the above, burt thufe 
are all that I have got, or know of, 

Ancutmenrs’s & Screw of Are 

ArcuimMepes’s Burn afi See Bu kxinG-glifh 

ARCHITECT, 2 perion fkilled in architeure, ‘or 
the art of bullding; who forms plains and defigns for 
edifices, conduéts the work, and dircéis the various ar- 
tificers empleyed in it. 

The moft celebrated archiveéts are, Vitruvius, Palle- 
dio, Scamozzi, Serlio, Vignola, Barbaro; Cataneo, 
Alberti, Viola; Inigo Jones, De Lorme, Perrault, 
S. Le Clerc, Sir Chriftopher Wren, and the Kart of 
Burlington. 4 

ARCHITECTURE, Architectura, the art of plan- 
ning and building or erecting any edifice, fo as pro- 
perly to anfwer the end propoied, tor folidity, convent- 
ency, and beauty; whether honfes, temples, churches, 
bridges, halls, theatres, &c. &c:--Archite€ture is di- 
vided into civil, military, and naval or marine. 

Civil AncurrectT ure, is the art of defigning ard 
erecting edifices of every kind for the ules of civil. life 
in every capacity ; as churches, palaces, private houfes, 
&c; and it has been divided into five orders or man- 
ners of building, under the names of the Tufcan, Dorie, 
Lonic, Corinthian, and Compojite.  ~ . 

There were many authors on architelure among the 
Greeks and Romans, before Vitravius; but he is the~ 
firft whofe work is entire and extant. He lived in the 
reigns of Julius Cafar and Auguitus, and compofed a: 
complete fyfem of architecture, in’ ten books,. which 
he dedicated to this prince. ‘Che principal authors on 
architecture fince Vitruvius, are Philander, Barbarus, 
Salmafius. Baldus, Alberti, Gauricus, Demoniofrus, 
Perrault, De Orme, Rivius, Wotton, Serlio, Palladio, 
Strada, Vignola, Scamozzi, Dicuflart, Caianei, Freard, 
De Cambray, Blondel, Goidman, Sturmy, Wolfus, 
De Rofi, Defgoderz, Baratteri, Mayer, Guliclmus, 
Ware, &c, &c. See alfo Ancusreer. “2 

Militory Avcuivectuas, otherwife more nfaally 
called Forsifcation, is the art of ttrengthening and for- 
tifying places to {creen them from the infults or attacks 
of enemies, and the violence of arms ; by credling forts, 
cafiles, and other fortreffes, with ramparts, baitions, &c. 
—The awthors who have chicky excelled in this art, 
are Coehorn, Pagan, Vauban, Scheiter, Blondel, gnd 
Meatalembert. : ‘ 

Naval Ancuirecture, or frip-building, is the art 
of conitruating fhips, galleys, and other vellels proper to 
float on the water. a " 

ARCHIFRAVE, is that part of a columa which 











rewy. See edes. 
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‘ember of the entablature, and is feppofed to reprefent 
the principal beam in timber buildings, in which it is 
fometimes called the reafon-piece. or maffer-pitce. Alfo, 
in chimneys it is called tne mantle-prece ; ancl the Apper> 
thyron over the jaumbs of doors, or lintels of windows. 

Arcurraave Corniche. See Coanicue. 

ARCHETRAVE doors, are thofe which have an archi- 
trave on the jaumbs, and over the door; upon the 
cap piece, if ftraight; or on the arch, if the top be 
curved. 

AACHITRAVE windows, of timber, are nfually an 
ogee raifed out of the folid timber, with a lift over its 
though fometimes the mouldings are track, and laid 
on; and fometimes they are cut in brick. 

ARCHIVOLT, the contour of an arch; or a band 
or frame adorned with mouldings, ranning over the 
fices of the vouffoirs, or arch-ftones, and bearing upon 
the impofts. 

ARCHYTAS, of Tarentum, a celebrated mathe- 
matician, cofmographer, and Pythagorean philofopher, 
whom Horace calls 


ween Maris ac Terre, numeroque carentie Arent 
Menforem. 


He flourithed about 400 years before Chrift; and was 
the maficr of Plato, Kudoxus, and Philolaus. He gave 
a method of pene two mean proportionals between 
two given lines, an: thence the Duplication of the Cube, 
by means of the conic fections. iis frill in Mechanics 
was fuch, that he was faid to be the inventor of the 
crane and the fcrew ; and he made a wooden pigeon 
that could fly about, when it was once fet off, but it 
could not rife again of itfelf, after it refted. He 
wrote feveral works, though none of them are now ex- 
tant, particularly a treatife wip) 78 Tails, de Universo, 
cited by Simplicius in Ariftot. Categ. It is faid he in- 
vented the ten categories. He acquired great reputa- 
tian both in his legiflative and military capacity; having 
cofnmanded -an army feven times without ever being 
defeated. He was at lait thipwrecked, and drowned in 
the Adriatic fea. : 

ARCTIC Circle, is a leffer circle of the fphere, pa- 
rallel to the equator, and paffing through the north pole 
of the ecliptic, or diftant from the north or arétic pole, 
by.a-quantity equal to the obliquity of the ecliptic, 
which was formerly eftimated at 23° 30’, but its mean 
quansity is now 23° 28’ nearly. This, and its oppo- 
fite, the antarétic circle, are alfo called the polar cir- 
cles, where the longeft day and longeft night are 24 
hears, and within all the {pace of thefe circles, at one 
time of the year, the fun never {ets, and at the oppofite 
feafon he never rifes for fome days, more or lefs ac- 
sording as the place is nearer the pole. 

Axcrie Pole, the north pole of the world, and fo 
called from a;sil.s, urfa, the dear, from its proximity to 
the conftellation of that name. 

ARCTOPHYLAX, a conftellation otherwife called 
Boores. Which fee. en 

ARCTURUS, a fixed ftar of the firlt magnitude, 
“between the thighs of the conftellation Bootes. So 
called from apxlog, dear, and wpa, tail ; as being near the 
dears tail, 

"This ftar is twice mentioned in the book of Job, viz. 
ix.’9, and xxXXxviii. 42, by the name Aifh if the tranflation 
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be right ; and by many of the ancients under its Greeks 
name dr@urus. ‘The Greeks gave the fabulous hiftory 
of this far, or.conftellation, to this purport: Califo, 
whe was afterwards, in form of the great bear, raifed 
up into a confté}lation, they tell us, brought forth a fon 
to Jupiter, whom they called Arcas. ‘That Lyacon, 
when Jupiter afterwards came to vifit him, cut the boy 
in pieces, and ferved him up at table. Jupiter, in re- 
venge, as well as by way of punifhment, called down 
lightning to confume the palace, and tarned the monarch 
into 2 walf, The limbs of the boy were gathered up, 
co which the god gave life again, and he was taken and 
educated by fome of the people. His mother, who 
was all this time a bear in the woods, fell in his 
way: he chafed her, ignorant of the .fa&,. and, to 
avoid him, fhe threw herfelf into the temple of Jupiter: 
he followed her thither to dettroy her; and this being 
death by the laws of the country, Jupiter took them 
both up into heaven to prevent the punithment, making 
her the conftellation of the great bear, and converting 
the youth into this fingle flar behind her. 

Dr. Hornfby, the Savilian Profeffor of Aftronomy, 
concludes that Aréturus is the neareft ftar to our fyitem 
vifible in the northern hemi(phere, becaufe the variation 
of its place, in confequence of a proper motion of its 
own, is more remarkable than that of any other of the 
ftays; and by comparing a variety of obfervations re- 
fpeéting both the quantity and direction of the motion 
of this ftar, he infers, that the obliquity of the ecliptic 
decreafes at the rate of 5%” in 100 years; a quantity 
which nearly correfponds to the mean of the computa- 
tions framed by Euler and De la Lande, upon the prin- 
ciples of attraétion. Philof- Tranf. v. 63. 

'ARCTUS, a name given by the Greeks to two - 
conftellations of the northern hemifphere ; by the Latins 
called Ursa major and minor, and@ by us the greater and 
defer BEAR. 

ARKA, in general, denotes any plain farface to 
walk upon; and derived from arere, to be dry. 

‘Anza, in ArchiteAure, denotes the {pace or {cite of 
ground on which an edifice ftands. It is alfo ufed for 
inner courts, and fuch like portions of ground. 

Arga, in Geometry, denotes the 
foperficial content of any figure. 
The areas of figures are eftimated 
in {quares and parts of {quares. 
Thus, fuppofe a re€tangle BFGH 
have its length BH equal to 4 inch- 
es, or feet, or yards, &c, and its 
breadth EF equal to 3 ; its area will 
then be 3 times 4, or 12 fquares, 
each fide of which is refpedtively 
one inch, er foot, or yard, &c. The ee 
areas of other particular figures may be feen under thelr 
refpective names. - 

‘The areas of all fimilar figures, are in the duplicate 
ratio, or as the fquares of their like fides, or of any 
like linear dimenfions.—Alfo the law by which the 
planets move round the fan, is regulated by the areas 
defcribed by a line conneéting the fun ard planet; that 
is, the time in which the planet defcribes, of paffes 
over, any arc of its elliptic orbit, is proportional to 
the elliptic area defcribed in that time by the faid line, 
or the fe€tor contained by the faid arc and mee radii 
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drawn from its extremities to the focus 
fun is placed. 

Area, in Optics. See Fizip. ; 

ARENARIUS, the name of a book of Archimedes, 
in which he demonftrated, that not only the fands of the 
earth, but even a greater quantity of particles than 
could be contained in the immenfe {phere of the fixed 
ftars, might be expreffed by numbers, in a way by him 
invented and defcribed. This notation proceeds by cer- 
tain geometrical progreffions; and in denoting and 
pnts certain very diftant terms of the progreffion, 

je here firtt of any one makes ufe of a property fimilar 

to that of logarithms, viz, adding the indices of the 
terms, to find the index of the product ofthem. See 
AgcuiMEDEs. 

AREOMETER, Ar xomerrum, an inftrument to 
meafure the denfity or gravity of fluids. 

The areometer, or water-poife, is commonly made 
of glafs ; confifting of a round hollow ball, which ter- 
minates in a long flerider neck, hermetically fealed at 
top; having firit as much running mercury pat into it, 
as will ferve to balance or keep it Swimming in an ereé&t 
poftion, The ftem, or neck, is divided into degrees or 
parts which are numbered, to thew, by the depth of 
ats defcent into any liquor, the lightnefs or denfity of 
it: for that fluid is heavieft in which it finks leaft, and 
lighteft in which it finks deepeft. 

Another inftrument of this kind is defcribed by 
Homberg of Paris, in the Memoirs of the Acad. of Sci- 
ences for the year 1699; alfo in the Philof. Tranf. 
Ne 262, where a table of numbers is given, expreiling 
the denfity of various fluids, as determined by this in- 
ftroment both in fummer and winter. By this table it 
appears that the denfity, or fpecific gravity of quick- 
filver and diftilled water, in the two feafons, were as 
follow, viz, 

in fummer a3 13°61 to 1, 
in winter as 13°53 tors 
and the medium of thefe two is as 13°57 ta 1. 

See alfo the Philof. Tranf. vol. 36, or Abridg. vol. 6, 
for the defcription and ufe of another new areometer. 

AREOMETRY, the fcience of meafuring the 
lightnefs and denfity of fluids. —See the Philof. ‘Tranf. 
vol. 68, for an eflay on'areometry, &c- 

AREOSTYLE, in. Archite€ture, a fort of inter- 
columnation in which the columns were placed at a 
great diftance from one another. 

ARGENTICOMUS, among Ancient Aftrologers, 
denotes a kind of filver-haired comet, of uncommon 
Juitre, fuppofed to be the caufe of great changes in the 

netary fy ftem. 

ARGETENAR, a ftar of the fourth magnitude, in 
athe flexure of the conftellation Eridanus. 

. ARGO NAVIS, or the /ip, is a conftellation of 


i 


in which the 


‘fixed fars, in the {cuthern hemifphere, being one of the 


48 old conftellations. The number of ftars in this 
conftellation, are, in Ptolemy’s catalogue 453 in Tycho 
Brahe’s «1, in Flamiteed’s 64. 

‘The Greeks tell us, that this was the famous thip in 
which the Argonauts performed that celebrated expe- 
dition, which has been fo famous in all their hiftory. 

ARGUMENT, in Altronomy, is an arch given, by 
which another arch is found in fome proportion to it. 
Hence, 
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Arcument of Inclination, or Ancumext of Lati. 
tude, of any planct, is an arch of a planet’s orbit, inter. 
cepted between the afcending node, and, the place of 
the planet from the fun, numbered according to the 
fucceffion of the figns. 

Menfirual ARGUMENT of Latitude, is the diftance of 
the moon’s true place from the fun’s true place,—By 
this is found the quantity af the real obfcuration 
in eclipfes, or how many digits are darkened in any 

lace. : 
r Annual ARGUMENT of the moon's apogee, or fimply, 
Annual Argument, is the diftance of the fun’s place from 
the place of the moon’s apogee; that is, the are of the 
ecliptic comprifed between thofe two places. 

ARIES, or the Ram, in Afronomy, one of the con- 
ftellations of the northern hemifphere, and the frit of the 
old twelve figns of the zodiac, and marked ¥ in imi- 
tation of a*ram's head. It gives name to a twelfth 
part of the ecliptic, which the fun enters commonly 
about the 2oth-of March.—The ftars of this conftellation 
in Prolemy’s catalogue are 18, in Tycho Brahe’s 2t, 
in Hevelius’s 27, and in Flamfteed’s 66; but they are 
mofily very fmall, only one being of the 2d magnitude, 
two of the 3d magnitude, and all the reft fmaller, 

The fabulous account of this conftellation, as given 
by the Greeks, is to this effeét. That Nephele gave 
Phryxus, her fon, a ram, which bore a golden fleece, as 
a guard againft the greateft dangers. om the tep- 
mother both of him and Helle, laid defigns againft 
their lives; but Phryxus, remembering the admonition 
of his mother, took his filter with him, and getting 
upon the back of the ram, they were carried to the fea. 
The ram plunged in, and the youth was carried over; 
but Helle dropped off, and was drowned, and fo gave 
name to the Hellespont. When he arrived in Colchis, 
feta, the king, received him kindly ; and, facrificing 
the ram to Jupiter, dedicated the fleece to the god; 
which was afterwards carried off by Jafon. The animal 
itfelf, they fay, Jupiter fnatched up into the heavens, 
and made of it the conftellation Aries. They have other 
fables alfo to account for its origin. But it is moft 
probable that the inventors of this fign, placed it there 
as the father of thofe animals which are brought forth 
about the time the fun approaches to that part of the 
heavens, and fo marking the beginning of {pring. 

Aries alfo denotes a battering ram ; being a military 
engine with an iron head, much ufed by the ancients, 
to batter and beat down the walls of places befieged. 
See Ram, and BarTERING ram. 

ARISTARCHUS, a celebrated Greek philofopher 
and aftronomer, and a native of the city of Samos; but 
of what date is not exaétly known; it muft have been 
however before the time of Archimedes, as fome parts 
of his writings and opinions are cited by that author, 
viz, in his Arenarius; he probably flourithed about 420 - 
years before Chrift. He held the opinion of Pythagoras 
as to the fyftem of the world, but whether before or 
after him, is uncertain, teaching that the fun and ftars 
were fixed in the heavens, and that the earth moved in 
a circle about the fun, at the fame time that it revolved 
about its own centre or axis. He taught alfo, that the 
annual orbit of the earth, compared with the eee 
of the fixed ftars, is but asa point. On this head Achf- 

; chimedes 
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chinedes feys, “ Ariftarchis, the Samian, confuting the 
notions of aftralogers, laid down certain pofitions, from 
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ARISTOTLE, « Grecian. philofopher, the fon of: 
Nicomachus, phyfician te Amyntas king of Macedonia,: 


whence it follows, that the world is much larger than is * was bora 334 years before Chrift, at Stagira, a tow of 


generally imagined; forhe lays it down, that the fixed 
flars and the fun are immoveable ; and that the earth is 
Carried round the fun in the circumference of a circle.” 
On which account, although he might not faffer perfe- 
eution and imprifonment like Galtleo, yet he did not 
efcape cenfure for his fappofed impiety; for it is faid 
Cleanthus was of opinion, that Gregce ought to have 
tried Arittarchus for irreligion, for endeavouring to 
_preferve the regular appearance of the heavenly bodies, 
“by fappofing that the heavens themfelves flood itil; but 
-that the earth revolved in an oblique circle, and at the 
fame time curned round its own axis. 

' Ariflarchus invented a peculiar kind of fun-dials, 
mentioned by Vitravius. There is extant of his works 
oaly a treatife upon the magnitude and diftance of the 
{an and moon: this was tranflated into Latin, and com- 
mented upon by Commandine, who firft publithed it 


terwards publifhed it in Greek, with Commandine’s 
svatin verfion, in 1688, and which he inferted again in 
the 3d volume of his mathematical Works, printed in 
‘folio at Oxford, 1699. The piece was animadverted, 
-;apon by Mr. Fofter, in his Mifcellanies. There is ano- 
ther piece which has gone under the name of Ariftar+ 
cchus, of the Afwidane Sy/fem, its parts, and motions" 
publithed'tin Latin by Robervale, and by. Merfenne, 
“in his Marbematical Synopfis. But this piece is cenfured, 
by Menagius, (in Diog. Laert.), and Defeartes, in his 
“Epiftles, as a fictitious piece of Robervale’s, and not 
_ the genuine work of Ariftarchus. < 
ARISTOTELIAN, fomething that relates to the 
_ philofoper Ariforle. Thus we fay, an Arifotelian dog- 
ina, the drifatelian {chool, &c. ‘ 


ARISTOTELIAN Philofophy, the philofophy taught ; 


by Arifotle, and maintained by his followers. It is 
votherwife called the peripatetic philofophy, from their 
pra@ice of teaching while they were walking. —The 
principles of Ariftotle’s philofophy, the learned agree, 
‘are chiefly laid down in the four books de Calo. Initead 
“of the more ancient fyftems, he introduced marter, form, 
cand privation, as the principles of all things; but it does 
“not {cem that he derived much benefit fram them in na- 
“tural philofophy. And his doctrines are, for the mott 
part, fo obfcurcly expreffed, that it has not yet been fa~ 
tisfactorily afcertained, what were his fentiments on 
fome of the moft important fubje&s. He attempted to 
“refute the Pythagorean doirine concerning the two-fold 
motion of the earth; and pretended to demonfirate, 
_ that the matter of the heavens is ungenerated, incorrup- 
-tible, and‘not fubject to any alteration: and he fup- 
“pofed that the flars were carried round the earth in 
folid orbs. . 
_ ARISTOTELIANS, a fee of philofophers, fo called 
from their leader Ariforle, and are otherwife calied 
' Peripatetics.—The Arittotelians and their dogmata pre+ 
vailed fora long while, in the {chools and univerfities; . 
“even in fpite of alf the eforts of the Cartefians, News 
;tonians, and other corpufcularians. But the fy {tems of 
“the latter have at length gained the afcendency ; and 
¢ the Newtonian philofophy in particular is now very 
generally received. Spe sae 


Macedonia, or, as others fay, of Thrace; from which, 
he is alfo called the Stagirite. Not fucceeding in the 
profeffion of arms, to whiclr it feems he firft applied 
himfelf, he turned his views to philofophy, and at‘17" 
years of age entered himfelf a difciple of Plato, and 
attended in the academy till the death of that philofoy 
pher. Ariftotle.then retired to Atarna, where the prince 
Hermias gave him his daughter to wife. Repairing 
‘afterwards to the court of king Philip, he became pre- 
ceptor to his fon, Alexander the Great, whofe education 
he attended for.the {pace of 8’ years; and by the mag+ 
nificent encouragement of this prince he was afterwards 
énabled to procure all forts of animals, from the in-’ 
{peftion of which to write the hiftory of them. On 
his quitting Macedon, he fettled at Athens, where he 
eftablifhed his feiiool, having the Lyceum.affigned him, 


by the magiftrates, for the place of his inflruétion of 
awith Pappus’s Explanations, in 1572. Dr. Wallis afs 


difputation ; where he became the head and founder of 
_the fe& called after his name, as alfo Peripatetics, from 
the circumftance of his giving inftruétions while walle 
ing. But being here accufed of impiety by Eurymedon, 
prieft of Ceres, and fearing the fate of Socrates, he re- 
tired to Chalcis, where he died at 63 years of age, and 
322 years before Chrift. Some fay that he poifoned 
himfelf, others that he died of a cholic, and others 
again pretend that he threw himfelf into the fea for 
grief that he could not difcover the caufe of the flux 
and reflux of the waters. Laertius, in his life of Arif. 
totle,. eftimates his’ books at the number of 4000; of | 
which however fcarce 20 have come down to us‘ thefe 
may be comprifed under five heads; the firf, relatiny 
to poetry and thetoric; the f*cond, to logics; the third, 
to ezhics and politics; tte fourth, to phyfics ; and the 
fifth, to metaphyfics. “In the fchools, Ariftotle has been © 
called the philofopher, and the prince of philofophers. 
And fuch was the veneration paid to him, that his opi+ 
nion was allowed to ftand ona level with reafon itfelf: 
nor was any appeal from it admitted, the parties, in ~ 
every difpute, being obliged to fhew, that their conclu- 
fions were no lefs conformable to the dottrine of Arif 
totle than to truth. : ae 
ARITHMETIC, the art and fcience of numbers ; + 
or, that part of mathematics which confiders their 
powers and properties, and teaches how to compute or 
calculate truly, and with eafe and expedition. It is by 
fome authors alfo defincd the fcience of difcrete quantity, 
Arithmetic confifts chiefly in the four principal rules or | 
operations of Addition, Subtraétion, Multiplication, | 
and Divifion ; to which may perhaps be added _inro- 
lution and evolution, or raifing of pawers and extrac- 
tion of roots. But befides thefe, for the facilitating and - 
expediting of computations, mercantile, aftronomical, ° 
&c, many other vlefal rules have been contrived, which ° 
are applications of the former, fuch as, the rule of prot , 
portion, progreffion, alligation, falfe pofition, fellow-_ 
thip, intereft, barter, rebate, equation of payments, re-; 
duction, tare andtret, &c. Befides the doctrine of the - 
curious and abftract properties of numbers. 3 
Very ‘little is known of the origin and invention of 
arithmetic. In faét it muft have commenced with man- 
kind, or as foon.as’ they began to hold any fort of-com~ 
: + merce. 
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merce together; and muft have undergone continual 
improvements, as occafion was given by the extenfion 
of commerce, and by the difcovery and cultivation of 
other fciences. It is therefore very probable that the 
art has been greatly indebted to the Phoenicians or ‘I'y- 
sians ; and indeed Proclus, in his-commentary on the 
firft book of Euclid, fays, that the Phoenicians, by rea- 
fon of their traffic and commerce, were accounted the 
firit inventors of Arithmetic. From Afia the art paffed 
into Egypt, whither it was carried by Abraham, ac- 
cording to the opinion of Jofephus. Here it was-greatly 
cultivated:and improved ; infomuch that aconfiderable 
part of the Egyptian philofophy and theology feems.to 
have turned altogether upon numbers. Hence thole 
wonders related by them about unity, trinity, with the 
nembers 4,7, 9, Sc. In effect, Kircher, in his Qedip. 
Egypt. fhews, that the Egyptians explained every 
thing by numbers; Pythagoras himfelf affirming, that 
the nature of numbers pervades the whole univerfe; and 
that the knowledge of numbersis the knowledge of the 
deity. 

From Egypt arithmetic was tranfmitted to the 
Greeks, by means of Pythagoras and other travellers ; 
among it whom it was greatly cultivated and improved, 
as appears by the writings of Euclid, Archimedes, and 
others: with thefe improvements it pafled to the Ro- 
mans, and from them it has defcended to us. 

The nature of the arithmetic however that is now in 
we, is very diferent from that above alluded to; this 
arthaving undergone a total alzeration by the introduc- 
tion of the Arabic notation, about 800 years fince, into 
Europe : fo that nothing now remains of ufe from the 
Greeks, brt the theory and abftraét properties of num- 
bers, which have no dependence onthe peculiar nature of 
any particular fcale or mode of notation, “That ufed by 
the Hebrews, Greeks, and Romans, was chiefly by 
“means of the letters of their alphabets. The Greeks, 
particularly, had two different methods; the firft of 
‘thefe was much the fame with the Roman notation, 
which is fufficiently well known, being fill in common 
ule with us to denote dates, chapters and fe&ions of 
books, &c. Afterwards they had a better method, in 
which the fir nine letters of their alphabet reprefented 
the firft numbers, from one to nine, and the next nine 
Jetters reprefented any number of tens, from one to nine, 
that is, 10, 20, 30, &e, to go. Any number of hun- 
dreds they exprefled by other letters, fepplying what 

they wanted with fome other marks or characters: and 
in this order they went on, ufing the fame letters again, 





cs ffioufinds, hundreds of thoufands, &c° In which it 
-‘is evideiit that they approached very near to the more 
wi H& decuple {cale of progreffion ufed by the Ara- 
“Shidns, and «ho acknowledge that they had received it 
from the Indians. Archimedes alfo invented another 
peculiar fcale and notation of his own, which he em- 
ployed in his Arenarius, to compute the number of the 
fands. Inthe 2d century of chriftianity lived Cl. Pto- 
“Temy, whe, it is fuppofed, invented the fexagefimal di- 
vilion of pumbers, with its peculiar notation and ope- 
rations : a mode of computation fill ufed in aftronomy 
&c, fer the fubdivitions of the degrees of circles. ‘Thole 
hotations however were iil adapted to the practical ope- 
rations of afithmetic ; and hence it is that the art adr 
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-century of Chrift. 


stwith fome different marks, to exprefs thoufands, tens of — 


vanced but very littl tn: this part ; for, fetting“afide 
Euclid, who has given many plain and wefol properties 
of numbers in his Elements, and Archimedes, in his 
Arenarius, they moftly confift in dry and tedious dif 
tin€tions and divifions of numbers ; as appears from the 
treatifes of Nicomachus, fuppofed to be written in the 
3d century of Rome, and publithed at Paris in 1538; 
as alfo that of Bocthius, written at Rome in the 6th 
A compendium of the ancient 
arithmetic, written in Greek, by Pfellus, in the gth 
century, was publifhed in Latin by Xylander, in 1956. 
A fimilar work was written foon after in Greek by Jo- 
docus Willichins ; and a more ample work of the fame 
kind'was-writeen by Jordanus, in the year 1200, and 
publithed with a comment by Faber Stapulenfis in 
Lao. 

Since’ the iftrodu@ion of the Indian notation into 
Europe, about the roth century, arithmetic has greatly 
changed its farm, the whole algorithm, or pratical ope- 
rations with numbers, being quite altered, as the nota- 
tion required; and the authors of arithmetic have 
gradually become more and more numerous. This me. 
thod was brought into Spain by the Moors or Saracens ; 
whither the learned men from all parts of Europe re- 
paired, to learn the.arts and fciences of them. ‘This, 
Dr. Wallis proves, began about the year 1000; par- 
ticularly that a monk, called Gilbert, afterwards Pope, 
by the name of Sylvefter II, who died in the year 1003, 
brought this art from Spain into France, long before 
the date of his death: and that it was known in Bri- 
tain before the year 1150, where it was brought into 
common ufe before 1250, as appears by the treatife of 
arithmetic of Johannes de Sacro Bofco, or Halifax, lio 


died about 1256. Since that time, the principal wri- * 


ters on this art have been, Barlaam, Lucas de Burgo, 
Tonftall, Aventinus, Purbach, Cardan, Scheubelius, 
‘Tartalia, Faber, Stifelius; Recorde, Ramus, Mauro- 
lycus, Hemifchius, Peletarius, Stevinus, Xylander, Ker- 
fey, Snellius, Tacquet, Clayius, Metius, Gemma Fri- 
fius, Buteo, Urfinus, Romanus, Napier, Ceulen, 
Wingate, Kepler, Briggs, Ulacq, Oughtred, Crager, 
Yan Schooten, Wallis, Dee, Newton, Morland, Moore, 
Jeake, Ward, Hatton, Malcolm, &c, &c; the- parti- 
cular inventions or excellencies of whom, will be no- 
ticed under the articles of the feveral fpecies or kinds 
of arithmetic here following, which may be included 
under thefe heads, viz. theoretical, pragical, inftrumental, 
hgarithmical, numerous, Specious, univerfal, commen or 
decudal, fractional, radical or of furdsy decimal; duode 
mal, fexagefimal, dynamical or binary, tetradycal, piliti- 
cal, Sec. oe e 
Theoretical ARATUMETIC, is the fcience of the prd- 
perties, relations, &c, of numbers, abftractedly confider- 
ed; with the reafons and demonftrations of the feveral 
rules, Such is that contained ia the 7th, 8:h, and gth - 
books of Euclid’s Elements; the Logiffics of Barluam. 
the monk, publifhed in Latin by J. Chambers, ii-x600 ; 
the Summa Arithmetica of Lucas de Burgo, printed 1494, 
who gives the feveral divifions of tmmbers from Nico- 








machus, and. their. properties from, Euclid, with ‘the - 


algorithm, both in integers,, frations, extraction of 
roots, &¢ 3; Malcolm’s New Syfem of Arithmetic, thec- 
retical and pradtical, in 17 30, in which the fabjectis very 
completely treated, in ali its branches, &c. ve 
Pradical 
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Practical ARUT HMETIC, etheart or practice of num- 
hering or computing ; that is, from certain numbers 
given, to find others which fhall have any propofed re- 
fation to the former. As, having the two numbers 4 
and 6 given; to find their fam, which is 10; or their 
difference, which is 2; or their product, 24; or their 
quotient, 145 or a third proportional to them, which 
is 9; &c.—Lucas de Burgo’s works contain the whole 
practice of arithmetic, then ufed, as well as the theory. 
"Tunitall gave a neat practical treatife of Arithmetic in 
15263 as did Stifelizs, in 1544, both on the practical 
and other parts. Tartalea gave an entire body of prac- 
tical arithmetic, which was printed at Venice in-1556, 
confifting of two parts; the former, the application of 
arithmetic to civil ufes; the latter, the grounds of Al- 
gebra. And moft of the authors in the lift before ha- 
merated, joined the practice of arithmetic with, the 
theory. 

Binary or Dyadic AnituMeric, is that in which 
only two figures are ufed, viz, 1 ande. See Binary. 
~~-Leibnitz and De Lagny both invented an arithmetic 
of this fort, about the fame time: and Dangicourt, in 
the Mifcel. Berol. gives a {pecimen of the ufe of it in 
arithmetical progreffions; where he thews, that the 
laws of progreffion may be more eafily difcovered by it, 
pee any other method where more characters are 
ufed. 

~ Commen or Vulgar Anitumetic, is that which is 
concerning integers and valgar fraétions. 

Decimal or Decadal Anitumetic, is that which is 
performed by a feries of ten characters or figures, the 
progreffion being ten-fold, or from 1 to 10's, 100's, &C. ; 
which includes both integers and decimal fractions, in 
the common {cale of numbers; and the characters ufed 
are the ten Arabic or Indian figures 0, 1, 2, 3,4, 5, 6, 
7,8, 9. This method of arithmetic was not known to 
the Greeks and Romans; but was borrowed from the 
Moors while they poffeffed a great part of Spain, and 
who acknowledge what it came to them from the Indians. 
It is probable that this method took its origin from the 
ten fingers of the hands, which were ufed in computa- 
tions before arithmetic was brought into‘anart. The 
Eaftern miffionaries affure us, that to this day the Indi- 
ans are very expert at computing on their fingers, with- 
out any afefo pen and ink. And it is afferted, that 
the Peruvians, who perform all computations by the 
different arrangements of grains of maize, outdo any 
European, both for certainty and difpatch, with all his 
tules. 

Duodecimal Axitumetic, is that which proceeds 
from 12 to 12, or by a continual fubdivifion according 
to 12, This is greatly ufed by moft artificers, in ca!- 
culating the quantity of their work ; as Bricklayers, 
Carpenters, Painters, Tilers, &c. 

Frafional ARATHMETIC, OF of frafions, is that which 
treats of fragtions, both vulgar and decimal. 

Harmonical Anit ME TIC, is fo much of the do&rine 
of numbers, as relates to the making the comparifons, 
reduétions, &c. of mufical intervals. 

AatTHMETs¢ of Infinites, is the method of §{:mming 
up-a feries of numbers, of which the numbers of terms 
isinfinite. ‘This method was firft invented by Dr. Wal- 
lis, as appears by his treatife on that fubje&t; where 
he fhews its ufes in geometry, in finding the areas of 


fuperficies, the contents of folids, &c. But the method 
of fluxions, which isa kind of univerfal arithmetic of 
infinites, performs all thefe more eafily ; as well as a 
great many other things, which the former will not 
reach. + 

Inftrumental AxvTMMETIC, is that in which the com- 
mon rules are performed by inftruments, or fome fort of 
tangible or palpable fubftance. Such are the methods 
of computing by the ten fingers and the grains of maize, 
by the Eaft Indians and Peruvians, above-mentioned ; by 
the Abacus er Shwanpan of the Chinefe; the feveral 
forts of fcales and fliding rufes; Napier’s bones or rods ; 
the arithmetical machine of Pafcal, and others ; Sir Sa- 
muel Morland’s inftrument, defcribed in 1666; that of 
Leibnicz, defcribed in the Mifcell. Berol, ; that of Po- 
lenus, publithed in the Venetian Mifcellany, 1709; and 
that of Dr, Saunderfon, of Cambridge, defcribed in 
the introduétion to his algebra. 

Integral ARATHMETIC, OF of integers, is that which 
refpeéts integers, or whole numbers. 

Literal or Algebra Antrumetic, is that which is 
performed by lexters, which reprefent any numbers in- 
definitely. a 

Logarithmical Anitumetic is performed by the 
tables of logarithms. ‘Thefe were invented by baron 
Napier ; and the bett treatife on the fubject, is Brigys’s 
Arithmetica Logarithmica, 1624. 

Logiftical Anirumetic. See Locisticat, 

Numervus or Numeral Arivumeric, is that which 
teaches the calculus of numbers, or of abftraét quan. 
tities; and is performed by the common numeral or 
Arabic charafters. 

Political Ans tH METIC, isthe application of arithmetic 
to political fubjects; fuchas, the strength and revenues 
of nations, the number of people, births, burials, &c. 
See Porrricat Arithmetic. To this head may alfo 
be referred the doétrine of Chances, Gaming, &c. 

Aritametic of Radicals, Rationals, and Irrationals. 
See Ranicat, &e. : 

Sexagefimal or Sexagenary ARITHMETIC, te that which 
proceeds by fixties; or the doétrine of fexagefimal frac- 
tions: a method which, it is fuppofed, was invented by 
Ptolemy, in the 2d century ; at leaft they were ufed by 
him. {n this notation, the integral numbers from 1 to 5 
were exprefled in the common way, by the alphabetical 
letters: then fixty was called a jexagena prima, and 
marked with a dath to the character, thus 1’; twice 
fixty, or 120, thus II’; and fo on to $9 times 60, or 
3540, which is LIX’, Again, 60 times 60, or 3600, 
wascalled fexagena fecunda, and marked with twodahhes, 
thus 1’; twice 36co, thus I”; and ten times 3600, 
thus X“; &c. And in this way the notation was con. 
tinued to any Jength. But when a number lefs than 
fixty was to be joined with any of the fexagefimal in- 
tegers, their proper exprefiion was annexed without the 
dafh: thus 4 times 60 and 25, is IV’XXV; the fum 
of twice 60 and 10 times 3606 and 45, is X”II'XV. 
So near did the inventor of this method approach to 
the Arabic noration : inftead of the fexagefimal progref- 
fion, he had only to fubititute decimal; and to make 
the figns of numbers, from 1 to g, fimple characters, 
and to introduce another charaéter, which thould fig- 
nify nothing by itfelf, but ferving only to fill up places., 
— The fexagenes integrorum were toon laid afide, in or. 

dinary 


ARI [ 


dinary calculations, after the introduétion of the Arabic 
notation ; but the fexagefimal fraétions continued till 
the invention of decimals, and indeed are ftill ufed in the 
fubdivifions of the degrees of circular arcs and angles. 

Sam. Reyher has invented a kind of fexagenal rods, 
in imitation of Napier’s bones, by means of which the 
fexagefimal arithmetic is eafily performed. 

Specious ARITHMETIC, is that which gives the cal- 
culas of quantities as defigned by the letters of the 
alphabet: a method which was more generally intro- 
duced into algebra, by Vieta; being the fame as literal 


- arithmetic, or algebra.—Dr, Wallis has joined the nua- 


meral with the literal calculus ; by which means he has 
demonftrated the rules for fraétions, proportions, ex- 
traction of roots, &e. ; of which a compendium is given 
by himfelf, under the title of Mlementa Arithmeticz, in 
the year 1698. 

Tabular Ant ruMeETIC, is that in which the opera- 
tions of multiplication, divifion, &c. are performed by 
means of tables calculated for that purpofe: fuch as 
thofe of Herwart, in 16103; and my tables of powers 
and products, publithed by order of the Commiffioners 
of Longitude, in 1781. 

Tetradic ARITHMETIC, Is that in which only the 
four charagters 0, 1, 2,3 are ufed, A treatife of this 
kind of arithmetic is extant, by Erhard or Echard 
Weigel, But both this, and binary arithmetic, are lit- 
tle better than curiofities, efpecially with regard to prac- 
tice ; as all numbers are much more compendioufly and 
conveniently exprefled by the common decuple fcale, 

Vulgar, ox Common ARITHMETIC, is that which is 
converfant about integers and vulgar fra@tions. 

Univerfal ARITHMETIC, is the name given by New- 
ton to the fcience of algebra ; of which he leftat Cam- 
bridge an excellent treatife, being the text-book drawn 
up for the ufe of his le€tures, while he was profeflor of 
Mathematics in that Univerfity. 

ARITHMETICAL, fomething relating to or after 
the manner of arithmetic. 

AxttaMericaL Complement, of a logarithm, is what 
the logarithm wants of 1a*0@000 &c.; and the eafieft 
way to find itis, beginning at the left hand, to fabtraét 
every figure from g, and the laft from 10. So, the arith- 
metical complement, of 8°2501396 is 1'7498604.—It 
is commonly ufed in trigonometrical calculations, when 
the firft term of a proportion is not radius ; in that cafe, 
adding all together, the logarithms of the 3d, 2d, and 
arithmetical complement of the 1ft term. 

ARITHMETICAL Inftruments, or Machines, are in- 
ftruments for performing arithmetical .computations ; 
fuch as Napier’s bones, {eales, fliding rules, Pafcal’s 
machine, &c. 

ARITHMETICAL Mean, or Medium, is the middle 
term of three quantities in arithmetical progreffion ; and 
is always cqual to half the fum of the extremes. So, an 
arithmetical mean between 3 and 7, is 5 ; and between 


aand 5, sete, or 3446. 


x 
ArirHMETICAL Progrefion, is a feries of three or 
more quantities that have all the fame common differ- 
ence: as 3, 5,7, &¢. which have the common differeac= 
2;and a,a-+ d, a 2d, &¢, which have all the fame 
difference ¢. 
You. lL 
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In an arithmetical progreffion, the chief properties 
are thefe: 1ft, The fum of any two terms, is equal to 
the fum of every other two that are taken ac equal dif- 
tances from the two former, and equal to double the 
middle term when there is one equally diftant between 
thofe two: fo, in the feries 0, 1, 2, 3,4, 5, 6, &e, 
of 6 tif 5 24 4= twice 3 or 6.—2d, The 
fum of all the terms of any arithmetical progreifion, 1s 
equal to the fum of as many terms of which each is the 
arithmetical mean between the extremes; or equal to 
half the fum of the extremes multiplied by the number 
of terms: fo, the fum of thefe ten terms 0, I, 2, 3. 4, 


> 6,7, 8, is 2h9 x 10,0rg % 5, which is 43: 
52 6,7, 859 5 9%5 +5 


and the reafon of this will appear by inverting the terms, 
fetting them under the former terms, and adding cach 
two together, which will make double the fa:ne feries; 
thus ©, 9, 2, 39 45 5. O 7s 3, g 
inverted 9, 8, 7, 6. 5) 45 3) 201+ 0. 
fums 9, 9) 9) 9s 9 Yr Dr Ds G5 
where the double fries being the fame number of g's 
or fum of the extremes, the fingle feries muit be the half 
of that fum,—3d, ‘he lait, or any term, of fuch a 
feries, is equal to the fir term, with the product udded 
of the common diffesence muliiplied by 1 lefs thant 
number of terms, when the feries aicends or increafes; 
or the fame produét fubtratted when the feries defcends 
or decreafes: fo, of the feries t, 2, 3, 4, &c, whoit 
common difference is 1, the sothterm is i + 1 X 49, 
or 1 + 49, that is 50; and of the feries 50, 49, 48, 
&c, the soth term is 50 —= t X 49,01 §0—4g, which 
is 1. Alo, if a denote the leait tern, 
x the greateft term, 
d the common difference, 
n the number of the terms, 
ands the fum of them all; 


then the principal properties are expreffed by thefe 
equations, viz. 








omnes 
zmatd.n—l, 
Amimdin—msbiyg 


sma -- mn, 





smu-kd.n—ien 





smatkd.nmi.n 
Moreover, when the first term a, is o or nothing ; the 


theorems become x = d.in—i, 


and s = fxn, 


ArituMericat Proportion, is when the difference 
between two terms, is equal to the difference between 
other two terms. So, the four terms, 2, 4, 10, 12, are 
in arithmetical proportion, becaufe the difference be» 
tween 2and 4, which is z, is equal to the difference 
between 19 and 12.—'The principal property, befides 
the above, and which indeed depends upon it, is this, 
that the fum of the firft and laft, is equal to the fum of 
the two means: fo 2 -+ 12, or the fum of 2 and 12, is 
equal 4 4 10, or the fum of 4 and to, which is 14. 
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AnitHMETICAL Ratio, isthe fame as the difference 
of any two terms: fo, the arithmetical ratio of the 
feries 2, 4, 6, 8, is 23 and the arithmetical ratio of 2 
and 6, isa — 4 : 

ARITHMETICAL Scales, a name given by M. de 
Buffon, in the Memoirs of the Acad. for 1741, t0 differ- 
ent progreffions of numbers, according to which, arith- 
metical computations might be made. Jt has already 
been remarked above, that our common decuple fcale 
of numbers was probably derived from the number of 
fingers on the two hands, by means of which the earlieft 
and moft natural mode of computation was performed ; 
and that other feales of numbers, formed in a fimilar 
way, but of a different number of charaéters, have been 
devifed ; fuch as the binary and tetrattic {cales of arith- 
metic, In the memoir above cited, Buffon gives a 
Short and fimple method to find, at once, the manner of 
writing down a number given in any fcale of numbers 
aghatever; with remarks on different fcales. ‘The ge- 
neral effeél of any number of characters, different from 
ten, is, that by a fmaller number of charaéters, any 
given number would require more places of figures to 
exprefs or denote it by, but then arithmetical calcula- 
tions, by multiplication and divifton, would be eaffer, 
as the {mall numbers 2, 3, 4, &¢, are eafier to ufe than 
the larger 7,8, 93 and by employing more than ten 
charaétess, although any given number would be ex- 
prefied by fewer cfthiem, yet the calculations in arith- 
metic would be more difficult, as by the larger numbers 
aa, 12,43, &c. It js therefore concluded, upon the 
whole, that the ordinary decuple feale is a good conve- 
nient medium among them all, the numbers exprefied 
being tolerably fhort and compendious, and no fingle 
charaéter reprefenting too large a number. The fame 
might alfo be faid, and perhaps more, of a duodecimal 
feale, by twelve charaéters, which would exprefs all 
numbers in a more compendious way than the decuple 
ane, and yet no fingle charadter would reprefent a num- 
ber too large to compute by ; as is confirmed by the 
now common prattice of extending the multiplication 
table, in fchool books, to 12 numbers or dimenfions, 
each way, inftead of 105 and every perfon is taught, 
with fufficient eafe, to multiply and divide by 11 and 
12 as eafily as by 8 or 9 or Io. Another convenience 
might be added, namely, that the number 12 admitting 
of more fubmultiples than the number 10, there would 
be fewer expreffions of interminate fractions in that way 
than in decimals. So that on all accounts, it is very 
probablethat the deodecimal would be the bet of any 
{eale of numbers -whatever. 

ARITHMETICAL Triangle. 
ANGLE, 

‘ARMED. A magnet or loadftone is faid to be armed, 
when it is capped, cafed, or fer in iron or fteel; to 
make it take up a greater weight; and alfo readily to 
diftinguifh its poles. 

It 3s furprifing, that a little iron faftened to the poles 
ofa magnet, fhould fo greatly improve its power, as 
ta make it even 150 times ftronger, or more, than it 
is naturally, or when unarmed. The effe& however, 
it feems, is not uniform; but that fome magnets, by 
arming, gain much more, and ethers mach lefs, than 
one would expec; and that fome magnets even lofe 
fume of their eflicacy by arming. In general, however, 
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the thicknefs of the iron armour ought to be nearly pro- 
portioned to the natural ftrength of the magnet ; giving 
thick jronsto a ftrong magnet, and to the weaker ones 
thinner: fo thata magnet may eafily be over-loaded, 

‘The ufual armour of a load-ftone, in form of a right- 
angled parallelopipedon, confifts of two thin pieces of 
jron or feel, ofa {quare figure, and of a thicknefs pro- 
portioned to the goodnefs of the ftone; the proper thick- 
nefs being found by trials ; always filing it thinner and 
thinner, till the effeét be found to be the greateft pof- 
fible-— The armour of a {pherical load-ftone, confilts of 
two fteel fhells, fattened together bya joint,and covering 
a good part of the convexity of the ftone. This alfo isto 
be filed away, till the effect is found to be the greateit. 

Kircher, in his book de Magnete, fays, that the 
beft way to arm a_load-ftone, is to drill a hole 
through the fone, from pole to pole, in which is 
to be placed a feel rod of moderate length: this 
rod, he afferts, will take up more weight at the end, 
than the ftone itfelf when armed in the common way. 
And Gaffendus and Cabzus prefcribe the fame method 
of arming. But Mufchenbroek found, by repeated 
trials, that the ufual armour already mentioned, is pre- 
ferable to Kircher’s ; and he gives the following direc~ 
tions for preparing it. When, by means of ftcel filings 
and a {mall needle, the poles of a magnet have been 
difcovered, he direéls that the adjacent parts fhould be 
rubbed or ground into parallel planes, without fhorten- 
ing the polar axis; and the magnet may be afterwards 
fhaped into the figure of a cube or parallelopipedon, or 
any other figure that may be more convenient, Plates 
ofthe foftet iron are then prepared, of the fame lengtlr 
and breadth with the whole polar fides of the magnet: 
the thicknefs of which plates, fo as that they may ad- 
mit and convey the greatelt quantity of the magnetic 
virtue, is to be previoufly determined by experiment, 
in a manner which he prefcrikes for the purpofe, A 
thicker piece of iron is to be annexed at right angles 
to thefe plates, which is called pes armature, the foot 
or bafe of the armour: then the plates, nicely {moothed 
and polithed, are to be firmly attached to each of the 
polar fides, while the thicker part or bafe is brought 
into clofe contaét with the lower part of the magnet. 
In this way, he fays, almoft all the magnetic virtue if- 
fuing from the poles, enters into the armour, is directed 
to the bafe, and condenfed by means of its roundnefs, 
fo as to fuftain the greateft weight of iron. Phyf Exper. 
and Geom. Differt. 1729, pa. 133. 

ARMILLARY Sp/ere, a name given to the arti- 
ficial {phere, compofed of a number of circles of metal, 
wood, or paper, which reprefent the feveral circles of 
the fvftem of the world, put together in their natural 
order. It ferves to afi the imagination to conceive 
the difpofition of the heavens, and the motion of the 
celeftial bodies. 

This {phere is reprefented at Plate If, Fig. 6, where 
P and Q reprefent the poles of the world, AD the 
equator, EL the ecliptic and Zodiac, PAGD the me- 
ridian, or the folfitial colure, T the earth, FG the 
tropic of cancer, HT the tropic of capricorn, MN 
the artic circle, OV the antarétic, N and O the poles 
of the ecliptic, and RS the horizon. 

The Armillary {phere conitruéted not long fince by 
Dr. Long, jn Pembroke-hall, Cambridge, is 18 feet ir 

- diameter 5 
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diameter ; and will contain more than 30 perfons fitting 
within it, to view, as from a centre, the reprefentation 
of the celeftial {pheres. ‘The lower part of the fpiere, 
which is not vifible to England, is cut off; and the whole 
apparatus is fo contrived, that it may be turned round 
withas little labour as is employed to wind up a com- 
mon jack. 

See alfo Mr. Fergufon’s fphere in his Le&ures, 
P. 194. 

ARMILLARY Trigonomeler, an inftrument firft con- 
trived by Mr. Mungo Murray, and improved by Mr. 
¥ergafon, confifting of five femicircles; viz, meridian, 
vertical circle, horizon, hour circle, and equator ; fo 
adapted to each other by joints and hinges, and fo di- 
vided and graduated, as to ferve for expeditioufly re- 
folving many problems in aftronomy, dialling, and {phe- 
rical trigonometry. ‘The drawing, defeription, and 
method of ufing it, may be feen in Fergufen’s Trats, 
pa. 80, &e. 

ARTIFICIAL Nunders, Sines, Tangents, &c. are 
the fame 2s the Logarithins of tae natural numbers, 
fines, tangents, &c. 

ARTILLERY, the heavy equipage of war; com- 
prehending all forts of large fre-arnis, with their ap- 
purtenances; as cannon, mortars, howitzers, balls, fhells, 
petards, mufquets, carbines, &c; being what is other~ 
wile called Ordnance. ‘Fhe term is alfo applied to the 
larger infruments of war ufed by the ancients, as the 
catapult, balifta, battering ram, &c. 

The term rsillery, or Royal Artillery, is alfo applied 
to the perfons employed in that fervice ; and likewile to 
the art or fcience itfelf; and formerly it was uled for 
what is otherwife called pyrctechnia, or the art of fire- 
works, with the apparatus and initruments belonging 
to the fame. 

There have been many authors on the fubject of ar- 
tillery; the principal of which are, Bucherius, Brauni- 
us, 'Tartalea, Collado, Sardi, Ufano, Hanzelez, Digges, 
Moretti, Simienowitz, Mieth, d’Avelour, Maneffon, 
Mallet, St. Julien ; and the later authors, of {till more 
confequence, are Belidor, St. Remy, fe Blond, Valiere, 
Morogue, Puget, Coudray, Robins, Muller, Euler, 
Antoni, ‘Tignola, Scheele ; to which may be added the 
extenfive and accurate experiments publifhed in my 
18 vol. of Traéts, and in the Philof. Tranf. for 1778. 

Park of ARTILLERY, is that place in a camp which 
is fet apart for the Artillery, or large fire arms. 

Traile or Train of ARTILLERY, a number of pieces 
of ordnance, mounted oncarriages, with all their furni- 
ture ft for marching. ‘Io this commonly belong inor- 
tars, cannon, balls, thells, &c.— There are trains of Ar- 
tillery in molt of the royal magazines ; as inthe Tower, 
at Portimouth, Plymouth, &c, but, above all, at Wool- 
wich, from whence the fhips commonly receive their 
crdnance, and where they are all completely proved 
before they are received into the public fervice. 

‘Lhe officers and men of the arullery were formerly 
called alfo the Train of Artillery, but are now called 
the Royal Regiment of Artillery ; confifting at prefent 
of four battalions, befides a battalion of invalids, and 
four troops of Horfe or Cavalry Artillery. 

ASCENDANT, in Affrology, denotes the horo- 
feape; or the degree of the ecliptic which rifes upon 
the horizon, at the time of the birth of any one.—This; 


7 ASC 


n influence on the perfon’s life and 

him a hent and propenfity to one 
thing more than other.—In,the fcience of Aftrology, 
this is called the firft houfe, the Oriental angle, or 
angle of the Eaft, and the fignificator of life: and the 
aftrologer feys, fach a planet ruled in his Afcendant, or 
Jupiter was in his Afcendant, &c. 

ASCENDING, in Affronomy, a term ufed to de- 
note any ftar, or degree, or other point of the heavens, 
tifing above the horizon. 

Ascenpine Latitude, is the latitude of a planet 
when going towards the north. 

Ascenpine Node, is that point of a planet's orbit 
where it crofles the ecliptic, in proceeding northwa-d. 
It is otherwife called the Northern Node, and is de- 
noted by this charagter QQ, rep efenting a node, or 
knot, with the larger part upwards ; like as the fame 
charaGer reverfed is ufed to denote the oppofite, or 
Defcending Node. 

Ascemving Signs, are 
or rife, froar the nadir or lowelt p 
towards the zenith, or highedt p sing, 

ASCENSION-Day, otherwile ca'led Holy Thur fdare 
is a fettival of the charch, held 10 days before Whit- 
funday, in memory of our Saviour’s Alcention. 

ASCENSION, in Aftronomy, is einer Right or 
Obiique. 

Right Ascension of the fun, or.of a fkar, is that 
degree of the equinodtial, accounted from the beginning 
of Aries, which rifes with them, in a right {phere.--~ 
Or, Right Afcenfion, is that point of the equino@ial, 
counted as before, which comes to the meridian with 
the fun or Rar, or other point of the heavens. And 
the reafon of thus referring it to the meridian, is, be- 
caufe this is always at right angles w We equinoctial ; 
whereas the horizon is fo only in a sight or diredt 
fphere.—Tli¢ right afcention, ftands oppofed to the 
right defceufion; and is fimilar to the longitude of 
places pn the earth, All the fixed ftars, &c, which 
have the fame right-afcenfion, that is, which are at the 
fame diitance from the firft point of Aries, or, which 
comes to the fame thing, which are in the fame meri- 
dian, rife at the fame time ina right {phere, namely, 
to the people who live at the equator. And if they be 
not in the fame meridian, the difference between their 
times of rifing, or of coming to the meridian of any 
place, isthe precife difference of their right afcenfion.— 
But, in an oblique fphere, where the horizon cuts all the 
meridians obliquely, different points of the fame me- 
ridian never rife or fet together: fo that two or more 
ftars on the fame meridian, or having the fame right af- 
cenfion, never rife or fet at the fame time in an oblique 
{phere ; and the more oblique the {phere is, the greater 
is the interval of time between them. 

To find the right afcenfion of the fun, ftars, &c. by 
Trigonometry, fay, As radius is to the cofine of the 
fun’s greatett declination, or obliquity of the ecliptic, 
fo is the tangent of the fun’s or ftar’s longitude, to the 
tangent of the right afceniion. 

Richt Ascension cf the Mid- beeen, often ufed by 
aftronomers, efpecially in calculating eclipfes by means 
of the nonagefimal degree, is the right a‘cention of that 
point of the equator which is in the meridian; and it 
is equal to the fam of the fan's right afcenfien and 
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the horary angle ar tric time reduced to degrees, or to 
the fam of the mean longitude and mean time. 

Oblique ASCXNS10N, if'an arch of the equator inter- 
cepted between the firft point of Aries, and that point 
af the equator which rifes to; ether with the ftar, &c, in 
an oblique {phere—The Oblique Afcenfion is counted 
from weft to ealt; and is greater or lefs, according to the 
various obfiquity of the fphere.—To find the Oblique 
Afcenfion of théfan, fee Ascension at and Grose. 

The Arch of Oblique Afcenfion, is an arch of the horizon 
Gntercepted between the beginning of Aries, and the 
point of the equator with rifes with a ftar or planet, inan 
oblique {pheres and it varies with the latitude of the place. 

Refradtion of ASCENSION and Defcenfon. See Re- 
FRACTION. 

'ASCENSIONAL Diererence, is the difference 
between the right and oblique afcenlion of the fame 
point on the furlace of the fphere. Or it is the time 
the fan rifes or fets before or after 6 o'clock. 

To find the Afcenfiona! Difference, having given 
the fin’s declination and the latitude of the place, fay, 
‘As radius is to the tangentof the latitude, fo is the 
tangent of the fun’s declination to the fine of the 
Afcenfional Difference fought. The fun’s Afcenfional 
Difference converted into time, thews how much he 
rifes before, or fets after, 6 o'clock. When the fun has 
north declination, the right afcenfion is greater than 
the oblique 5 but the contrary, when the fun has fouth 
declination ; and the difference, in either cafe, is the 


” Afcenfional Difference. 


bodies to a principle of Jevity, inkerent in them. 


‘ASCENT, the motion ofa body from below tending 
upwards ; or the continual recefs of a body from the 
earth, or from fome other centre of force. And it is 
oppofed to akfeent, or motion downwards. 

Phe Peripatetics attributed the fpontaneous see 

ut 
the moderns deny that there is any fuch thing as fpon- 
Fincous levity; and they fhew, that whatever afcends, 
does fo by virtue of fome external im ulfe or extrafion, 
"Thus it is thar {moke and other rare odies, afcend in 
the atmofphere ; and oil, light woods, &c, in water: 
not by any inherent principle of levity ; but by the 


* fuperior gravity, or tendency downwards of the medium 


in which they alcend and float. 

The afcent of light bodies in heavy mediums, is pro- 
duced afier the fame manner as the afcent ofthe lighter 
feate of a balance. It is not that fuch feale has an 
internal principle, by which it immediately tends up- 
wards; but it is impelled upwards by the préponderancy 
of the othcr fale; the excefs of the weight in the one 
having the fame effe&t, by augmenting its impetus 
downwards, 2s fo much real levity in the other: be- 
cavfe the tendencies matually oppofe each other, and 
aétion and reatticn are always equal.—See this farther 
jliuftrated under the articles Fiurp, and Specific 
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Ascen'r of Badies on Inclined Planes. See the doc- 
trine and laws of them under IncLineD PLane. 
“Ascent of Fluids, is particularly underitood -of 
their riling above their own level, between the furfaces 
of nearly contiguous bodics, or in flender capillary giafs 
tubes, or in veffels filled with fand, athes, or the like 
porous fubflances, Which is an effect that takes place 
a. well in vacuo; as in the open air, and in crooked, 
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as well as ftraight tubes. Indeed fome fluids afcend 
fwifter than others, as fpirit of wine, and oil of tar- 
pentine; and fome rife after a different manner from 
others. ‘The: phenomenon, with its caufes, &c, in the 
inftance of capillary tubes, will be treated more at large 
under CapiuLary Tube. 

As to planes : ‘I'wo fmooth polithed plates of glaf, 
metal, ftone, or other matter, being placed almoft con+ 
tiguous, have the effect of feveral capillary tubes, and the 
Auid rifes in them accordingly : the like may be faid ofa 
veffel filled with fand, &c; the various {mall interftices 
of which form, as it were, a kind of capillary tubes. 
So that the feme principle accounts for the appearance 
in them all. And to the fame caufe may probably be 
aferibed the afcent of the fap in vegetables. And on 
this fubje& Sir I. Newton fays, * If a large pipe of 
‘glafs be filled with fifted afkes, well preffed together, 
and one end dipped into ftagnant water, the fluid 
will a(cend flowly in the athes, fo as in the {pace ofa 
week or fortnight, to reach the height of 30 or 40 
inches above the ftagnant water. This afcent is wholly 
owing to the action of thofe particles of the athes which 
are upon the furface of the elevated water; thofe within 
the water attraéting as much downwards as upwards ; 
it follows, that the aétion of fuch pric is very ftrong 5 
though being lefs denfe and clofe than thofe of glafs, 
their aétion is not equal to that of glafs, which keeps 
quickfilver fafpended to the height of 60 or 70 inches, 
and therefore ats witha force which would keep water 
fafpended to the height of above-6o feet. By the fame 
precle, a fpunge fucks in water, and the glands in the 

dies of animals, according to their feveral natures 
and difpofitions, imbibe various jeices fromthe blood.’ 
Optics, pa. 367- 

Again, if a drop of water, oil, or other fluid, be 
dropped upon a glafs plane, pe endicular to the ho- 
rizon, fo as to ftand without brea! ing, or running off ; 
and another plane touching it at one end, be gradually 
inclined towards the former, till it touch the drop; then 
will the drop break and move along towards the touch- 
ing end of the planes; and it will move the fatter in 
proportion as it proceeds farther, *beeaule the diftance 
between the planes is conftantly diminifhing. And af 
ter the fame manner, the drop may be brought to any 
part of the planes, either.upward or downward, or fide- 
ways, by altering the angle of inclination. 

Laftly, if the fame perpendicular planes be fo placed, 
as that two of their fides meet, and form a fmall angle. 
the other two being only kept apart by the interpofition 
ef fomethin body ; and thus immerged ina fluid, tinged 
with fome colour to rénder it vilible; ‘the Auid will 
afcend between the planes, and that the highest where 
the planes are neareft ; fo as to forma curve line which 
js found to be a true hyperbola, of which one of the 
afymptotes is the line of the fluid, the other being a 
Tine drawn along the touching fides. 2 

And the phyfical caufe of ali thefe phenemena, is the 
fame power of attraction. 

Ascent of Vapour. See Croup and Vapour. 

Ascext, in Afronomy, &c. See ASCENSION. 

Ascii, are thofe inhabitants of the globe, who, at 
certain times of the year, have no fhadow. Such are the 
inhabitants of the torrid zone, who twice a year having 
the fun at noon in their zenith, have then no fhadow, 
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- <> ASELLI, two fixed flars of the fourth magnitude, in 
the conftellation Cancer. 

ASH-We pygspay, the firft day of Lent, fuppofed 
to have been fo called from a cuftom in the church, of 
fprinkling athes that day on the heads of penitents then 

, admitted to penance. 

ASPECT, is the fituation of the ftars and planets in 
icrefpedt of eachother. Or, in Aftrology, it denotes a 
certain configuration and mutual relation hetween the 
planets, arifing from their fituations in the zodiac, by 
which itis fuppofed that their powers are mutually either 
jncreafed or diminithed, as they happen to agree or dif- 
agree in their ative or paffive qualities. “Though fuch 
configurations may be varied and combined a thoufand 


ways, yet only a few of them are confidered. Hence, 


Wolfus more accurately defines afpect to be, the meet- 
~ dug of luminous rays emitted from two planets to the 
earth, either pofited in the fame right line, or including 
an angle which is an aliquot‘part, or fome number of 
aliquot parts, of four right angles, or of 360 degrees. 

The dogtrine of afpeéts was introduced by the aftre- 
Iogers, as the foundation of their predictions. And 
hence Kepler defines afpeé to be, an angle formed by 
the rays of two planets meeting on the earth, capable of 
exciting fome natural power or influence. 

The ancients reckoned five afpects, viz, conjunéion, 

* fextile, quartile, trine, and oppofition. 

Conjunétion is denoted by this character 6, and is 
when the planets are in the fame fign and degree, or 
have the fame longitude. 

Sextile is denoted by 3, and is when the planets 
are diftant by the 6th part of acircle, or 2 figns, or 
60 degrees, 

Quartile is denoted by (J, and is when the planets 
are dittant % of the circle, or go degrees, or 3 figns. 

_ Trine is denoted by AA, and is when the planets are 
ra by }of the circle, or 4 figns, or 120 degrees. 
An 

Oppofition is denoted by §, and is when the planets 
are in oppofite points of the circle, or differ by ¢ the 
ciicle, or 6 figns, dr 180 degrees of longitude. 

Or their charaéters and diitances are as inthis follow- 
ing tablet, 


NAME, CHARACTER, DISTANCE. 
Conjunction + fo} 02 
Sextile - - - * 60 
Quartile ~ - - ia) go 

, Trine + + + A 120 
; Oppotition -- § ‘ 180 


*) (hefe intervals are reckoned according to the longi- 
tides of the planets; fo that the afpééts are the fame, 
s#iether the planet be in the ecliptic or out of it. 
‘To:the five ancient afpeéts, modern writers have 
added feveral more : as decile, for the roth part of a 
circle 5 tridecile, or 335 5 and biquintile, or $ of a circle. 
And Kepler adds others, from meteorological obferva- 
tiond,'as he tells us: a the femifextile, being +, or 30°; 
and guincunx, or =5;, or 150°. Laiftly, to the aftrolo- 
eal phyfciacs, &c, we owe odfile, or | 5 triodtile, or 33 
and quintile, 3 of the circle. 
"The afpeéts are divided with regard to their fap- 
pofed influences, into denign, malign, and indifferent. 


. . 


[ 49 } 


ASS. 


The trine and fextile afpeéts being efteemed benign | 
or friendly ; the quartile.and oppofition, malign or un- 
friendly ; and the conjnnétion an soci egent afpect. 

Afpeds are alfo diftinguifhed into partile and platic. 

Partile Aspect, is when the planets are juft fo many 
degrees diftant, as are exprefled above. And thefe only 
are the proper afpedts, 

Platic Aspect, is when the planets do not regard 
each other exaétly from thefe very degrees of diftance s 
but the one exceeding as much as the other falls fhort. 
So that the one does not caft its rays immediately on 
the body of the other, but only on its orb or {phere of 
light. : 
eASPERITY, fignifies the inequality or roughnefs 
of the furface of any. body ; by which fome parts of it 
are more prominent than the reft, fo as co hinder the 
hand, &c. from paffing over it with eafe and freedom ; 
and thus producing what is called friction.—Afperity, 
or roughnefs, ftands oppofed to {moothnels, evennels, 
politure, &c. Poe 

According to the relations of Vermaufen, the blind 
man fo celebrated for diftinguifhing colours by the 
touch, it feems that every colour has its peeuliar degree 
and kind of afperity. He makes black the roughett, 
as itis the darkeft of colours; but-the others are not 
fmoother in proportion as they are lighter 5 that is, 
the rougheft do not always reflect the leaft light: for, 
according to him, yellow is two degrees:rougher than 
blue, and as mach fmoother than green, See CoLours, 

ASSIGNABLE Magnitude, is ufed for any finite 
magnitude that can be expreffed or denoted. And, 

Assicyasxe Ratio, for any exprefiible ratio, 

ASSUMPTION, a feaft celebrated in the Romifh 
church, in honour of the miraculous afcent of the Hoty. 
Virgin, as they defcribe it, body and foul, into heavén. 
It is kept on the 15th of Augutt. ie 

ASSURANCE on Lives, a compact by which’ fe~ 
curity is grantr4 for the payment of a eertain fum of 
money on the expiration of the life on whieh the policy 
is granted, in confideration of fuch a previous payment 
made to the-affurer as is accounted a (ufficient Compen- 
fation for the lofs and hazard to which he expotes 
himéelf. 

The fun at which this compenfation fhould be va- 
Jued, depends principally on thefe two circumftances, 
viz, 1%, On the rate of intereft given for the ufe of 
money; and 2d, On the probability of the duration 
of the life aflured, and the values of annuities. For, 
1ft, 1f the intereft of money be high, the value of the 


-affurance will be proportionally low, &5'2 contra; be- 


caufe the higher the rate of intereft, the lefs will be 
the prefent value which amounts toa certain prdpofed 
fum in any given time, Alfo, if the probability of 
the duration of life be high; the value of the affurance 
will again be proportionably low, Ff @ contra; be- 
caufe the longer the time is; the lefs will be the Prigg- 
pal which wiil amounsto any affigned fam. Thus,-if'it 
be required to know the premium or prefent value, 
to be given for 100 pounds to be received .at the end 
of any time, as fuppofe 10 years; then, if the intereft 
of money be at the rate of 5 per cent. the anfwer, or 
prefent premium, would be Gil. 7s. lod; but at four 
per cent. it would be 671. 11s, 1d3 and at 3 percent, it 
would amount to 74). 8s. 2d, Again, fappofe it were 
“+ sequired 
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required to affure rool. on a life, for any time, for ine 
flance 1 year ;_ that's, let 100!. be fuppofed to be pay- 
ablea year heiice, provided a life of a sve age faile 
fn that time: here it is evident that, whatever be the 
rate of interef#, the lefs the probability of the life 
failing within the year, the lefs the ritk is, and the lefs 
the premium ought to be. In effeét, the rate of in- 
tereft being 5 per cent, if it were fare that the life 
would fail in that year, the value of the affurance 
would be the fame as the prefent value of rool. pay- 
able at the end of the year, which is g5l.4s. gd. But, 
if it be an equal chance whether the life does or does 
not fail in the year, in which cafe the probability of 
failing is 3; then the’ value of the aflurance will be but 
half the former value, or 471. 528. q?d. Or if the odds 
againg its failing be as2 to 1, that is, if one perfon out 
of every 3 die at the age of the propofed life, the pro- 
bability of dying being only 4, the value of the affurance 
will be 4 of the firft value, or 311 tas. rid. And if 
the odds be 19 to 1, er one perfen die out of 20, of 
that age, the probability of dying will be-z’5, and the 
value of the affurance will alfo be 4, of the firft value, 
or 4l. 15s. 3d. nearly. Laftly, if only one perfon die 
out of 50 at the given age, the probability of dying 
will be si, and the value of the aflarance will be ac- 
cordingly under, g's of the firft fam, or 11. 18s. 1d: the 
intereft of money being all along confidered as after 
_ therate of 5 per cent.-Now, according to Dr, Halley’s 
table of oblervations, one perfon dies out of 3, at the 
age of 87; one in zo at the age of 645 and one in 
0 at the age of 39: It follows, therefore, that the 
Yalue of the affurance of rool, for one year, on a life 
aged 87; is 311. 148. 11d on a life aged 64, it is 4. 
158. 3d; and ona life aged 3g, it is 1]. 188. 1d: 
reckoning intereft at 5 per cent. But if intereft were 
rated at 3 per cent. thefe values would be 321. 7s. 3d, 
and 4l, 178.14, and 11. 18s. rod. ‘ 

The altdvessces moft commonly prattifed, are fuck as 

thefe, on fingle lives, and for fingle years. But many 
private affurers, and’ even fome large affuring offices, 
either from ignorance or impofition, pay no regard to 
any- difference of -age, but demand sl. from all ages 
indiferiminaiely, for the aflurance of tool. for one 
year: a practice very abfurd and inequitable; for it 
appears that shis is more than the value of the affurance 
of a life of 64 years of age, and even more than double 
the value of the aflurance of a life of 39 years of age; 
allowing’the affured to make 5 per cent. of the money 
he advances. 
_ When 2 life is affured for any number of years; 
the premium or value may be paid, either in one 
ingle prefent: payment; in confequence of which the 
fom aflured will become payable without any farther 
sompenfation, whenever, within the given term, the 
life hall happen to drop: or the value may be paid 
jndnneal payments, to be continued till the failure of 
thelife, fhould that happen within the term; or, if 
not, ti}'the determination of the term. And the de- 
termination of the value of affurance, in all cafes, is to 
pe made our from the rules for computing annuities on 
lives; the principal writers on which are Halley, De 
Moivre, Simpfon, Smart, Kerfleboom, De Parcievx, 
Price, Morgan, and Maferes. See alio Lire Annu- 
ptizs, Reyaxston, Xe. 
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Affarances may be made either on ingle lives; as 
above explained ; or they may be made on any number 
of joint lives, or on the Tongeft of any lives; that is, an 
aflurer may bind himfelf to pay any fums at the extinc- 
tion of any joint lives, or the longef of any lives; or at 
the extinétion of any one or two of any numberof lives. 
There are further affurances on furvivorfhips; by which 
is meant an obligation, fer the value received, to pay 
a given fum or annuity, provided a given life thall fur~ 
vive any other given life orlives. For which fee Sur- 
VIVORSHIP. 

The principal offices for making thefe inforances, in 
cages are the “* London and the Royal Exchange 
Affarance Offices ;” “ the Amicable Society, incorpo- 
rated for a perpetual Affurance Office ;” “« the Society 
for equitable Affurances on Lives and Surviverthips ;”” 
and ‘the Weftminfter Society for granting Annuities 
and infuring Money on Lives.” 

The firit two of thefe offices, having chiefly in view 
affurances on fhips and houfes, deal but little in the way 
of affurances on lives; and all the bufinefs they tranfact 
in this way, is at 51. for every tool. aflured on a fingle 
life for a fingle year, without paying any regard to the 
ages of the lives affured. 

"The next, or Amicable Society at Serjeant’s Inn, re- 
wires an annual payment @f 51. from every member 
uring life, payable quarterly. The whole annual in- 

come, hence arifing, 1s equally divided ameng the no- 
minees, or heirs, of {uch members as die every year. 
But this fociety engages that the dividends thal! not be 
Je(s than 1501. to each claimant, though they may be 
mere. No members are admitted whofe ages are greater 
than 45, or lefs than 12; nor is any difference of con- 
tribution allowed on account of difference of age. The 
fociety has fubfifted ever fince the year 1706, and its 
credit and ufefulnefs are well eftablithed. 

The Equitable Seciety for Affurances on Lives and 
Survivorhhips, which meets at tlack-Friars’ Bridge, 
was eftablifhed in the year 1762, in confequence of 
propofals which had been made, and lectures, recom- 
mending fuch a defign, which had been read by Mr. 
Dodfon, author of the Mathematical Repofitory, It 
aifures any fams or reverfionary annuities, on any life 
or lives for any number of years, as well as for the whole 
continuance of the lives; and in any manner that may 
be beft adapted to the views of the perfons affured : that 
is, either by making the affured fums payable certainly 
at the failure of any given lives; or on condition of 
furvivorthip ; and alfo, either by taking the price of 
the affurance in one prefent payment, or in annual pay- 
ments, during any fingle or joint lives, or any terms, 
lefs than the whole poflible duration of the lives. In 
fhort, there are no kinds of affurances on lives and furs 
vivorfhips, which this fociety does not make. 

In doing this, the Society follows the rules which 
have been given by the beft mathematical writers on the 
doétrine of Life Annuities and Reverfions, particularly 
Mr. ‘Thomas Simpfon, prefeffer of Mathematics in the 
Royal Military Academy. It is to’be obferved however 
that the Seciety takes the advantage of making irscalcu- 
lations on the fuppofition that the intereft of money is at 
fo low a rate as 3 per cent, inftead of the ufual intere t cf 
4 percents which confequently raifes the infurance pro- 
portionally higher ; and it alto founds its calculanons 
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on the tables of the probabilities and values of lives in 
London ; another cireumftance which fecures a very 
advantageous profit to the Society, as experience has 
proved that the deaths are really in a much lower 
proportion than according to thofe tables, and even 
lower than thofe of Dr. Hatley, which are founded on 
the bills of mortality of Breflaw. By thefe means the 
Society finding itfelf, by experience, well fecured againft 
future hazards, and being unwilling to take from the 
public an extravagant profit, have determined to reduce 
all the future payments for affurances, one tenth, and 
alfo generoufly to return, to the perfons now affured, 
one tenth of all the payments they have made: and it 
feems there is reafon to expect that this will be only a 
preparation to farther reduétion. 

From the foregaing account of this faciety, it is 
manifeft that its bafinefs is fuch, that none but ékilful 
mathematicians are qualified to conduét it. The inter- 
eft of the fociety therefore requires, that it fhould make 
the places of thofe who manage its bofinefs fufficiently 
advantageous, to induce the ableft mathematicians to 
accept them : and this will render it the more neceflary 
for the fociety to take care, in filling up any future va- 
cancies, to pay no regard to any other confiderations 
than the abilisy and integrity of the candidates. The 
confequence of granting good pay, will bea multitude 
of folicitations on every vacancy, from perfons who, 
however unqualified, will hope for fuccefs from their 
connections, and the intere& they are able to make. 
And fhould the fociety, in any future time, be led by 
fach caufes to truft its bufinefs in the hands of perfens 
not poffefled of fufficient ability, as mathematictans 
and calculators, fuch miftakés may be sommitted, as 

may prove, in the higheft degree, detrimental and dan- 
“ gerous, There is reafon to belicve, that at prefent the 
jociety is in no danger of this king; and one of the 
great public advantages attending it, is, that it has 
eftablithed an office, where not only the bufinefs above 
defcribed, is tranfaéted with faithfulnefs and fkill ; but 
where alfo all perfons, who want folutions of any quef- 
tions relating to life annuities and reverfions, may apply 
and be fure of receiving juf anfwers. The following 
isa Z 
Table of the rates of affurance on fingle lives in the Society 

for Equitable Affurances, The Sum affured rool. 


For feven 
years at an 
annual pay- 
ment of 


forthe whole 
life at an an- 
nual payment 
of 
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Thefe rates are 10 percent. lower than the true va- 
Jues, according tothe decrements of life in London, 


_reckoning intereft at 3 per cent; but at the fame time, 


it is to be obferved that, for all ages under 50, they are 
near one third higher than all the true values, according 
to Dr. Halley’s table of the decrements of life at Bref- 
law, and Dr. Price’s table of the decrements of life at 
Northampton and Norwich. But as the fociety has 
lately foumd that the decrements of life among its mem- 
bers have hitherto been lower than even thofe given 
in thefe laf tables, it may reafonably be expected, that 
they will in time reduce their rates of affurance to the 
true values, as determined by thefe tables. 

As to the Weftminfter Society for granting Annuities, 
and infgring Money on Lives, lately eftablifhed, viz, in 
the year 178g, from the number and refpeétability of 
its members, the equitable terms upon which it pro- 
pofes to dedl, and the known ability and acearacy of 
the mathematicians and calculators employed in con- 
duéting it, there isevery reafon to expe an honourable 
and equitable treatment of the public, and a permanent 
sontinuance of its ufefulnefe. 

ASTERISM, the fame with conftellation, or a 
colleétion of many ftars, which are ufually reprefented 
an globes by fome particular image or figure, to dif- 
tinguith the ftars which cempofe this conftellation from 
thofe of others, ; 

ASTRA, a name given by fome to the fign Virgo, 
by others called Erigone, and fometimes Ifis. ‘The 

ets feign that Jufticequitted heaven to refide onearth, 
in the golden age; but, growing weary of the iniqui- 
ties of mankind, the left the earth, and returned to 
heaven, placing herfelf in that part of the zodiac called 
Virgo, where the became a conttellation of ftars, and. 
from her orb ftill looks dewn on the ways of men. 
Ovid. Metam. lib. 1. ver. 149. - : 

ASFRAGAL, in ArchiteQure, a fmall round 
moulding, which encompaffes the top of the fuit or 
“fhaSt of a column, like a ring or bracelet. The fhaft 
always terminates at top with an aftragal, and at bottom 
with a fillet, which in this place is called oxzia, 

AstRacat, in Gunnery, is a kind of ring or mould. 
ing on a piece of ordnance, at about half a foot diltance 
from the muzgle or mouth; ferving as an ornament to 
the gun, as the former doesto acolumn.. , 

ASTRAL, fomething belonging to or depending on 
the ftars. 

Astrat Year, or SiderealYear. See Ytar. . . 

ASTRODICTICUM, an aftronomical inflrument 
invented by M. Weighel, by means of which many-per- 
fons fhall be able to view the fame ftar at the fame time. 

ASTROGNOSIA, the art of knowing the fixed flars, 
their names, ranks, fituations in the confellations, and 
the like. = 

ASTROLABE, from erng, ftar, and ampCarw, I take 
alluding to its ufe in taking, or obferving, the ftars. 
The Arabians call it in their tongue afharlab; a 
word formed by corruption from the common Greek 
name. 

This name was originally ufed for a fyitem or affem. 
blage of the feveral circles ef the {phere, in their proper 
order and fituation with refpe& to éach other. And 
the ancient inftruments were much the fame as our 
armillary fpheres. ‘ 

The 


as T 

The firtt, and moft celebrated of this kind, was that 
of Hipparchus, which he made at Alexandria, the ca- 
pital of Egyps, and lodged in a fecure. place, where it 
ferved for divers aitronomical eperations. Ptolemy 
made the fame ufe of it: ut as the inftroment had fe- 
veral inconveniences, he contrived to-change its Ggure, 
though perfeétly natural, and agreeable to the doctrine 
of the {phere 5 and to reduce the whole Aftrolabe to a 
plane farface, to which he gave the name of the Pla- 
nifphere. Vence, 

Ast rot.ase is ufed among the moderns for a Pla- 
nifphtra, ora Rereographic projection of the circles of 
the {phere upon the plane of one of the great circles ; 
which is uiually either the plane of the equinedtial, the 
eye being then placed in the pole of the world ; or that 
of the meridian, the eye being fuppofed in the point of 
interfeion of the equinoctial and horizon; or on that 
of the horizon. i 

The Aftralabe has been treated at large by Stoffler, 
\Gemma Frifius, Clavius, &c. And for a farther ac- 
count .of the nature and kinds of -it, fee the article 
PLANISPHERE: 

Astrovase, or Ska AsTRoLABs, more particu. 
larly denotes an inftrument chiefly, ufed for taking al- 
titudes at fea as the alticude of the pole, the fun, or 
the ftars. Sy 

"The common -Aftrolahe, reprefented Plate II, fg. 7, 
confilts of alatge-braf ring, about 15 inches'in diameter, 
‘whofe limb, or a convenient part of it, is divided ‘inte 
degrees‘and minutes. It is fitred with a moveable label 
or index, which tams upon the centre, and carries two 
fights; and having afmall ring, at A, to hang it by 
in time of obfervation. 

To make ule of the Aftrolabe in'taking altitudes ; 
‘fufpend it by the- ring A, and turn it to the fun, &o, 
fo.as that the rays may pafs freely through both the 
fights F and G5 then with the label cut or point out the 
alnittide on thedivided limb. There are many ether ules 
of “the -Aftrolabe; of which Clavius, Henrion, and 
others have written very largely. 

The Aftrolabe, though now grewn into difufe, is 
by many elteemed equal to any other inftrument for 
taking the altitude at fea; efpecially between the tra- 
pics, wHfere the fun comes near the zenith. 

ASFROLOGER, a perfon profefing or pratifing 
the. art of Aftrology. : 

ASTROLOGICAL, fomething relating to Aftro- 


ldgys: *. ; 

ASTROLOGY, the art of foretelling future events, 
from the pofitions, afpedts, and inflaences of the hea- 
venly.bodies. : 

_ The word is compounded of arxp, far, and Acyor, 
difeourfe; whence, in the literal fenfe of the term, Aftro- 
logy fhould fignify no more than the doc?rine or feience of 
the flars ; which indeed was its original acceptation, and 
eonftitated the antient Aftrology ; which confilted for- 
metly of both the branches now called Aftronomy and 
Aftrology, under the name of the latter only ; and-for 
the fake of making judiciary predidtions it was that 
aftronomical pbfervations, properly fo called, were 
chiefly made by the ancients. And theagh the two 
branches be now-perfe@ly feparated, and that of Aftro- 
logy almoft univerfally rejeGted by men of real learning, 

, this has butJasely been the cafe, as their anion fpbfifted, 
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in fome degrte, from Ptolemy till Kepler, whe had a 
ftrong bias towards the ancient aftrology. 

Altrology may be divided into two branches, natural 
and judiciary. 

io Narurat Astroiocy belongs the predicting 
of natural effects; fuchas the changes of weather, winds, 
florms, hurricanes, thunder, floods, earthqnakes, &c. 
But this art properly belongs to Phyfiology, or Natural 
Philofephy ; and is only to be deduced, 2 poferiori, from 
phenomena and obfervations, And for this fort of 
Aftrology it is that Mr. Boyle makes an apology in his 
Hittory of the Air. Its foundation and merits may be 
gathered from what is faid under thearticles Arr, ATs 
MOSPHERE, and WEATHER. 

Judicial or Fudiciary AstROLOGY, which is what is 
commonly and properly called Afrolg’y, is that which 
profeffes to foretel moral events, or fuch as have a 
dependence on the free will and agency of man; as if 
they were produced or directed by the Mars. 

The profeffors of this kind of Altrology maintain, 
«¢ That the heavens are one great volume or book, 
wherein God has written the hiftory of the world ; and 
in which every man may read his own fortune, and the 
tranfaQtions of histime. ‘The art, fay they, had its rife 
from the fame hands as Aftronomy itfelf: while the an- 
cient Affyrians, whofe ferene unclouded fky favoured 


their celeftia! obfervations, were intent on tracing the 


paths and periods of the heavenly bodies, hey difcovered 
‘a conftant, fettled relation of analogy, between them 
and things below; and herice were led to conclude 
thefe to be the Parca, the DeRinies fo much talked of, 
which prefide at our births, and difpofe of our future 
fate.” 

«© The laws therefore of this relation being afcertained 
by aferies of obfervations, and the fhare each planet has 
therein; by knowing the precife time of any perfon’s 
nativity, they were enabled, from their kiowledge in 
aftronomy, to ereét a {chemre or'horofcope of the fira- 
ation of the,planets, at that‘point of time; and hence, 
by confidering their degrees of power and influence, and 
how each was either ftrengthened or tempered by fome 
other, to compute what muft be the refult thereof.” 

Judicial Aftrology, it is commonly faid, was invented 
in Chaldza, and from thence tranfmitted to the Egyp- 
tians, Greeks, and-Romans; though fome infift that it - 
was of Egyptian erigin, and afcribe the invention to 
Cham. But it is to the Arabs that we owe it. At 
Rome the people were fo infatuated with it, that the 
aftrologers, or, as they were then called, the mathe- 
maticians, maintained their ground in fpite of all the 
ediés of the emperors to expel them out'of the city. 
See GENBTHLIACI. 

Among the Indians, the Bramins, who introduced 
and praétifed this art in the Eaft, have hereby made 
themfelves the arbiters of good and evil honors, avhich, 
gives them great authority : they are confulted’as ora- 
cles; and they have taken care always to fell their an- 
fwers at good rates. : 

‘The fame fuperftition has prevailed in more modern 
ages and nations. The French hifiorians remark, that 
in the time of queen Catharine de Medicis, Aftrology 
was fo much in vogue, thatthe moft inconfiderable thing 
was not to be done without confultivg the flars. And 
in the reigns of king Henry ill. and-LV. of France, the 
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predictions of Aftrologers weré the common theme of 
thé-court converfation. -And this predominant-hamour 
in that court was well rallied by Barclay, in his Argenis, 
4%. 2, on occafion of an aftrologer, who had under- 
taken to inftra@ king Henry in the event of a war 
which was then threaténed by the faction of the Guifes. 

ASTROMETEOROLOGIA, the art of foretelling 
the weather, and its changes, from the afpeéts and con- 
figurations of the moon and planets: a fpecies of Af- 
trology diftinguifhed by fome under the denomination 
of meteorological aftrology. 

ASTRONOMICAL, fomething relating to Aftro- 
nomy. 

Astrronomicat Calendar, Chara&ers, Column, Ho- 
rizon, Hours, Month, Quadrant, Ring-Dial, Sector, Ta- 
bles, Telefcope, Time, Year. See the feveral fubftantives. 

AstRonomicat Objervations. *Of thefe there are 
records, or mention, in almoft all ages. It is faid that 
the Chinefe have obfervations for a courfe of many thou- 
fand years. But of thefe, as wellas thofe of the Indians, 
we havenever yet had any benefit, But the obfervationsof 
moft of the other ancients, as Babylonians, Greeks, &c. 
amongit which thofe of Hipparchus make a principal fi- 
gure, are carefully preferved byPtolemy,in hisAlmagett. 

About the year 880, Albategni, a Saracen, applied 
himfelf to the making of obfervations; in which he 
was followed by others of the fame nation, as well as 
Perfians and ‘l'artars ; among whom were Naffir-Eddin- 
Ettufi, Arzachel, wko alfo conftruéted a table of fines, 
and Ulug Beigh. In 1457 Regiomontanus undertook 
the province at Nuremberg; and his difciples, J. Wer- 
ner and Ber. Walther, continued the fame from 1475 
to 1504. Their obfervations were publifhed together 
in 1544.—-In 1509, Copernicus, and after him the 
landgrave of Heffe, with his affiftants Rothman and 
Byrge, obferved; and after them Tycho Brahe, affifted 
by the celebrated Kepler, from 1582 to 1601,—All the 
foregoing obfervations, together with Tycho’s appara- 
tus of inftruments, are contained in the Hiftoria Cee- 
Iellis, publifhed in 1672, by order of the emperor Fer- 
dinand.—In 1651, was publifhed at Bononia, by Ricci- 
olus, Almageftum Novum, being a complete body ofan- 
cient and modern obfervations, which he fe named after 
the work of the fame natare by Ptolemy.—Soon after, 
Hevelius, witha magnificent and well-contrived appara~ 
tus of inftruments, deferibed in his Machina Ceelettis, be- 
gan a courfe of obfervations. It has been objected tohim, 
that,he only ufed plain fights, and could never be brought 
to take the advantage of tele{copic ones; which occa- 
fioned Dr. Hook to write animadverfions on Hevelius’s 
infruments, printed in 1674, in which he too rafhly 
defpifes them, on account of their inaccuracy: but 
Dr. Halley, who at the inftance of the Royal Society 
went over to Dantzick in the year 1679, to infpe@t his 
inframents, approved of their juftnefs, as well as of the 
obfervations made with them. See Siguts.—Our 
two countrymen Jer. Horrox and Will. Crabtree, 
are celebrated for their obfervations from the year 1635 
to 1645, who firft obferved the tranfit of Venus over 
the fan inthe year 1639.—They were followed by 
Flamiteed, Caflini the father and fon, Halley, de Ja 
Hire, Roemer, and Kirchius—The obfervations of the 
celebrated Dr, Bradley have not yet been publithed, 
though long expeéted. We have alfo now publifhed 
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from time to time, the accurate obfervation3 af the pre- 
fent Britifh Aftronomer Royal : as alfothofe of the 
French and other obfervatories, with the’ obfervations 
of many ingenious private aftronomers, Which are to be 
found in the Tranfactions and Memoirs of the various 
Philofophical Societies—~There have been alfo obferva- 
tions of many other eminent aftronomers ; as, Galileo, 
Huygens, and our countryman Harriot, whofe very 
interefting obfervations have lately been broughtto light 
by the earl of Egremont, and count Braht, by whofe 
means they may come to be publifhed. Other publi- 
cations of celeftial obfervations, are thofe of Caffini, La 
Caille, Monnier, &c.—See farther under CeLesTiaL 
Obfervations, CaTALOGUR, OxservaTory, &¢ 

Asrronomica Place of a ftar or planet, is its lon- 
gitude, pe in the ecliptic, reckoned from the be- 
ginning © Aries, in confeguentia, ox according to the 
order of the figns. 

ASTRONOMICALS, a name ufed by fome writ- 
ers for fexagefimal fractions ; on account of their ufe in 
aftronomical calculations. x 

ASTRONOMICUS Radius. . See Rapius. 

ASTRONOMY, the doétrine of the heavens, and 
their phenomena. 

Aftrenomy is properly a mixed mathematical feience, 
by which we become acquainted with the celeftial bo- 
dies, their motions, periods, eclipfes, magnitudes, dif, 
tances, and other phenomena. Some, however, under- 
ftand the term aftronomy in a more extenfive fenfe, as 
comprifing in it the theory of the univerfe, with the 
primary laws of nature: in which fenfe it feems. to be’ 
rather a branch of phyfics than of mathematics, 


Hifery of Afronomy., 

The invention of aitronomy has been varioufly given, 
and afcribed to feveral' perfons, feveral nations, and 
feveral ages, Indeed it is probable that mankind never 
exifted without fome knowledge of aftronomy amongft 
them. For, befides the motives of mere curiofity, 
which are fufficient of themfelves to have excited meit 
to a contemplation of the glorious and varying celeftial 
canopy, it is obvious that fome parts of the fcience 
anfwer fuch effential purpofes to mankind, as to make 
the cultivation of it a matter of indifpenfible neceffity. 
Accordingly we find traces of it, in different degrees of 
improvement, among all nations. 

Adam, in his ftate of innocence, it is fuppofed by 
fome of the Jewith rabbins, was endowed with a know- 
ledge of the nature, influence, and ufes of the heavenly 
bodies ; and Jofephus afcribes to Seth and his pofterity, 
a confiderable knowledge of aftronomy : he {peaks of 
two pillars, the one of ftene and the other of brick, called 
the pitfars of Seth, upon which they engraved the prin~ 
ciples of the fcience; and he fays that the former was 
fill entire in his time. But be this as it may, it is evi- 
dent that the great Iength of the antediluvian lives 
would afford fuch excellent opportunities for obferving 
the heavenly bodies, that we cannot but. fuppofe that 
the fcience of aftronomy was confiderably advanced be- 
fore the flood. Indeed Jofephus fays that longevity 
was beftowed upon them for the very purpofe of culti- 
vating the fciences of geometry and aftronomy ; obferv- 
ing that the latter could not be learned in lefs than 600 
years; - for that period, he adds,. is the grand pe 
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An exprefion remarkable enough ; and by which it 
may be fuppofed is meant the period in which the fon 
and moon céme again into the fame fituation in which 
they were at che beginning of it, with regard to the 
nodes, apogee of the moon, &c. This period,” fays 
Caffini, «of which we find no intimation in any monu- 
ment of any other nation, is the fineft period that ever 
was invented: for it brings. out the folar year more ex- 
aftly than that of Hipparchus and Ptolemy; and the 
lunar month within about onefecond of what is deter- 
mined by modern aitronomers.”” If the Antediluvians 
had fach a period of 600 years, they mouft have known 
the motions of the fan and moon more exaétly than 
theif defendants knew them fome ages after the flood. 
On the building of the Tower of Babel, it is fup- 
pofed that Noah retired with his children, born afcer 
the flood, to the north-eaftern part of Afia, where his 
defcendants peopled the vatt empire of China. And 
this, fays Dr. Long, * may perhaps account for the 
Chinefe having fo early cultivated the ftudy of aftrono- 
my, &c.”” It is faid that the Jefuit miffionaries have 
found traditional accounts among the Chinefe, of their 
having been taught this feience by their firft emperor 
o-hi, who is fuppofed to be the fame with Noah; and 
Kempfer affertsthat Fo-hidifcovered the motions of the 
heavens, divided time into yearsand months, and invent- 
ed the 12 figns into which they divide the zodiac, and 
which they diftinguith by thefe names following ; 1, 
the moufe; 2, the ox or cow; 3, the tigers 4, the 
hare; 5, the dragon; 6, the ferpent; 7, the horfe ; 
, the fheep; 9, the monkey; 10, the cock or hen; 
41, the dog; and, 12, the boar. They divide the hea- 
yens into 28 conttellations, or clafles of ftars, allotting 
4 to each of the 7 planets; fo that the year always be- 
ns with the fame planet; and their conftellations an- 
Fae to the 28 lunar manfions afed by the Arabian 
aftronomers. ‘Chefe conftellations however they do not 
mark with the figures of animals, like moft other nations, 
but by connegting the ftars by ftraight lines, and de- 
noting the ftars themfelves by {mall circles: fo, for in- 
ftance, the great bear would be marked thus, 
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The Chinefe themfelves have many records and tra- 
ditions of the high antiquity of their aftronomy ; though 
not seniors Mpg? of great miftakes. But, on more 
certain authority, it is afferted by F. Gaubil, that at 
leaft 120 years before Chritt, the Chinefe had deter- 
mined by obfervation the number and extent of their 
conftellations as they now ftand; the fituation of the 
fixed flars with refpeé to the equinoétial and folftitial 
points; and the obliquity of the ecliptic ; with the 
theory of eclipfes: and that they were, long before 
that, acquainted with the true Jength of the folar year, 
the method of obferving meridian altitudes of the fan 
by the thadow of a gnomon, and of deducing from 
thence his declination, and the height of the pole, The 
fame miffionary alfo fays, that the Chinefe have yet re- 
maining fome hooks of aftronomy, which were written 
atiout 200 years before Chyift; from which i: appears, 
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that the Chinefe had known the daily motion of the fw 
and moon, and the times of the revolutions of the 
lancts, many years before that period. 

Du Halde informs us, that Tcheou-cong, the moft 
fcilful aftronomer that ever China produced, lived more 
than a thoufand years before Chrift; that he paffed 
whole nights in obferving the celettiz! bodies, and ar- 
ranging them into conitellations, kc. At prefent, how- 
ever, the ftate of affronomy is but very Jow in that 
country, although it be cultivated at Peking, by pub- 
lic authority, in like manner as in mo of the capital 
cities of Furope. 

"Phe inhabitants of Japan, of Siam, and of the Mo- 
gul’s empire, have allo been acquainted with aftronomy 
from time immemorial ; and the celebrated obfervatary 
at Benares, isa monument both of the ingenuity of the 
people, and of their skill in that {cience. 

According to Porphyry, aftronomy muit have been 
of very ancient itanding in the Ealt, Fle informs us 
that, when Babylon was taken by Alexander, there 
were brought from thence celettial obfervations for the 
{pace of 1903 years; which therefore muft have com- 
menced within 115 years after the flood, or within £5 
years after the building of Babel.—Epigenes, accord. 
ing to Pliny, affirmed that the Babylonians had obferv- 
ations of 720 years engraven on bricks,—Again, Achil- 
Jes ‘T'atius afcribes the invention of aftronomy to the 
Egyptians; and adds, that their knowledge of that 
fcience was engraven on pillars, and by that means 
tranfmitted to pofterity. 

M. Bailly, in his elaborate Hiftory of ancient and 
modern aftronomy, endeavours to trace the origin of 
this feience among the Chaldeans, Egyptians, Perfians, 
Indians and Chinefe, to a very early period. And. 
thence he maintains, that it was cultivated in Egypt 
and Chaldea 2800 years before Chrift; in Ferfia, 3209; 
in India, 3101; and in China, 2952 years before that 
ara. He alfo apprehends, that aftronomy had been 
fludied even long before this diftant period, and that 
we are only to date its revival from thence. 

In invefligating the antiquity and progrefs of attro- 
nomy among the Indians, M. Bailly examines and 
compares four different fets of aftronomical tables of the 
Indian philofophers, namely that of the Siamefe, ex- 
plained by M. Caffini in 1689 ; that brought from In- 
dia by M. le Gentil of the Academy of Sciences ; and 
two other manufcript tables, found among the papers 
of the late M. de Life; all of which he found to accord 
together, and all referring to the meridian of Benares, 
above-mentioned, It appears that the fundamental 
epoch of the Indian aftronomy, is a conjuntion of 
the fun and moon, which took place at the amazing 
dittance of 3102 years before Chritt: and M,. Bailly 
informs us that, by our moit accurate aftronomical ta~ 
bles, fuch a conjunétion did really happen at that time. 
He further obferves that, at prefent, the Indians cal- 
culate eclipfes by the mean mations of the fun and moon 
obferved 5000 years fince; and that their accuracy, 
with regard to the folar motion, far exceeds that of the 
beft Grecian aftronomers.. They had alfo fettled the tu- 
nar motions by computing the {pace through which that 
laminary had paffed in 1,600,984 days, or a little more 
than 4383 years. M. Bailly alfo informs us, that they 
make ufe of the cycle of 19 years, the fame as that 
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aferibed by the Greeks to Meton ; that their theory of 
the planets is much better than Ptolemy’s, as they do 
not fuppofe the earth in the centre of the celeftial mo- 
tions, and believe that Venus and Mercury move round 
the fun; and that their aftronomy agrees with the moft 
modern difcoveries as to the decreafe of the obliquity 
of the ecliptic, the acceleration of the motion of the 
equino@ial points, &c. 

In the 2d vol. of the tranfactions of the Royal So- 
ciety of Edinburgh is alfo a learned and ingenious dif- 
fertation on the aftronomy of the Brahmins of India, 
by Mr, Profeffor Playfair ; in which the great accuracy 
and high antiquity of the {cience, among them, is re- 
duced to the greateft probability. It hence appears that 
their tables and rales of computation, have peculiar re- 
ference to an epoch, and to obfervations, 3 or 4 thoufand 
years before Chrift ; and many other inftances are there 
adduced, of their critical knowledge in the other ma- 
thematical (ciences, employed in their precepts and 
calculations. 

Aftronomy, it feems too, was not unknown to the 
Americans; though in their divifion of time, they made 
ufe only of the folar, and not of the lunar motions, And 
that the Mexicans, in particular, had a ftrange predi- 
leGion for the number 13, by means of which they 
regulated almoft every thing: their thorteft. periods 
confifted of 13 days; their cycle of 13 months, each 
containing 20 days; and their century of 4 periods, of 
43 years each: and. this exceflive veneration for the 
number 13, arofe, according to Siguenza, from its be- 
ing the number of their greater gods. And it is very 
remarkable, that the Abbé Clavigero afferts it as a fact, 
that, having difcovered the excefs of afew hours in the 
folar above the Junar year, they made ufe of intercalary 
days, to bring them to an equality, as eftablifhed by 
Julius Cefar in the Roman Calendar ; but with this 
difference, that, inftead of one day-every 4 years, they 
interpofed 13 days every 52 years, which produces the 
fame effect. 

Mott authors however fix the origin of aftronomy 
and aftrology, either in Chaldea or in Egypt; and ac- 
cordingly among the ancients we find the word Chaldean 
often uled for aftronomer, or, which was the fame thing, 
aftrologer. Indeed both of thefe nations pretended to 
avery high antiquity, and claimed the honour of pro- 
ducing the firft cultivators of this feience. The Chal- 
deans boatted of their temple or tower of Belus, and of 
Zoroatter, whom they placed $000 years before the de- 
{traction of Troy ; while the Egyptians boatted of their 
colleges of priefts, where aftronomy was taught, and 
of the monument of Ofymandyas, in which, it is faid, 
there was a golden circle of 365 cubits in circumference, 
and one cubit thick, divided inte 365 equal parts ac- 
cording to the days of the year, &c. 

+ Ibis, indeed, evident, that both Chaldea and Egypt 
were countries very proper for altronomical obiervations, 
onaccount of the extended flatnefs of the country, and 
the purity and ferenity of the air. ‘The tower of Belus, 
or of Babel itfelf, of a great height, was probably an 
aftronomical obfervatory ; and the lofty pyramids of 
Egypt, whatever they were originally defigned for, 
might perhaps anfwer the fame purpofe; and at leait 
they thew the fkill of this pcople in praGtical aftronomy, 
as they are all placed with their four frorits exatily 
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facing the cardinal points of the compas. The Chal- 
deans certainly began to make obfervations foon after 
the confufion of languages, as appears from the obfer- 
vations found there on the taking of Ballon by Alex- 
ander; and it is probable they began mucihearlicr. It 
hence appears that they had determined, wath tolerable 
exadtne(s, the length both of a periodicaVand fynadical_ 
month. ‘They had alfo difcovered, that the motion of 
the moon was nat uniform; and shey even attempted 
to affign thofe parts of the orbit in which the motion is 
quicker or flower. We are alfo affured by Ptolemy 
that they were not unnaquainted with the motion of the 
moon’s apogee and nodes, the Jatter of which they fup- 
pofed made a complete revolution in 65854 days, ora 
little more than 18 years, and contained 223 complete 
Junations, which period is called the Chaldean Saros. 
From Hipparchus, the fame author alfo gives us feveral 
obfervations‘of lunar eclipfes made at Babylon above 
720 years before Chrift. And Ariftotle informs us, 
that they had many occultations of the planets and fixed 
ftars by the moon; a circumftance which led them to 
conceive that eclipfes of the fun were to be attributed 
to the fame caufe. ‘They had alfo no inconfiderable 
fhare in arranging the {tars into conitellations. Nor had 
even thofe eccentric bodies the comets efcaped their 
obfervation : for both Diodorns Siculus and Appollinus 
Myndicus, Seneca informs us, accounted thefe to be 
permanent bodies, having ftated revolutions as well as 
the planets, but in much more extenfive orbits: although 
others of them were of opinicn, that the comets were 
only meteors raifed very high in the air, which, blazing 
for a while, difappear when the matter of which they 
confit is confumed or difperfed. The branch of dialting 
was alfo prattifed among them long before the Greeks 
were acquainted with that {cience. 

The Egyptians, itappears from various circumftances, 
were much of the fame ftanding in Aftronomy as the 
Chaldeans. Herodotus afcribes their knowledge in the 
fcience to Sefoftris; probably not the fame whom 
Newton makes contemporary with Solomon, as they 
were acquainted with aftronomy at jeaft many handred 
years before that xra. Welearn, from the teftimony 
of fome ancient authors, many particulars relative to 
the ftate of their knowledge in aftronomy ; fuch as, that 
they believed the figure of the earth was {pherical ; 
that the moon was eclipfed by paffing through the carth’s 
fhadow, though it does not certainly appear that they 
had any knowledge of the true fyftem of the univerfe ; 
that they attempted to meafure the magnitude of the 
earth and fun, though their methods of afcertaining the 
latter were very erroncous ; and that they even pre. 
tended to foretel the appearance of comets, as well as 
earthquakes and inundations; and the fame is alfo 
afcribed to the Chaldeans; though thefe mut probably 
have been rather a kind of aftrological prediétions, than 
obfervations drawn from aftronomy, properly fo called. 

This fcience however fell into great decay with the 
Egyptians, and in the time of the emperor Auguttus, 
it was entirely extinct among them, 

From Chaldea and Egypt the fcience of aftronomy 
paffed into Phenicia, which this people applied to the 
purpofes of navigation, fteering their courle by the 
north polar flar; and hence they became mafters of 
the fea, and of almoft all the commerce in the world. 
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‘The Greeks, it is probable, derived their aftronomi- 
ea} knowledge chiefly from the: Egyptians and Pheni- 
cians, by means of feveral of their countrymen. who vi- 
fited théfe nations, for the purpofe of lezrming the diffe- 
rent (clences. Newton fuppofes that moft of s e conftel- 
lations werd invented about thé time of the Argonantic 
expedition ; ‘vut it is mgre probable that they were, at 
leaft molt part‘ef them, of a much older date, and de- 
rived from other uations, though cloathed in fables of 
their-own teventinn application. Several of ‘the con- 
ficllations are mentioned by Hefiod and Homer,.the two 
moft ancient writers among the Greeks, and who lived 
about 870 years before Chrift. Their knowledge in 
this {cience however was ‘greatly improved b' Thales 
the Milefian, and other Greeks, who travelled into 
Egypt, and brought from thence the chief princi: Les 
of the fcience. Thales was born about 640 years:before 
Chrift; and he, firft of all among the Greeks, obferved 
the ftars, the folitices, the eclipfes of the fun and moon, 
and prediéted the fame. And the {ame was farther cul- 
tivated and extended by his fucceffors Anaximander, 
-Anaximanes, and Anaxagoras; but. moft efpecially by 
Pythagoras, who was born 577 years before Chrift, and 
having refided for feveral years in Rgypt, &c, btqught 
from thence theJearning of thefe people, taught. the 
fame in Greece and Italy, and founded the feét of the 
Pythagoreans. He taught that the fun was in the ce 
tre of the univerfe; that the earth was round, ‘ahd 
people had antipodes; that the moon refle&ted the rays 
of the fan, and was inhabited like the earth ; that comets 
were a kind of wandering ftars, difappearing in the 
further parts of their orbits; that the white colour of 
the milky-way was owing to the united: brightnefs of a 
great multitude of {mall ftars; and he fuppofed “that 
the diftances of the moon and planets from the earth, 
were in certain harmonic proportions to one another. 

Philolaus, a Pytaggrean, who flourifhed about 4 go 
gears before Chri, afferted the annual motion of the 
earth about the fun; and not long after, the diurhal 
motion of the earth on her own axis, was taught by Hi- 
cetas, a Syracufan. Ahout the fame time flourifhed at 
Athens, Meton and Euétemon, where they obferved the 
fammer folftice 432 years before Chrift, and obferved 
the rifings and fettings of the ftars, and what feafons 
they anfwered to. Meton alfo invented the cycle of 
¥g years, which ftill bears his name. 

Eudoxus the Cnidian lived about 370 years before 
Chrift, and was accounted one of the moft tkilful aftro- 
nomers and geometricians of antiquity, being accounted 
the inventor of many of the propofitions in Euclid’s Ele- 
ments, and having introduced geometry into. the fcience 
of aftronomy. He travelled into Afias, Africa, Sicily, 
and Italy, for improvements in aflronomy ; and we are 
informed by Pliny, that hedetermined the annual year 
to contain 365 days 6 hours, that he determined alfo 
the periodical times of the planets, and made other im- 
portant obfervations and difcoveries. ‘ 

Calippus flourifhed foon after Eudoxus,. and his celef- 
tial {phere is mentioned by Ariftotle; but he is better 
known by a period of 76 which he invented, containing 
4 corredied Metonic periods, and which commenced at 
the fummer folftice in the year 330 before Chrift. About 
his time the knowledge of the Pythagorean fyftem was 
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carried into Italy, Gaul, and Egypt, by certain colo 
nies of Greeks. fey Tag: 

” However, the introdaétion of-Aftronomy into Greece 
is reprefented by Vitruvias ia a manner fomewhat dif- 
ferent. He maintains, that Berofys, a Babylonian; 
brought it immediately from Babylon irfelf, and opened . 
an aftronomical fchool in the ifle of Cos. And Pliny 
fays, that in confideration of his wonderful predictions; 
the Athenians erected him a ftatue in the gymnafium, 
with a gilded tongue. _But if this Berofus be the fame 
with the author of the Chaldaie hiftories, he muft have 
lived before Alexander. _, a 
__ After the death of this‘ conqueror, the {ciences ‘flou- 
rifhed chiefly in Egypt, under the.aufpices of Ptolemy 
Phihadelphus and his fucceffors. He founded a {chool 
there, which continuted to be the grand feminary of learn- 
ing, till the invafion of the Saracens in the year of Chrift 
650. From the founding of that {chool, the {cience of 
aftronomy advanced conliderably. Ariftarchus, about 
270 years before Chrift, ftrenuoufly afferted the Pytha- 

‘orean fyftem, and gave'a method of determining the 
fun’s diftance by the dichotomy of the moon.—Erate- 
ithenes, who was born at Cyrene in the year 271 before 
Chrift, meafared the circumference of the earth by means 
ofa gnomon; and being invited to Alexandria, from 
Athens, by Prolemy Euergetes, and made keeper of the 
royal library there, he fet up for that Prince thofe armil- 
lary fpheres, which Hipparchus and Ptolemy the aftro- 
nomer afterwards employed foxgeecefsfally in obferving 
the heavens. He alfo‘determiped the diftance between 
the tropics to be 14 of the whgle meridian circle, which 
makes the obliquity. of the ecliptic in his time to be 
23° 51/ 3.—The celebrated Archimedes, too, cultivated 
altronomy, as well.as geometry and mechanics: he de- 
oe me yaar of the plangts from one another, 
and conftruted a kind of planetariomor orrery, to repre- 
fent the phenomena’ and mmpttie geste bearealy bodies, 
“ “To pat by feveral othegs of the ancients, who prac- 
tifed or cultivated aftrohomy, more-or lefs, we find that 
Hipparchus, who flourithed abot igo yéars before 
Chrift, was the firft: who applied himfelf to the ftudy 
of every part of aftronomy, and, as we are informed b' 
Ptolemy, made great improvemants.in it ; he difcovered 
that the orbits of the planets areeacentric, that the moon 
moved flower in the apogee than in her perigee, and, 
that there was a motion of anticipation of the moon’s 
nodes: he conftrutted tables of the motions of the fun 
and moon, Colleéted accounts of fuch. cclipfes, &c, as 
had been made by the Egyptians and Chaldeans, and 
calculated all that were to happen for 600 years to 
come: he difcovered that the fixed ftars changed their 
places, having a flow motion of their own from weit 
to eaft: he corrected the Calippic period, and pointed 
out fome errors in the method of Eratoithenes for mea- 
furing the circutnference of the earth: he computed 
the fun’s diftance more accurately than any of his pre- 
deceffors:. but his chief work. is a catalogue which he 
made of the fixed ftars, to the number of 1022, with 
their longitudes, latitudes, and apparent magnitudes ; 
which, with moft of his other obiervationd, are pre- 
ferved by Ptolemy in his Almagett. 

There was but little progrefs made in aftronomy from 
the tume of Hipparchus to that of Prolemy,. who was 
< born 
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horn at Pefufium in Egypt, in the Arftentury’of chrift 
tianity, and who made the greatelt part of his obfervat 
trons at the celebrated {chool of Alexandria in that coun= 


try, Profiting of thofe of Hipparchus and other an< 


cient aftronomers, he formed a fyftem of his own, which, 


though erroneous, was followed for many ages by all na¥’ 


tions, He compiled a great work, called the Almageft, 
whichcontained the obfervations and colleétions of Hip- 
parchus, and others his predeceffors in aftronomy, on 
which account it will ever be valuable to the profeffors 
of that {cience, This work was preferved from the gries, 
yous conflagration of the Alexandrine library by the Sa- 
racens, and tranflated out of Greek into Arabic in the 
year 827, and from thence into Latin in 1230. “The 
Greek original was not known in Europe till the beginé 
ning of the rsth century, when it was brought from 
Conftantinople, then taken by the Turks, by George, 
a monk of Trapezond, by whom it was tranflated into 
Latin; and various other editions havé been fince made. 
During the long period from the year 809 till the be- 
ginning of the 14th century, the weftern parts of 
Europe were immerfed in grofs ignorance and barbarity, 
while the Arabians, profiting by the books they had 
preferved from the wreck of the Alexandrine library, 
cultivated andimproved all the fciences, and particularly 
that of aftronomy, in which they had many able profef- 
fors and authors. The caliph Al Manfur firft introduced 
a tafte for the feiences into his empire. - His grandfon 
Al Mamun, who afcended the throne in 814, wasa 
great encourager and improver of the fciences, and ef- 
pecially of aftronomy. Having conftructed proper in- 
ftruments, he made many obfervations : determined the 
obliquity of the ecliptic to be 23° 35’; and under his 
aufpicesa degree of the circle of the earth was meafured 
a fecond time in the plain of Singar, on the border of 
the Red Sea. About the fame time Alferganus wrote 
elements of aftronomy ; and the fcience was from hence 
greatly cultivated by the Arabians, but principally by 
-Albategnius, who flourifhed about the year 880,and who 
reatly reformed aftronomy, by comparing his own ob- 
ervations with thofeof Ptolemy: hence hecompnted the 
motion of the fan's apogee from P’tolemy’s time to his 
own; fettled the preceffion of the equinoxes at one 
degreein 70 years; and fixed the obliquity of the ecliptié 
at 23°39’. ‘The tables which he compofed, for the me- 
ridian of Araéta, were long efteemed by the Arabians. 
After his time, though the Saracens had many eminent 
aftronomers, feveral centuries elapfed without producing 
any very valuable obfervatioris, excepting thofe of fome 
eclipfes obferved by Ebn Younis, aftronomer to the 
caliph of Egypt, by means of which the quantity of 
the moon’s acceleration fince that time may be deter- 
mined. 4 mA tp 
Other eminent’ Arabic ‘altronomeis, were, Arza- 
chel a Moor of Spain, who obferved the obliquity 
of the ecliptic: he alfo Amproved Trigonometry by 
conttreding tables of fines, inftead of chords of arches, 
dividing the diameter into 300 equal parts. And Alha- 
zen, his contemporary, who wrote upon the twilight, 
the height of the clouds, the phenomenon of the hori- 
zontal moon, and who firft fhewed the importance of 
the theory of refractions-in aflronomy. “=.= 
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he fiad very largé inftruments, particularly a quadrant 
of about 180 feet high, with which he made good ob- 
fervations. From thefe he determined the latitude of 
Samercand, his capital, to’ be 39° 37’ 234 and com- 
pofed aftronomical tables for the meridian of the fame 
fo exaa, that they differ very little from thove conftruct- 
ed afterwards by Tycho Brahé; but his pincipal work | 
was his catalogue of the fixed ftars, de alfo from his 
own obfervations in the year 143747 © 2 

_ During this period, almoft all Europe was immerfed: 
in grofs ignorance. "Bur the fettlement of the Moors 
in Spain introduced the fciences into Europe ; from 
which time they have continued to improve, and to be 
communicated from one people to another, tothe prefent’ 
time, when aftronomy, and all the fciences, have arriv- 
ed at a very eminent degree of perfeétion. * The em= 
peror Frederjck II, about 1230, firft began to encous 
rage learning ; refloring fome decayed univerfities, and, 
founding anew one in Vienna: he alfo caufed the works 
of Ariftotle, and Ptolemy’s Almageft, to be tranflated 
into Latin; and from the tranflation of this work we 
nfay date the revival of aftronomy in Europe. Two 
years after this, Johnde Sacro Bofco, that is, of Halifax, 
compiled, from Ptolemy, Albategnius, Alferganus, 
and other Arabic aftronomers, his work De Sphaera, 
which was held in the greatet eflimation for 300 years 
after, and was honoured with commentaries by Clavius 
and other learned men. In 1240, Alphonfo, king of 
Caftile, not only cultivated aftronomy himfelf, but 
greatly encouraged others; and by the affiftance of fe- 
veral learned men he correéted the tables of Ptolemy, 
and compofed thofe which were denominated from him 
the Alphonfine Tables. About the fame time alfo,. 
Roger Bacon, an Englifh monk, wrote feveral traéts 
relative to altronomy, particularly of the lunar afpects, 
the folar rays, and the places of the fixed ftars. And, 
about the year 1270, Vitello, a Polander, compofed a 
treatife on optics, in which he fhewed the ufe of re— 
fractions in aftronomy. 

Little other improvement was made in aftronomy till 
the time of Purbach, who was born in 1423. He com-. 
pofed new tables of fines for every 10 minutes, making 
the radius 60, with four cyphers annexed. He con-- 
flrudted {pheres and globes, and wrote feveral altrono-. 
mical tracts; as, a commentary on Ptolemy’s Alma~ 
geft; fome treatifes on Arithmetic and Dialling, with 
tables for various climates ; new tables of the fixed ftarg 
reduced to the middle of that century; and he corrected 
the tables of the planets, making new equations to them- 
where the Alphonfine tables were erroneous. [n his 
folar tables, he placed the fun’s apogee in the beginning 
of Cancer; but retained the oEaect of the ecliptic 


“23° 334’, as determined by the latef.obfervations. He 


alfo obferved fome eclipfes, made new tables for com- 
-puting them, and had juft finifhed.a theory of the: pla+ 
nets, when he died in 1462, being-only 39 years of 
age.- * ae ae : ' ope 
EY Puibach was fucceeded in-his aftronomical and mathe- 
matical labours by his pupil-awd friend,, John Muller, 
commonly called Regiomontanus, from Monteregioys, 
or Koningfberg, a town of Franconia, where he was 
bern. He completed the epitome of Ptolemy’s Alma- 
gett, which Purbach had begun; and: after the death. 
of his friend, was invited to Rome, where he made many 
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aftronomical obfervations. Being returned to Nurem- 
berg in 1471, by the encouragement of a wealthy citizen 
named Bernard Walther, he made feveral inftraments 
for aftronomyal obfervations, among which was an ar- 
millary aftrAlabe, like that ufed in Alexandria by Hip- 
parchus and 2tolemy, with which he made many obfer- 
vations, ufing Ifo a good clock, which was then but a 
late invention. “He made ephemerides for 30 years to 
come, fhewing the unations, eclipfes, &c ; and, the 
art of printing having then been lately invented, he 
printed the works of many of the moft celebrated ancient 
aftronomers. He wrote the Theory of the Planets and 
Comets, and a treatife on triangles, ftill in repute for fe- 
veral good theorems ; compntin: the table of fines for 
every fingle minute, to the radius 1000000, and in+ 
troducing the ufe of tangents alfo. into trigonometry. 
‘After his death, which happened at Rome in 1476, 
being only 40 years of age, Walther colleéted his papers, 
and continued the aftronomical obfervations till his own 
death alfo. The obfervations of both were colleéted by 
order of the fenate of Nuremberg, and publifhed there 
in 1544 by John Schoner: they were alfo afterwards 
publithed in 1618 by Snellius, at the end of thé obfer- 
wations made bythe Landgrave of Heffe; and laftly 
with thofe of Tycho Brahé in 1666. 

Walther was fucceeded, as aftronomer at Nuremberg, 
by John Werner, a clergyman. He obferved the motion 
of the comet in 1500; and wrote feveral tra&ts on geo- 
metry, aftronomy,and geography ina mafterly manner; 
the mott remarkable of which, are thofe concerning the 
motion of the 8th fphere, or of the fixed ftars 5 in this 
tract, by comparing his own obfervations, made in 
1514, with thofe of Ptolemy, Alphonfus, and others, 
he fhewed that the motion of the fixed ftars, fince called 
the preceffion of the equinoxes, is 1° 10’ in 100 years. 
He made alfo the firft dat of Aries 26° diftant from the 
equinogtial point, and the obliquity of the ecliptic only 
23° 28, He conftruéted a planetarium, reprefenting 
the celeftial motions according to the Ptolemaic hypo- 
thefis; and he publifhed a tranflation of Ptolemy’s 
Geography, with a commentary, in which he firft pro- 
pofed the method of finding the longitude at fea by 
abferving the moon’s diftance from the fixed ftars; now 
fo facce(sfully prattifed for that purpofe. Werner died 
in 1528, at 60 years of age. 

Nicolaus Copernicus was the next who made any con- 
fiderable figure in aftronomy, by whom indeed the old 
Pythagorean fyftem of the world was reftored, which 
had been till now fet afide from the time of Prolemy. 
About the year 1507 Copernicus conceived doubts of 
this fyitem, and entertained notions about the true‘ones 
which he gradually improved bya feries of aftronomical 
obfervations, and the contemplation of former authors. 
By thefe he formed new tables, and completed his 
work in the year 1530, containing thefe, and his re- 
novation of the true fyftem of the univerfe, in which 
all the planets are confidered as revolving about the 
fun, placed in the centre. But the work was only 
printed in 1543, under the care of Schoner and Ofiander, 
by the title of Revolutiones Orbium Carleffiums and 
the author juit received a copy of the worka few hours 
before his death, which happened on the 234 of May 
5543, at 70 years of age. 
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After the death of Copernicus, the fclenee and prac- 
tice of atronomy were greatly improved by many other 
perfons, as Schoner, Nonius, Appian, Gemma Friflas, 
Rothman, Byrgins, the Landgrave of Hefie, &c.— 
Schoner reformed and explained the calendar, improved 
the methods of making celeftial obfervations, and pub- 
lifhed a treatife on cofmography ; but he died four years 
after Copernicus.—Nonius wrote feveral works on ma- 
thematics, aftronomy and navigation, and invented fome 
ufefal and more accurate inftruments than formerly ; 
one of thefe was the aftronomical quadrant, on which he 
divided the degrees into minutes by a number of concen- 
tric circles ; the firft of which was divided in go equal 
parts or degrees, the fecond into 89, the third into 88, and 
fo on, to 46; fo that, the index of.the quadrant always 
falling upon or near one of the divifions, the minutes 
would be known by an ealy computation.—The chief 
work of Appian, Te Cafarean Affronamy, was publithed 
at Ingoldftat in 15405 in which he fhews, how to ob- 
ferve the places of the ftars and planets by the aftrolabe ; 
torefolve aftronomical problems by certain inflruments; 
to preditt eclipfes, and to deferibe the figures of them ; 
and the method of dividing and ufing an aftronomical 
quadrant: at the end are added obfervations of 5 comets, 
one of which has been fuppofed the fame with that ob- 
ferved by Hevelius, and if fo, itought to have returned 
again in the:year 17389 3—but it was. not obferved then. 
Gemma Frifius wrote a commentary on Appian’s Cz 
mography, accompanied with many 0 fervations of eclip- 
fes: he alfo invented the aftronomical ring, and feveral 
other inftruments, ufeful in: taking obfervations at 
fea; and he was the firit who recommended a time- 
keeper for determining the longitude at fea.—Rheticus 
gave up his profefforfhip of mathematics at Wittemberg, 
that he might attend the aftronomical lectures of Coper- 
nicus; and, for improving aftronomical calculations, he 
began a rey extenfive work, being a table of fincs, tan- 
gents, and fecants, to avery large radius, and to every 
To feconds, or £ of a minute ; which was completed by 
his pupil Valentine Otho, and publithed in 1594. 

‘About the year 1561, William IV, Landgrave of 
Heffe Caffel, applied himfelf to the ftudy of aftronomy, 
having farnifhed himfclf with the bef infruments 
that could then be made: with thefe he made a great 
number of obfervations, which were publithed by Snel- 
lius in 1618, and which were preferred by Hevelius to 
thofe of Tycho Brahé. From thefe obfervations he 
formed a catalogue of 400 flars, with their latitudes and 
longitudes, adapted to the beginning of the year 1593. 

Tycho Brahé, a noble Dane, began his obfervations 
about the fame time with the Landgrave of Heffe, above- 
mentioned, and he obferved the hah ey of 
JupitePand Saturn: but finding the ufual inftroments 
very inaccurate, he confrused many others much 
larger and exa@ter, with which he applied himfelf 
diligently to obferve the celeftial phenomena. In 
1571 he difcovered a new ftar in the chair of Caffiopcia; 
which induced him, like Hipparchus on a fimilar oc- 
cafion, to make a new catalogue of the ftars; which 
he compofed to the number of 777, and adapted their 
places to the year 1600. In the year 1576, by favour 
of the king of Denmark, he built his new obfervatory, 
called Uraniburg, on the fmali ifland Huenna, oppofite 

to 
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te Copenhagen, and which he very amply furnithed with 
many large inftruments, fome of them fo divided as 
to thew fingle minutes, and in others the arch might be 
vead off to 10 feconds. One quadrant was divided ac- 
cording to the method invented by Nonius, that is, by 
47 concentric circles; but moft of them were divided 
by diagonals ; a method of divifion invented by a Mr. 
Richard Chanceler, an Englithman.: Tycho employed 
his time at Uraniburg to the beft advantage, till the 
death of the king, when, falling into diferedit, he was 
obliged to remove to Holftein ; and he afterwards found 
means of introducing himfelf to the Emperor Rodolph, 
with whom he continued at Prague till the time of his 
death in 1601.—It is well known that Tycho was the 
inventor of a fyitem of aftronomy, a kind of Semi-Pto. 
lemaic, which he vainly endeavoured to eftablith inftead 
of the Copernican or true fyfem. His works, however, 
which are very numerous, fhew that he was a man of 
great abilities ; and his difcoveries, together with thofe 
of Puarbach and Regiomontanus, were colle€ted and 
publifhed together in 1621, by Longomontanus, the 
favourite difciple of Tycho, £ 

While Tycho refided at Prague with the emperos; 
he prevailed on Kepler to leave the univerfity of Glatz, 
and to come to him, which he did with his family and 
library in 1600; but Tycho dying in 1601, Kepler en- 
joyed all his life the title of mathematician tothe Em- 

tor, who ordered him to finith the tables of ‘Tycho 

rahé, which he did accordingly, and publifhed them 
in 1627, under the title of Rodolphine.. He died about 
the year 1630 at Ratifbon, where he was foliciting the 
arrears of his penfion. From his own obfervations, 
and thofe of Tycho, Kepler difcavered feveral of the 
true laws of nature, by which the motions of the celef- 
tial bodies are regulated. He difcovered that all the 
planets revolved about the fun,-not in circular, but in 
elliptical orbits, having the fun in one of the foci of the 
cliipfe; that their motions were not equable, but vary 
ing, quicker or flower, as they were near to the fun dr 
farther from him ; but that this motion was fo regulated, 
that the areas defcribed by the variable line drawn from 
the planet to the fun, are equal in equal times, and al- 
Ways proportional to the times of defcribing them. He 
alfo difcovered, by trials, that the cubes of the diftances 


of the planets from the fun, were in the fame propor. — 


tion as the {quares of their periodical times of revolution. 
By obfervations alfo on comets, he concluded that they 
are freely carried about among the orbits of the planets, 
in paths that are nearly reétilinear, but which he could 
not then determine. Befides many other difcoveries, 
which are to be found in his writings. : iy 
In Kepler’s time there were many other good pros 
ficients in aftronomy ; as Edward Wright, baron Napier, 
John Bayer, &c. Wright made feveral good meridi- 
onal obfervations of the fun, with a quadrant of 6 fect 
radius, in the years 1594, 1595, and 1596; from which. 
he greatly improved the theory of the fun’s motion, and 
computed more accurately his declination, than any 
perfon had done before. In 1599 he publithed alfo an. 
excellent work entitled «* Certain Errors in Navigation 
difcovered and detetted,”* containing ahethod which 
has commonly, though erroneoufly, been afcribed to 


Mercator.—'l'o Napier we owe fome excellent theorems. . 


and improvements in fpherics, belides the ever memo-- 
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rable invention of togarithms,“one of the maf nfefal 
ever made in the art of numbering, and of the greatett ‘ 
ufe in all the other mathematical fciences.—Bayer, a 
German, publithed his Uranometria, being a complete 
celeftial atlas, or the figures of all the conftellations vi- 
fible in Europe, with the ftlars marked ca them, and 
the ftars alfo accompanied by names, a the letters of 
the Greek alphabet; a contrivance ky which the ftars 
may eafily be referred to with diftisiétnefs and precifion, ‘ 
-—About the fame time too, aftronomy was cultivated . 
by many other perfons; namely, abroad by Mercator, 
Maurolycus, Maginus, Homelius, . Schultet, Stevin, 
Galileo, &c; and in England by Thomas and Leonard 
Digges, John Dee, Robert Flood, Harriot, &c. 2 
‘Yhe beginning of the 17th century was particu. 
larly diftinguifhed by the invention of telefcopes, and 
the application of them to aftronomical obfervations 
an invention to which we owe the moft brilliant ditco- 
veries, and all the accuracy to which the {cience isnow . 
brought, The more diftinguithed early obfervations 
with the telefcope, were made by Galileo, Harriot, 
Huygens, Hook, Caffini, &, It ‘is faid that from re- 
port only, and before he had feen one, Galileo made for‘ 
himfelf telefcopes, by which he difcovered inequalities 
in the moon’s furface, Jupiter’s fatellites, and the ring 
of Saturn; alfo fpots on the fun, by which he found 
out the revolution of that luminary on his axis; and he 
difcovered that the nebula and milky way were full of 
fmall tars, Harriot alfo, who has hitherto been known 
only as an algebraift, made much the fame difcoveries as 
Galileo, and as early, if not more fo, as appears by his 
papers not yet printed, in the poffeflion of the earl of" 
Egremont. : ae 
- Mr. Horrox, a yeung aftronomer of great talents, . 
made confiderable difcoveries and improvements, In 
1633 he found out that the planet Venus would pats 
over the fun’s dife on the 24th of November, 16395 an 
event which he announced only to his friend Mr. Crab- 
tree; and thefe two were the only perfons.in the world. 
that obferved this tranfit,, which was alfo the firft time 
it had ever been feen by mortal eyes. Mr. Horrox- 
made alfo many other ufeful obfervations, and had even 
formed a new theory of the moon, taken notice of by . 
Newton; but his early death, in the beginning of the 
year 1640, puta itop to his ufeful and valuable labours. 
About the fame time flourithed Hevelius, Burgomaf- 
ter of Dantzic, who furnifhed an excellent obfervatory 
in his own houfe,; where he obferved -the fpots and. 
phafes of the moon, from which obfervations he com- 
piled his Selenographia s and an account of his apparatus 
4s contained in his work entitled Machina Carleftis, a 
book now very fcarce, as moft of the copies were ac¢i. - 
dentally burnt, with the whole houfe and apparatus, in. 
1674. Hevelias died in 1688, aged 76... a pe 
~Dr. Hook, a contemporary of Hevelius, invented: 
inftraments with telefcopic. fights, and cenfured thofe 
of the latter ; which occafioned a (harp difpute between. 


~ them, and to fettle which the celebrated Dr. Halley 


was fent over to Hevelius to examine his inftruments. 
The two aftronomers made feveral obfervations toge- 


ther, very much to their fatisfaGion, and amongtt._ 


them was one of an occultation of Jupiter by the moon, . 
when they determined the diameter of the latter to be 
30° 33> : 


wt 
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Before the middle of the 17th century the conttruc- 
tion of telefcopes kad been greatly improved, particu- 
larly by Huygens and Fontana. The former conftruéted 
one of 123 feet, with which he long obferved the moon 
and planets&nd difcovered that Saturn was encompafled 
with ating, With telefcopes to, of z00 and 309 feet 
focus, Caffint faw five fatellites of Saturn, with his 
zones or belt¢, and the thadows of Jupiter’s fatellites 
pafling over histady. In 1666 Azout applied a mi- 
crometer to telefcopts, to meafure the diameters of the 
planets, and other {mall diftances in the heavens: butan 
inftrument of this kind had been invented before, by 
Mr. Gafcoigne, though it was but little known abroad. 

To obviate the difficulties of the great lengths 
of refraéting telefcopes and the aberration of the rays, 
it is faid that Merfennus firft ftarted the idea of making 
telefcopes of reflectors, inftead of lenfes, in a letter 
to Defcartes; and in 1663 James Gregory of Aber- 
deen fhewed how fuch a telefcope might be conftructed. 
After fome time fpent alfo by Newton, on the con- 
ftru€ion of both forts of elena: he found out the 
great. inconvenience which arifes to refractors from the 
different refrangibility of the rays of light, for which he 
could not then find a remedy; and therefore, purfuing 
the other kind, in the year 1572 he prefented to the 
Royal Society two reflectors, which were conftrucéed 
with fpherical fpeculums, as he could not procure other 
figures. The inconveniences however arifing from the 
different refrangibility of the rays of light, have fince 
been fully obviated by the ingenious Mr. Dollond. 
Towards the latter part of the 17th, and beginning of 
the 18th century, practical altronomy it feems rather 
languifhed. But at the fame time the {peculative part 
was carried to the higheit perfeétion by the immortal 
Newton in his Principia, and by the Aflronomy of 
David Gregory. 

Sdon after this however, great improvements of aftro- 
nomical inftruments began to take place, particularly in 
Britain, Mr. Graham, acelebrated mechanic and watch- 
maker, not only improved clocks and watch work, but 
alfo carried the accuracy of aftronomical infruments to 
a farprifing degree. He conitruéted the old 8 feet 
mural arch at the Royal Obfervatory, Greenwich, and a 
fmall equatorial fe€tor for making obfervations out of the 
meridian; but he is chiefly remarkable for contriving 
the zenith feétor of 24 feet radius, and afterwards one 
of 12} feet, with which Dr, Bradley difeovered the 
aberration of the fixed ftars. ‘The reflecting telefcope 
of Gregory and Newton, was greatly improved by Mr. 
Hadley, who prefented a very powerful inftrument of 
that kind to the Royal Society in 1719. The fame 
gentleman has alfo immortalized his memory by the 
invention of the reflecting quadrant or fector, now called 
by his name, which he prefented ta the fociety in 1731, 
and which is now fo univerfally ufeful at fea, efpecially 
where nice obfervations are required. lt appears how- 
ever that an inftrument fimilar to this in its principles, 
had been invented by Newton; and a defcription with 
a drawing of it given by him to Dr. Halley, when he 
was preparing for his voyage in 1703, to difcover the 
variation of the needle: it has alfo been afferted that a 
Mr. Godfrey of Philadelphia in America, made the fame 
dilcovery, and the firk ioftroment of this kind. About 
the middle of this century, the conftruéting and dividing 
of large aftronomical inftruments were carried to great 
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perfe&tion by Mr. John Bird ; and refledting telefcopes 
were not lefs improved by Mr. Short, whoalfo firft ex- 
ecuted the divided object-glafs micrometer, which had 
been propofed and defcribed by M. Lauville and others. 
Mr. Dollond alfo brought refracting telefcopes to the 
greateft perfe&tion, by means of his acromatic glafles 5 
and lately the difcoveries of Herfchcl are owing to the 
amazing powers of reflectors of his own conftrgCtion. 

Thus the aftronomical improvements in the prefent 
century, have been chiefly owing to the foregoing in- 
ventions and improvements in the inflruments, and to 
the eftablifhment of regular obfervatories in England, 
France, and other parts of Europe. Roemer, a cele- 
brated Danith Aftronomer, firft made ufe of a meridional 
telefcope; and, by obferving the eclipfes of Jupiter's 
fatellites, he firft difcovered the progreffive motion of 
light, concerning which he read a differtation before 
the Academy of Sciences at Paris in 1675.—-Mr. Flam- 
ftecd was appointed the firft Aftronoimer Royal at 
Greenwich in 1673. He obferved, for 44 years, all 
the celefial phenomena, the fun, moon, planets, and 
fixed flars, of all which he gave an improved theory and 
tables, viz. a catalogue of 3000 ftars with their places, 
to the year 1689; alfo new folar tables, and a theory of 
the moon according to Horrox; likewife, in Sir Jonas 
Moore's Sytem of Mathematics, he gave a curious 
traét on the doftrine of the fphere, fhewing how, geo- 
metrically, to conftraét eclipfes of the fun and moon, as 
well as occultations of the fixed tars by the moon, And 
it was upon his tables that were conftradted both Hal- 
ley’s tables, and Newton’s theory of the moon,—Catlini 
allo, the firft French Aftronomer Royal, very much 
diftinguifhed himfelf, making many obfervations on the 
fun, moon, planets and comets, and greatly improved 
the elements of their motions. He alfo ere€ted the 
gnomon, and drew the celebrated meridian line in the 
church of Petronia at Bologna. 

In 1719 Mr. Flamiteed was fucceeded by Dr. Halley, 
as Affronomer Royal at Greenwich. The Door had 
been (ent, at the early age of 21, to the ifland of St 
Helena, to obferve the fouthern ftars, and make a cata- 
logue of them, which was publified in 1679. In 1705 
he publifhed his Sygopfis Afrenomia Cometica, in which 
he ventured to prediét the return of a comet in 1758 or 
1759. He was the firft who difcovered the acceleration 
of the moon, and he gave a very ingenious method for 
finding her parallax by three obferved phafes of a folar 
eclipfe. He publithed, in the Philofophical ‘rantac- 
tions, many learned papers, spain them fome that 
were concerning the ufe that might be made of the next 
tranfit of Venus in determining the diftance of the fun 
from the earth. Hecompofed tables of the fun, moon, 
and all the planets, which are ftillin great repute ; with 
which he compared the obfervations he made of the 
moon at Greenwich, amounting tonear 1500, and noted 
the differences. He recommended the method of de- 
termining the longitude by the moon's diltances from 
the fun and certain fixed ftars; a method which had 
before been noticed, and which has fince been carried 
into execution, more particularly at the inftance of the 
prefent Aitronomer Royal. 

About this time a difpute arofe cogcerning the figure 
of the earth, Sir ifzac Newton had determined, trom 
a confideration of the laws of gravity, and the diurnal 
motion of the earth, that tlle figure of it was an oblate 
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fpheroid, and flatted at the poles: bat Caffini had de- 
termined, from the meafures of Picart, that the figure 
was an oblong fpheroid, or lengthened at the poles. 
Yo fettle this difpute, it was refolved, under Lewis XV, 
to meafure two degrees of the meridian ; one near the 
equator, and the other as near the pole as pofible. For 
this purpofe, the Royal Academy of Sciences fent to 
Lapland, Mefs, Maupertuis, Clairault, Camus, and Le 
Monier ; being alfo accompanied by the Abbé Onthier, 
and by M. Celfus, profeffor of anatomy at Upful. And 
on the fouthern expedition were fent Mefs. Godin, 
Condamine, and Bouguer, to whom the king of Spain 
joined Don George Juan and Don Antonio de Ulloa. 
Thefe fet out in 1735, and returned at different times in 
1744, 1745, and 1746; but the former party, who fet 
out only in 1736, returned the year following ; having 
both fulfilled their commifions, Picart’s meafure was 
alfo revifed by Caffini and De la Caille, which after 
his errors were corregted, was found to agree very well 
with the other two; and the refult of the whole ferved 
to confirm the determination of the figure before laid 
down by Newton.—On the fouthern expedition, it was 
found that the attraction of the great mountains of Peru 
had a fenfible effet on the plumb-line of one of their 
Jargeft inftruments, defleéting it 7 or 8 feconds from 
the true perpendicular. 

On the death of Dr. Halley, in 1742, he was fuc- 
ceeded by Dr, Bradley, as Aftronomer Raya! at Green- 
wich, ‘Che accuracy of his obfervations enabled him to 
detc& the fmaller inequalities in the motions of the pla- 
nets and fixed flars. ‘The confequence of this accuracy 
was, the difcovery of the aberration of light, the nuta- 
tion of the earth’s axis, and a much greater degree of 
perfection in the lunar tables, He alfo obferved the 
places, and computed the elements of the comets which 
appeared in the years 1723, 1736, 1743, and1757. He 
made new and accurate tables ofthe motions of Jupiter’s 
fatellices ; and from a multitude of obfervations of the 
luminaries, he conftruéted the moft accurate table of 
refractions yet extant, Alfo, witha very Jarge tranfit 
inframent, and a new mural quadrant of 8 feet radius, 
conftruéted by Mr. Bird in 1750, he made an immenfe 
number of observations for fettling the places-of all the 
ftars in the Britith catalogue, together with near 1500 
places of the moon, the greater part of which he com- 
pared with Mayer’s tables. Dr. Bradley died in 1762. 

In the mean time the mathematicians and aftronomers 
elfewhere were affiduous in their endeavours to promote 
the fcience ofaftronomy. The theory of the moon was 
particularly confidered by Meffts.Clairault, D’Alembert, 
Euler, Meyer, Simpfon, and Walmfly, and efpecially 
Clairault, Euler, and Mayer, who computed complete 
fets of lunar tables; thofe of the lait of thefe authors, 
for their fuperior accuracy, were rewarded with a pre- 
tium of 3000 pounds by the Board of Longitude, who 
brought them into ufe in the computation of the Nau- 
tical Ephemeris, publithed by that Board.—The mot 
accurate tables of the fatellites of Jupiter werecompofed, 
from obfervations by Mr. Wargentin, an excellent Swe- 
difh aftronomer.— Among the many French aftronomers 
who contributed to the advancement of the fcience, it 
was particularly indebted to M. De la Caille, for an 
excellent fet of folar tables. And in 1750 he went to 
the Cape of Good Hope to make obfervations in concert 
. Vouwd, a 
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with the mof celebrated aftronomers in Europe, for 
determining the parallax of Mars and the moon, and 
thence, that of the fan, whieh it was concluded did not 
much exceed 10 feconds. Here he re-examined, and 
adjufted, with great accuracy, the ftars about the fouth- 
ern pole; and aifo meafured a degree of the meridian. 
~—In Italy the fcience was aifiduoufly cultivated by Bi- 
anchini, Bofcovich, Frili, Manfredi, Zanotti, and thany 
others; in Sweden by Wargentin aiready mentione 
Blingenftern, Mallet, and Planman; and in Germ 
by the Enlers, Mayer, Lambert, Grifchow, and others. 

Th the year 1769 al] the learned Societies in Furope 
made preparations for obferving the tranfit of Venus 
over the fun, which had been prediéted by Dr. [alley 
more than 80 years before, and the ofe that might be 
made of it in determining the fun’s parallax, and the 
diftances of the planets from the fan. And the fame 
exertions were repeated, to obferve the tranfit in 1769, 
by fending obfervers to different parts of the world, for 
the more convenience in obferving. And from the 
whole, Mr. Short computed that the firn’s parallax was 
nearly 8% feconds, and confequently the diftance of 
the fun from the earth about 24114 of the earth's dia- 
meters, or 96 millions of miles. - 

Dr. Bradley was fucceeded, in176z, in his office of 
Aftronomer Royal, by Mr. Blifs, Savilian profeffor of 
aftronomy ; who being ina declining ftate of health, 
did not long enjoy it. But dying in 1765, was fuc- 
ceeded by the learned Nevi! Mafkelyne, 1. 1). the pre- 
fent Aftronomer Royal, who has difcharged the duties 
of that office with the greatcft honour to himfelf, and 
benefit to the fcience. i January 1761 this gentleman 
was fent by the Royal Society, ata very aay age, to 
the ifland of St. Helena, to obferve the tranfit of Ve« 
nus over the fun, and the parallax of the ftar Sirius. The 
firft of thefe objeéts partly failed, by clouds preventing 
the fight of the zd internal contaét; and the zd alfo, 
owing to Mr. Short having fufpended the plumbline by 
a loop from the neck of the central pin. However, our 
aftronomer indemnified himfelf by many other valuable 
bye sed : Thus, he obferved at St. Helena, the tides; 
the horAry parallaxes of the moon; and the going of a 
clock, to find, by comparifon with its previous going 
which had been obferved in England, the difference 
of gravity at the two places: alfo, in going out and 
returning, he prattifed the method of finding the ton- 
gitude by the lunar diftances taken with a Hadley’s 
Quadrant, making out rules for the ufe of feamen, and 
taught the method to the officers or 
which he afterwards explained ina lett 
tary of the Royal Society, inferted in t 
for the year 1762, and flill more fully afterwards, in the 
Britith Mariner's Guide, which he publithed in the year 
1763. He returned from St. Helena in the fpring of 
1762, after a flay there of to months 3 and in Septem~ 
ber 1753 failed for the ifland of Barbaddes, to feitle whe 
longitude of the place, and to compare Mr. Harrifeu’s 
watch with the time there when this gentlonar. 
fhould bring it out: another objeé was.alfo to try Mr. 
Irwin’s marine chair, which he. did in bis way oat. 
While at Barbadoes, he alfo made many ether obferva- 
tions, and amongft them, many relating to the moan’s 
-horary parallaxes, not yet prblifhed. Returning te 
England in the latter part of the y-ar 1764, he was 
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appointed in 1765 to fucceed Mr. Blifs as Aftronomer 
Royal, and immediately recommended to the Board of 
Longitude the lunar method of finding the longitude, 
and propofed to them the proje& of a Nautical Al- 
manac, to be calculated and publifhed to facilitate that 
method; this they agreed to, and the firft vol. was 
publithed for1767, and it has continued ever fince un- 
der fis direétion;.to the great benefit of navigation and 
univerfal commerce. 

‘A multitude of other ufeful writings by this gentle- 
man are inferted in the volumes of the Philof. Tranf. 
and particularly in confequence of a propofal, made by 
him to the Royal Society, the noble project was formed 
of meafuring very accurately the effect of fome mountain 
on the plumb line, in defleéting it from the perpendicu- 
Jar; and the mountain of Schehallien, in Scotland, hay- 
ing been found the moft convenient in this ifland for the 
purpoie, at the requelt of the Society, “he went into 
Scotland to conduct the bufinefs, which he performed 
in the moft accurate manner, fhewing that the fum of 
the deflections on the two oppofite fides was about 11} 
feconds of a degree ; and proving, tothe fatisfadtion of 
the whole world, the univerfal attraction of all matter. 
From the data refulting from thefe meafores T have 
computed the mean denfity of the whole matter in the 
earth, which I have found to be about 4} times that of 
common water. Befides many learmed and valuable 
papers in the Philofophical Tranfactions, and the moft 
affiduous exertions in the duties of the obfervatory, as 
abundantly appears by the curious and voluminous ob- 
fervations which he has publithed, the world is parti- 
cularly obliged to his endeavours with the Board of 
Longitude, for the publication of the Nautical Ephe- 
meris, and the method of obferving the longitude, by 
the diftances of the moon and ftars, now adopted by 
all nations, and by which the practice of Navigation 
has been brought to the greateft perfection. 

Finally, the difcoveries of Dr. Herfchel form a new 
nrainaftronomy. He firft, in 1781, began with ob- 
fervations on the periodical ftar ix Collo Ceri, and a new 
method of meafuring the Junar mountains, none of 
which he made more than halfa mile jn height: and, 
having conftructed telefcopes vaftly more powerful than 
any former ones, he proceeded to other obfervations, 
concerning which he has had feveral papers printed in 
the Philolophica} Tranfaétions ; as, On the rotation of 
the planets round their axis; On the parallax of the 
fixed ftars; Catalogues of double, triple, &e ftars; On 
the proper motion of the fun and folar fyftem ; On the 
remarkable appearances of the folar regions of the pla- 
net Mars, &c. And, above all, his difcovery of anew 
primary planet, on the 13th of March 1781, which he 
calls the Georgian Planet, bot it is named the Planet 
flerfebel by whe French and other foreign aftronomers ; 
by which, and its two fatellites, which he has alfo dite 
covered fince that time, he has greatly enlarged the 
bounds of the folar fyftem, this new planet being more 
than twice as far from the fun as the planet Saturn, 

‘Lifts and hiftorical accounts of the principal writings 
and authors on aftronomy are contained in Weidler’s 
Hiftory of Aftronomy, which is brought down to the 
year 1737. There js alfo Bailly’s Hiftory of aitronomy, 
ncient and modern. For this purpoie, confult alfo 
the following authors, viz, Adam, Voffius, Bayle, 
Chanlepié, Niceron, Pexraut, the chronological table ef 
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Riccioli, and that of Sherburn, at the end of his edition 
of Manilius; alfo the firt volume of De la Lande’s 
aftronomy, The more modern, and popular books on: 
aftronomy, are very numerous, and well known: as 
thofe of Fergufon, Long, Emerfon, Vince, Dela Lande, 
Leadbetter, Brent, Keil, Whifton, Wing, Street, &c, 
&c. 

ASTROSCOPE, 2 kind of aftronomical infrument, 
compofed of two cones, on the furface of which are de- 
Tineated the conftellations, with their ftars, by means of 
which thefe may eafily be known in the heavens. The 
aftrofcope was invented by William Shukhard, profeffor 
of mathematics at Tubingen, upon which he publithed 
a treatife in 1698. 

; ASTROSCOPIA, the art of obferving and examin- 
ing the lars, by means of telefcopes, to difcover their 
nature and properties. 

ASTROTHEMATA, the places or pofitions of the 
flars, in an aftrological icheme ofthe heavens. 

_ ASPROTHESIA, is ufed by: fome for a conftella- 
tion or collection of ftars in the heavens. 

ASTRUM, or Astron, a conftellation, or affem- 
blage of ftars: in which fenfe it is diftinguifhed from 
fer, which denotes afingle ftar. Some apply the term, 
in a more particular fenfe, to the Great Dog, or rather 
to the large bright ftar in his mouth. 

ASYMMETRY, the want of proportion, otherwife 
called incommenfurability, or the relation of two quan- 
tities which have no common meafure, as between 1 and. 

2, or the fide and diagonal of a fquare. 

ASYMPTOTE, is properly a right line, which ape 
proaches continually nearer and nearer to fome curve, 
whole afymptote it is {aid to be, in fuch fort, that when 
they are both indefinitely produced, they are nearer 


‘together than by any affignable finite diftance ; or itmay 


be confidered as a tangent to the curve when conceived 
to be produced to an infinite diftance. ‘T'wo curves are 
alfo faid to be afymptotical, when they thus continu- 
ally approach indefinitely to a coincidence: thus, two 
parabolas, placed with their axes in the fame right line, 
are afymptotes to ohe another. 

Of lines of the fecond kind, or carves of the firft kind, 
that is the conic feGiions, only the hyperbola has afymp- 
totes, which aré two in number. All curves of the 
fecond kind have at leaft one afymptote ; but they may 
have three. And all curves of the third kind may have 
four afymptotes. The conchoid, ciffoid, and Jogarithmic 
curve, though not reputed geometrical curves, have each 
one afymptote. And the branch or leg of a curve that 
has an afymptote, is faid to be of the hyperbolic kind. 

The nature of afymptotes will be eafily conceived 
from the inflance of the afymptore to the conchoid. 
"Thus, if ABC &c be part of a conchoid, and the line 
MN be fo drawn that the parts FB, GC, HD, If, &c, 
of right lines, drawn from the pole P, be equal to each 
other; then wiil the line MN be the afymptote of the 
curve: heeaufe the perpendicular Ce is shorter than FB, 
and Dd than Ce, &¢; fo that the two lines continually 
approach ; yet the points Ee &c can never coincide, 
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Asy mp rtores ofthe Hy perwota are thus deferibed. 
Suppofe a right line DE drawn to touch the curve in 
any point A, and equal to the conjugate de of the di- 
ameter ACB drawn to that point A, viz, AD or AE 
equal to the femiconjugate Cd or Ce; then the two 
lines CDF, CEH, drawn from the centre C, through 
the points D and E, are the two afymptotes of the 
curve, 





‘The parts of any right line, lying between the curve 
of the common hyperbola and its afymptotes, are equal 
to one another on both fides, that is, eG == 4H. In 
like manner, in hyperbolas of the fecond kind, if there 
be drawn any right fine cutting both the curve and its 
three afymptotes in three points, the fum of the two 
parts of that right line extended in the fame dire@ion 
from any two of the afymptotes to two points of the 
curve, is equal to the third part which extends in the 
Contrary dire€tion from the third afymptote to the third 
point of the curve, 

If AGK be an hyperbola of any kind, whofe nature, 
with regard to the curve and afymptote, is expreffed by 
this general equation x” y" =a™ ", where x is== CF, 
and y =: FG drawn any where parallel to the otherafymp- 
tote CH; and the parallelogram CFGI be completed : 
Then m—an isto 2, as this parallelogram CFGL is to the 
hyperbolic {pace FGK, contained under the determinate 
line FG, with the afymptote FK and the curve GK, 
both indefinitely continued towards K. So that, if m be 
greater than x, the faid afymprotic {pace ie finite and 
quadrable : but when m = x, asin the common or co- 
nic hyperbola, then # — » = 0, the ratio of that {pace 
to the faid parallelogram, isas » too: that is, the hy- 
perbolic {pace is infinitely great, in refpeét of the finite 
parallelogfam : and when m is lefs than n, then, m — 2 


being negative, the afymptotic fpace is to the determi- , 


nate parallelogram, asa pofitive number is to a negative 
one, and is what Dr. Wallis calls more than infinite. 
Asymprore of the Locaritumic Curve. If 
LMN be the logarithmic curve, QON an afymptote, 
LQ and MP ordinates, MO a tangent, and PO the 
fabtangent, which in this curve is a conftant quantity. 


Then the indeterminate fpace LMNQ Js equal to LQ. 


x TO, the relangle under the ordinate LQ and the 
conflant fubtangent PO ; and the folid generated by the 
rotation of that curve {pace about the afymptote NQ, 
is equa! to half the cylinder, whofe altitude is the faid 
conftant fubtangent FO, and the radius of its bafe is 
La. 

Asymprotes, by fome, are diftinguithed into va- 
rious orders, ‘I'he alymptote is faid to be of the &rit 
order, when itcoincides with the bafe of the curvilinear 
feore: of the 7d order. when it isa rieht Une porillel 
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lique to the bafe: ofthe 4th order, when it is the com- 
mon parabola, having its axis perpendicular to the bafe; 
and, in general, of the 2 + 2 order, when it is a para- 
bola whole ordinate is always as the » power of the bafe. 
The afymptote is obliqae to the bafe, when the ratio 
of the firit flaxion of the ordisate to the fuxion of the 
bafe, approaches to an affignable ratio, as its mit; but 
it is parallel to the bafe, or coincides with it, when this 
limit is not afignable. 

The dogtrine and determination ofthe afymptotes 
of curves, is a curious part of the higher geometry. 
Fontenelle has given feveral theozems relating to this 
fubject, in his Geometrie de U'Infini. See allo Stirling's 
Linee Tertii Ordinis, prop. vi, where the fubject of 
Afymptotes is learnedly treated ; and Cramer's Jarre. 
duttion & lanalyfe des lignes courbes, act. 147 & feg. for 
an excellent theory of afymptotes of geometrical curves 
and their branches. Likewife Maclaurin’s Algebra, 
and his Fluxions, book i, chap. 10, where he has care- 
fully avoided the modern paradoxes concerning infinites 
and infinite fimals, But the eafieft way of determining 
afymptotes, it feems, is by co’ fidering them as tan- 
gents to the curves at an infinite diftance from the 
beginning of the abfcifs, that is when the ab(cifi x is 
infinite in the equation of the curve, and in the pro~ 
propertion of # toy, or in that of the fubtangent to the 
ordinate, : 

The areas bounded by curves and their afymptotes, 
though indefinitely extended, have fometimes limits to 
which they may approach indefinitely near: and this 
happens in hyperbolas of all kinds, except the firt or 
Apollonian, and in the logarithmic curve ; as was obs 
ferved above. But in the common hyperbola, and 
many other curves, the afymptotical area has no fuch 
limit, but is infinitely great.—Solids, too, generated 
by hyperbolic areas, revolving about their afymptotes, 
have fometimes their limits; and fometimes they may 
be produced till they exceed any given folid.——Alfo 
the furface of fuch folid, when fuppofed to be infinitely 
produced, is either finite or infinite, according as the 
area of the generating figure is finite or infinite. 

ATLANTIDES, a name given to the Pleiades, or 
feven ftars, fometimes alfo called Vergilie, They were 
thas called, as being fuppofed by the pocts to have been, 
the daughters either of Atlas or his brother Hefperus, 
who were tranflated to heaven. 

ATMOSPHERE, a term ufed to fignify the whole 
of the fluid mafs, confitting of air, aqueons and other 
vapours, eletric fluid, &c, which furrounds the earth 
to a confiderable height, and partaking of all its mo- 
tions, both annual and diurnal. 7 

The compofition of that part of our atmofphere pro- 
perly called air, was till lately but very little known. 
Formerly it was fuppofed to be a fimple, homogeneous, 
and elementary fluid. But the experiments of Dr. 
Prieftley and others, have difcovered, that even the 
pureft kind of air, which they call dephlogifticated, is 
in reality a compound, and might be artificially pro- 
duced in various ways. ‘This dephlogifticated air, 
however, is but a fmall part of the compofition of oar 
atmofphere. By accurate experiments, the air we 
ufually breathe, is compofed of only one-fourth part of 
this dephlogifticated air, or perhaps Iefs; the other 
thrié wares. esate” Santdineg nt echt?’ Me Pehle 
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Befide thefe forts of air, it is obvious that the whole 
ma(s of the atmofphere contains agreat deal of wa- 
ter, together with a vaft heterogeneous collection of 
particles raifed from all bodies of matter on the fur- 
face of the earth, by efluvia, exhalations, &c; fo that 
it may be confidered as a chaos of the particles of all 
forts of matter confufedly mingled together. And hence 
the atmofphere has been confidered asa large chemical 
veflel, in which the matter of all kinds of fublunary 
bodies is copionfly floating; and thus expdd to the 
continual agtion of that immenfe furface the fun; from 
whence proceed innumerable operations, fublimations, 
feparations, compofitions, digeftions, fermentations, 
patrefactions, &c. 

There is, however, one-fubftance, namely the elec- 
trical fluid, which is very diftinguihable in the maf of 
the atmofphere, To meafure the abfolute quantity of 
this Muid, either in the atmofphere or any other fub- 
flance, is perhaps impoffible: and all that we know oa 
this fabjeét is, that the electric fluid pervades the at. 
mofphere ; that it appears to be more abundant in the 
Superior than the inferior regions ; that it feems to be 
the immediate bond of conneétion between the atmo- 
fphere and the water which is fafpended in ic; and that 
by its various operations, the phenomena of hail, rain, 
fnow, lightning, and the other kinds of meteors are 
accafioned. See thofe refpeétive articles; and fee alfo 
‘Bescaria’s Efay on Atmofpheric Eleétricity, an- 
nexed to the Englith tranilation of his Artificial Elec- 
tricity. 

Ujss of the Armospuere——The ufes of the atmo- 
Sphere are fo many and great, that ic feems indeed ab- 
folutely neceffary, not only to the comfort and conve- 
nience of men, but cven to the exiftence of all animai 
and vegetable life, and to the very conftitution of all 
kinds of matter whatever, and without which they 
would not be what they are : for by it we live, breathe, 
and have our -being ; and by infinuating itfelf into all 
the vacuities of bodies, it becomes the great ipring of 
mott of the mutations here below; as generation, cor- 
ruption, diffolution, &¢ ; and without which none of 
thefe operations could be carried on. Without the atmo- 
phere, no animal could exift, or indeed be produced ; 
neither any plant, all vegetation ceafing without its aid ; 
there would be neither rain nor dews to moiften the 
Face of the ground; and though we might perceive the 
fun and ftars like bright fpecks, we fhould be in utter 
darknefs, having none of what we call day-light or 
even twilight: nor would either fire or heat exiit with- 
out it. In fhort, the natureand conftitution of all mat- 
ter would be changed and ceafe; wanting this uni- 
verfal bend and conftituting principle, 

By the mechanical force of the atmofphere too, .as 
well a3 iss chemical virtues, many neceflary parpofes 
are anfwered. We employ it asa moving power, in 
the mation of fhips, to turn mills, and for other fuch 
ates. And it is one of the great difcoveries of the mo- 
dern philofophers, that the feveral motions attributed 
by the ancients to a fuga wacui, are really owing to the 
preffure of theatmofphere, Galileo, having obferved that 
there was-a certain ftandard al:itude, beyond which no 
water could be elevated by pumping, took an occafion 
from thence to call in que {ti on the dottrine of the schools, 
which aferibed the afcent ef water in pumps, to the 
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and inftead of it he happily fubftituted the 
hypothefis of the weight and preffure of the air. Ie 
was with him, indeed, little better than an hypothefis, 
fince it had not then thofe confirmations from experi- 
ment, afterwards found out by his pupil Torricelli, 
and other fucceeding philofophers, particularly Mr. 
Boyle. 

Nor have the attempts to fly or float through the air 
been altogether without fuccefs, F. De Lana thought 
he had contrived an areonautic machine for navigating 
the atmofphere : and Sturmiius, who examined it, af- 
ferted that it was not impraéticable: though Dr. Hook 
was of a different opinion, and deteéted the fallacy of 
the contrivance. Roger Bacon, long before, propofed 
fomething of the fame kind. The great fecret of this 
art is to contrive a machine fo much lighter than the 
air, that it will rife ep and Aloat in the atmofphere, and 
together with itfelf, buoy up and carry men along with 
it. The principle on which it is to be effected is, by 
means of an air pump, to exhanft the air from a very 
chin and light, yet firm, metalline veffel. But the hopes 
of faccefs in {uch an enterprize will appear very fmall if 
it be confidered, that if a globe were formed of brafs of 
the thicknefé only of ;!,0faninch, fuch a globe would 
require to be about 277 fect in diameter to float in the 
air: and if, as De Lana fuppofes, the diameter of the 
globe were but 25 feet, the thicknefs of the metal could 
not exceed +, of an inch. See Herman's Phoronomia 
pa. 158. Lowever, what is not to be expected from 
metalline globes or fhells, has now been fucce(sfully ac- 
complifhed by the balloons of cloth, filk, or ‘kin, 
of Montgolfier and others, See the article derofa- 
tion, &c. 

Salubrity of the Armospasre. On the tops of 
moontains the air is generally more falubrious than the 
pits or very deep places. Indeed denfe air is always 
more proper for re/piration, as to the mere quality of 
denfity only, than that which is rarer. But then the 
air on mountains, though rarer, is freer from phlogiftic 
vapours than that of pits; and hence it has been found 
that people can live very well on the tops of mountains, 
even when the air is but about half the denfity of that 
below. But it would feem that at fome intermediate 
height between the two extremes, the air is the moi 
falubrious and proper for animal life; and this height, 
according to M. de Sauflure, is about 500 of 600 yards 
above the level of the fea. 

Befides the difference arifing from the mere difference 
of altitude, the falubrity of the atmofphere is greatly 
affeéted by many other circumftances. The air, when 
confined or ftagnant, is commonly more impure than 
when agitated and fhifted: thus, all clofe places are 
unhealthy, and even the air in a bed chamber is lefs fa- 
lubrious in a morning, after it has been flept in, than in 
the evening. Dr. White, in vol. 68 Philof Tranf. 
gives an account of experiments on this quality of the 
air, and remarks one inftance when the air was particu- 
larly impure, viz September 13, 17773 when the ba- 
rometer fiood at 30°30, the thermometer at 69°; the 
air being then dry and fultry,and no rain having fallen 
for more than two weeks. A ‘light fhock of an earth. 
quake was perceived that day. In vol. 70 of the fame 
Tranfadtions, Dr. Ingenkoufz gives an account of fome 
experiments on this head, made in various places and 
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fuuations: he finds, « That the air at fea, and clofe to 
it, is in general purer, and fitter for animal life, than 
the air on the land:” -but the Dogtor did not find much 
difference between the air of the towns and of the coun- 
try, nor betwecn one town and another. The Abbé 
Fontana made nearly the fame conclufions, from ac- 
Curate expcriments, afferting, << that the difference be- 
tween the air of one country and that of another, at 
different times, is much lefs than what is commonly be- 
lieved ; and yet that this difference in the purity of the 
airat different times, is much greater than the difference 
between the air ofthe different places obferved by him.” 
Finally, M. Fontana concludes, that <* Nature is not fo 
partial as we commonly believe. She has not only 
given us an air almoft equally good every where at every 
time, but has allowed us a certain latitude, or a power 
of living and being in health in qualities of air which 
differ to a certain degree. By this I do not mean te 
deny the exiitence of certain kinds of noxious air in 
fome particular places; but only fay, that in general 
the air is good every where, and that the {mall differen- 
Ses are nat to be feared fo much as fome people would 
make us believe. Nor do I mean to {peak here of thofe 
vapours and other bedies which are accidentally joined to 
the common air in particular places, but do not change 
its nature and intrinfical property. ‘his ftate of the 
air cannot be known by the teft of nitrous air; and 
thofe vapours are to be confidered in the fame manner 
as we thould confider fo many particles of arfenic fwim- 
ming in the atmofphere. In this cafe it is the arfenic, 
and not the degenerated air, that would kill the animals 
who ventured to breathe it.”? 

Figure of the At mospuERE.—Asthe atmofphere en- 
velops all parts of the farface of our globe, ifthey both 
continued at reft, and were not endowed with a diurnal 
motion about their common axis, then the atmofphere 
would be ‘exaétly globular, according to the laws of 
gravity ; for all the parts of the furface of a fluid in a 
flate of reft, muft be equally removed from its centre. 
Butas the earth and the ambient parts of thaiatmofphere 
revolve uniformly togethepabout their axis, the differ- 
ent parts of both have a centrifugal force, the tendency 
of which is more confiderable, and that of the centripe- 
tal lefs, as the parts are more remote from the axis; 
and hence the figure of the atmofphere mutt become an 
oblate {pheroid ; fince the parts that correfpond to the 
equator are farther removed from the axis, than the 
parts which correfpond to the poles. Befides, the 
figure of the atmofphere mutt, on another account, re- 
prefent a flattened fpheroid, namely becaufe che fun 
ftcikes more dire@ly the air which encompafies the 
equator, and is comprehended between the two tropics, 
than that which pertains to the polar regions: for, from 
hence it follows, that the mafs of air, or part of the at- 
mofphere, adjoining to the poles, being lefs heated, 
cannot expand fo much, nor reach fo high. And yet, 
notwithitanding, as the fame ferce which contributes 
to elevate the air, diminithes its gravity and preffure on 
the furface of the earth, higher columns. of it about 
the equatorial parts, all other circumftances being 
the fame, may not be heavier than thofe about the 
poles, 
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figure, height, weight, &c, of the atmofphere. He ob- 
ferves that, in the natural Rate of the atmofphere, that 
is, when the barometer would every where, at the level 
of the fea, fland at 30 inches, the weight of the atmo- 
fphere, at the furface of the fea, muft be equal al! over 
the globe; and in order to produce this eguality, as 
the weight proceeds from its denfity and height, it mut 
be loweit where the denfity is greateft, and higheit 
where the denfity is leat; that is, highelt at the 
equator and lowelt at the poles, with feveral interine- 
diate gradations. 

Though the equatorial air however be lef; denfe toa 
Certain height than the polar, yet at fome greater 
heights it muft be more denie: for fince an equatorial 
and polar column are equal in total weight or mafs, the 
lower part of the equatorial column, being more ex- 
panded by heat &c than that of the polar, muit have 
lefs mafs, and therefore a proportionably greater part 
of its mafs muft be found in its fuperior fe€tion; fo that 
the lower extremity of the faperior fedtion of the equa- 
toria! column is more Compreffed, and confequently 
denfer, than the correfponding part of the polar co- 
lumn. The fame thing is to be underftuod alfo of the 
extratropical columns with refpe& to each other, 
where differences of heat prevail. 

Hence, in the higheft regions of the atmofphere, the 
denfer equatorial air, not being fupported by the col- 
lateral extra-tropical columns, sradually fiows over, 
and rolls down to the north and fouth. 

Thefe fuperior tides confit chiefly of inflammable air, 
as itis much lighter than any other, and is generated in 
great plenty between the tropics; it furnithes the matter 
of the aurora borealis and aultralis, by whofe combutftion 
itis deflroyed, elfe its quantity would in time become 
too great, and the weight of the atmofphere annually 
increafed; but its combuftion is the primary fource of 
the greatelt perturbations of the atmofphere. 

Weight or Preflure of the Armospnsxe.—it is evt- 
dent that the mai of the atmofphere, in common with 
all other matter, muit be endowed with weight and 
preffure ; and this principle was aflerted by almoft all 
philofophers, both ancient and modern. But it was 
only by means of the experiments made with pumps and 
the barometrical tube, by Galileo and ‘Torricelli, that 
we came to the proof, not only that the atmofphere is 
endued with a preffure, but alfo what the meafure and 
quantity of that preffare is. Thus, it is found that the 
preffure of the atmofphere fuftains a column of quick. 
filver, in the tube of the barometer, of about 30 inches 
in height; it therefore follows, that the whole preflure 
of the atmofphere is equal.to the weight of a colunn of 
quickfilver, of an equal bafe, and 30 inches height: 
and becaufe a cubical inch of quickfilver is found to 
weigh ogarly half a pound averdupois, therefore the 
whole 30‘incheis or the weight of the atmo/phere on 
every fquare inch of furface, is equal to 15 pounds, 
Again, it has been found that the preffure of the atmo- 
fphere balances, in the cafe of pumps &c, a column of 
water of abowt 34: feet high; and, the cubical foot 
of water weighing juft 1000 ounces, or 622 pounds, 
34z Umes G25, or 2158ib, will be the weight of the 
column of water, or of the atmofphere on a bafe of a 
fquare foot; and confequently the 144th part of this, 
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inch; the fame as before. Hence Mr. Cotes computed 
that the preffare of this ambient fluid on the whole 
farface of the earth, is equivalent to that of a globe of 
lead of 60 miles in diameter. And hence allo it ap- 
pears, that the preffure upon the human body tmutft be 
very confiderable ; for as every fquare inch of furface 
fultains a preffare of 15 pounds, every fquare foot will 
fuftain 144 times as much, or 2160 pound; then, if 
the whole furface of a man’s body be fuppofed to con- 
tain 15 fquare feet, which is pretty near the truth, he 
moft fuflain 15 times 21460, or 32400 pounds, that ts 
nearly 143 tons weight, for his ordinary load. By 
this enormous preffure we hould undoubtedly be crufhed 
ina moment, if all parts of our bodies were not filled 
either with air or fome other elaftic fluid, the fpring of 
which is ju fafficient to counterbalance the weight of 
the atmofphere. But whatever this fuid may be, it is 
certain that it is jut able to counteract the weight of the 
atmofphere, and no more: for, if any confiderable 
preflure be fuperadded to that of the air, as by going 
into deep water, or the like, it is always feverely felt 
let it be ever fo equable, at leaft when the change is made 
faddenly ; and if, on the other hand, the preffure of 
the atmofphere be taken off from any part of the human 
body, as the hand for inftance, when put over an open 
receiver, from whence the air is afterwards extracted, 
the weight of the external atmofphere then prevails, 
ae imagine the hand itrongly facked down into the 
lafs. 
. The diference in the weight of the air which our 
bodies fu‘tain at one time more than another, is alfo 
very confiderable, from the natural changes in the fate 
of the atmofphere. ‘This change takes place chiefly in 
countries at fome diftance from the equator; and as 
the barometer varies at times from 28 to 31 inches, or 
about one tenth of the whole quantity, it follows that 
this difference amounts to about a ton and a half on the 
whole body of aman, which he therefore fultains at one 
time more than at another. On the increafe of this 
natural weight, the weather is commonly fine, and we 
feel ourfelves what we call braced and more alert and 
active; but, on the contrary, when the weight of the 
air diminifhes, the weather is bad, and people feel a 
liftlefancfs and ina@ivity about them, And hence it 
is no wonder that perfons fuffer very much in their 
health, from fuch changes in the atmofphere, efpecially 
when they take place very fuddenly, for it is to this 
circumftance chiefly that a fenfation of ‘uneafinefs and 
indifpofition is to be attributed; thus, when the vari-~ 
ations of the barometer and atmofphere are fudden and 
great, we fecl the alteration and effet on our bodies 
and fpirits very much; but when the change takes place 
by very flow degrees, and by a long continuance, we 
are fearccly fenfible of it, owing, undoubtedly, to the 
power with which the body is naturally endowed, of 
accommodating itfelf to this change in the ftate of the 
air, as well as to the change of many other circumftan- 
ces of life, the body requiring a certain interval of time 
to effect the alteration in its itate, proper to that of the 
air &c. Thus, in going up to the tops of mountains, 
where the preflare of the atmofphere is diminifhed two 
or three times more than on the plain below, little or 
no inconvenience is felt from the rarity of the air, if 
ic is not mixed with other noxious vapours &c; becaufe 
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that, in the afcent the body has had fufficient time to 
accommodate itfelf gradually to the flow variation in 
the fate of the atmofphere: but, whena perfon afcends 
with a baifoon, very rapidly toa great height in the 
atmofphere, he feels a difficulty in breathing and an 
uneafinefs of body; and the fame is foon felt by an 
animal when inclofed ina receiver, and the air fuddenly 
drawn or pamped out of it. So alfo, on the condenfa- 
tion of the air, we feel little or no alteration in our- 
felves, except when the change happens fuddenly, as 
in very rapid changes in the weather, and in defcending 
to preat depths ina diving bell, &c. Ihave often heard 
the late unfortunate Mr. Spalding fpeak of his experi- 
ence on this point: he always found it abfolutely neceffla- 
ry to defcend with the bell very flowly, and that only 
from onc depth to another, refting a while at each 
depth before he began to defcend farther: he firft de- 
fcended flowly for about 5 or 6 fathom, and then ftop- 
ped awhile; he felt an uneafinefs in his head and ears, 
which increafed more and more as he defcended, till 
he was obliged to ftop at the depth above mentioned, 
where the denfity of the air was nearly doubled ; having 
remained there a while, he felt his ears give a fudden 
crack, and after that he was foon relieved from any 
uneafinefs in that part, and it feemed as if the denfity 
of the air was not altered. He then defcended other § 
fathoms or 30 feet more, with the fame precaution and 
the fame fenfations as before, being again relieved in 
the fame manner, after remaining awhile ftationary at 
the next ftage of his defcent, where the denfity of the 
air was tripled. And thus he continued proceeding to 
a great depth, always with the fame circumitances, re- 
peated at every 5 or 6 fathoms, and adding the preflure 
of a more atmofphere at every period. of the pro- 
grefs. : 

It is not eafy to affign the true reafon for the varia- 
tions that happen in the gravity of the atmofphere in 
the fame place. One caufe of it however, either imme- 
diate or otherwife, it feems, is the heat of the fun; for 
where this uniform, the changes are {mall and regu- 
lar; thus between the tropicg, it feems the change de- 
pends on the heat of the fun, as the barometer con- 
ftantly finks about half an inch every day, and rifts 
again to its former ftation in the nighttime. But in the 
temperate zones the barometer ranges from 28 to near 
31 inches, fhewing, by its various altitudes, the changes 
that are about to take place in the weather. If we 
could know, therefore; the caufes by which the weather 
is influenced; we fhould alfo know thofe by which the 
gravity of the atmofphere is affected. Thefe may per- 
haps be reduced to immediate ones, viz, an eméffion of 
latent heat from the vapour contained in the atmofphere,. 
or of cleric Auid from the fame, or from the earth; as 
it is obferved that they both produce the fame effect with 
the folar heat in the tropical climates, viz, to rarefy the 
air, by mixing with it, or fetting loofe a lighter fluid, 
which did not before ad in fuch large proportion in any 
particular place. 

With regard to the alteration of heat and cold in the 
atmofphere, many reafons and hypothefes have been 
given, and many experiments made; as may be feen 
by coafulting the authors upon this fubje&t, viz, M. 
Bouguer’s obfervations in Pers, Lambert, De Lac, 
Sauffure’s journeys on the Alps, Sex’s and Darwin’s 
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experiments in vol. 78 Philof. Tranf. This lait gen- 
tleman hence infers, ‘* There is good reafon to conclude 
that in all circamftances where air is- mechanically ex- 
panded, it becomes capable of attracting the fluid 
matter of heat from other bodies in contaét with it. 
Now, as the vaft region of air which furrounds our globe 
is perpetually moving along its furface, climbing up the 
fides of mountains, and defcending into the valleys; as 
it paffes along it muft be perpetually varying the degree 
of heat according to the elevation of the country it 
traverfes: for, in rifing to the fummits of mountains, 
it becomes expanded, having fo much of the preffure 
of the faperincumbent atmofphere taken away; and 
when thus expanded, ir attra€ts or abforbs heat from the 
mountains in contiguity with it; and, when it defcends 
into the valleys, and is compreffed into ef compafs, it 
again gives out the heat it has acquired to the bodies it 
comes in contact with. The fame thing muft happen 
to the higher regions of the atmofphere, which are re- 
gions of perpetual froft, as has lately been difcovered by 
the aerial navigators. When large diitriéts of air, from 
the lower parts. of the atmofphere, are raifed two or 
three miles high, they become fo much expanded by 
the great diminution of the preffure over them, and 
thence become fo cold, that hail or fnow is produced 
by the precipitation of the vapour: and as there is, 
in thefe high regions of the atmofphere, nothing cife 
for the expanded air to acquire heat from after it has 
parted with its vapour, the fame degree of cold con- 
tinues till the air, on defcending to the earth, acquires 
its former ftate of condenfation and of warmth, The 
Andes, almoft under the line, reits its bafe on burning 
fands: about its middle height is a moft pleafant and 
temperate climate covering an extenfive plain, on which 
is built the city of Quito» while its forehead is encir- 
cled with eternal fnow, perhaps coeval with the moun- 
tain. Yet, according to the accounts of Don Ulloa, 
thefe three diicordant climates feldom encroach much 
on each other’s territories. The hot winds below, if 
they afcend, become cooled by their expanfion; and 
hence they cannot affe& the fnow upon the fummit ; 
and the cold winds that fweep the fummit, become con- 
denfed as tney defcend, and of temperate warmth before 
they reach the fertile plains of Quito,”’ 

Height and Denfity of the AtmospHers. Various 
attempts have been made to a(certain the height to 
which the atmofphere is extended all round the earth. 
Thefe commenced foon after it was difcovered by 
means of the Torricellian tube, that air is endued with 
weight and preflure. And had not the air an elattic 
power,but were it every where of the fame denfity, from 
the furface of the earth to the extreme limit of the at- 
mofphere, like water, which is equally denfe atall depths, 
it would be a very eafy matter to determine its height 
from its denfity and the column of mercury which it 
would counterbalance in the barometer tube: for, it 
having been obferved that the weight of the atmofphere 
is equivalent to a column of 30 inches or 2} feet of 
quickfilver, and the denfity of the former to that of the 
latter, as 1 to 13040; therefore the height of the uni- 
form atmofphere would be 11040 times 24 feet, that is 
27600 feet, or litle more than 5 miles and a quarter. 
But the air, by its elaitic quality, expands and con- 
ads; and is being found by repeated experiments in 
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moft nations of Furope, that the fpaces it occupies, 
when compreffed by different weights, are reciprocally 
proportional to thofe weights themfelves; or, that the 
more the air is prefled, fo much the lefs fpace it takes 
up; it follows that the air in the upper regions of the 
atmofphere muft grow continually more and more rare, 
as it afcends higher; and indeed that, according to that 
law, it muft neceffarily be extended to an indefinite 
height. Now, if we fuppofe the height of the whole 
divided into innumerable equal parts, the quantity of 
each part will be as its denfity ; and the weight of the 
whole incumbent atmofphere being alfo as its denfity ; 
it follows, that the weight of the incumbent air, is every 
where as the quantity contained in the fubjacent part; 
which caufes a difference between the weights of each 
two contiguous parts of air. But, by a theorem in 
arithmetic, when a magnitude js continually diminifhed 
by the like part of itfelf, and the remainders the fame, 
thefe will be a feries of continued quantities decreafing 
in geometrical progreffion: therefore if, according to 
the feppofition, the altitude of the air, by the addition 
of new parts into which it is divided, do continually 
increafe in arithmetical progreffion, its denfity will be 
diminithed, or, which is the fame thing, its gravity 
decreated, in continued geometrical proportion. And 
hence, again, it appears that, according to the hypo- 
thefis of the denfity being always proportional to the 
compreffing force, the height of the atmof{phere muit 
neceflarily be extended indefinitely. And, farther, as 
an arithmetical feries adapted to a geometrical one, is 
analogous to the logariuims of the {aid geometrical one; 
it follows therefore that the aititudes are proportional 
to the logarithms of the denfitics, or weights of air; 
and that any height taken from the earth’s furface, 
which is the difference of two altitudes to the top of 
the atmofphere, is proportional to the difference of the 
logarithm: of the two denfities there, or tw the loya- 
rithm of the ratio of thofe denfities, or their currefpond- 
ing comprefling forces, as meafured by the two heights 
ofthe barometerthere. ‘This law was firlt obferved and. 
demonitrated by Dr. Halley, from the nature of the 
hyperbola; and afterwards by Dr. Gregory, by means 
ofthe logarithmic curve. See Philof, Trant, Ne. 187, or 
Abridg, vol. z, p. 13, and Greg. Aftron. lib. v, prop. 3. 
It is now ealy, from the foregoing property, and 
two or three experiments, or barometrical obferva~ 
tions, made at known altitudes, to deduce a general rule 
to determine the abfolute height anfwering to any 
denfity, or the denfity anfwering to any given al- 
titude above the carth. And accordingly, calcala- 
tions were made upon this plan by many philofophers, 
particularly by the French; but it having been found 
that the baromctricaf obfervations did not correfpond 
with the altitndes as meafured ina geometrical manner,” 
it was fufpeéted that the upper parts of the atmofphe- 
rical regions were not fubject to the fame laws with the 
lower ones, in regard to the denfity and elafticity. And 
indeed, when it is confidered that the atmofphere is a 
heterogeneous mafs of particles of all forts~of matter, 
fome elaftic, and others not, it is not improbable but 
this may be the cale, at leaft in the regions very high 
in the atmofphere, which.it is likely may more copi- 
oufly abound with the cleétrical fuid. Be this however 
as it may, it has lately been difcovered: that the law 
above 
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above given, holds very well for all fuch altitudes as are 
within our reach, or as far as to the tops of the higheit 
mountains on the earth, when a corre&tion is made for 
the difference of the heat or temperature of the air ouly, 
as was fully evinced by M. de Luc, in a long feries of 
obfervations, in which he determined the altitudes of 
hills both by the barometer, and by geometrical mea- 
furement, from which he deduced a prattical rule to 
allow for the difference of temperature. See his Trea- 
tife on the Modifications of the Atmofphere. Similar 
rules have alfo been deduced from accurate experiments, 
by Sir George Shuckburgh and General Roy, both con- 
curring to thew, that fuch a rule for the altitudes and 
denfities, holds true for all heights that are acceffible 
to us, when the elafticity of the air is corre€ted on 
account of its denfity: and the refult of their experi- 
ments fhewed, that the difference of the logarithms of 
the heights of the mercury in the barometer, at two 
ftations, when multiplied by roooo, is equal to the 
altitude in Englith fathoms, of the one place above the 
other ; that is, when the temperature of the air is about 
41 or 32 degrees of Fahrenheit’s thermometer ; and a 
certain quantity more or lefs, according as the a@ual 
temperature is different from that degree. 

But it may here be thewn, that the fame rule may be 
deduced independent of fuch a train of experiments a5 
thofe above, merely by the denfity of the air at the 
furface of the earth alone. Thus, let D denote the 
denfity of the air at one place, and d the denfity at the 
other ; both meafured by the column of mercury in the 
barometrical tube: then the difference of altitude be- 
tween the two places, will be proportional to the log. 


of D — the log. of d, orto the log. of 4 But as this 


formula expreffes only the relation between different al- 
titudes, and not the abfolute quantity of them, aflume 
fome indeterminate, but conftant quantity 4, which 


multiplying the expreftion tog. 5 may be equal to 


the real difference of altitude a, thatis,@ = 4 x log. 


D 
of 7 Then, to determine the value of the general 


quantity 2, let us take a cafe in which we know the 
altitude a which correfponds to a known denfity ds as 
for inttance, taking a = 1 foot, or I inch, or fome 
fuch fmall altitude: then becaufe the denfity D may be 
meafured by the preGure of the whole atmofphere, or 
the uniform column of 27600 feet, when the tempera- 
ture is 55°; therefore 27600 feet will denote the den- 
fity D at the lower place, and 27599 the lefs denfity 
dat 1 foot above it; confequently 1 = 4 x log. of 


27800, which, by the nature of logarithms, is nearly 
27599 





mAX 143429448 r -—— nearly 5 and hence we 
27600 63552 


find 6 = 63551 feet; which gives us this formula for 
. F : D, 
any altitude 2 in general, viz, a == 63551 x log of 7 


or a = 63551 X log. oft fect, or 10592 X log. of 
im 


a fathoms; where M denotes the column of mercury 
we 
5 
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in the tube at the lower place, and m that at the upper. 
This formula is adapted to the mean temperature of the 
air 55°: but it has been found, by the experiments of 
Sir Geo. Shuckburgh and General Roy, that for every 
degree of the thermometer, different from 55°, the al- 
titude @ will vary by its 435th part; hence, if we 
would change the fator 4 from 10592 to 10000, be- 
caule the difference 592 is the 18th part of the whole 
fadtor 10592, and becaufe 18 is the 24th part of 4395 
therefore the change of temperature, anfwering to the 
change of the faftor 4, is 24°, which reduces the 55° 


M : 
to 31°. So that, 2 == 10900 x fog. of — fathoms, is 
3 g = 


the eafieft expreffion for the altitude, and anfwers to 
the temperature of 31°, or very nearly the freezing 
point : and for every degree above that, the refult maft 
be increafed by fo many times its 435th part, and dimi- 
nifhed when below it. 

From this theorem it follows, that, at the height of 
3% miles, the denfity of the atmofphete is nearly 2 times 
rarer than it is at the furface of the earth; at the 
height of 7 miles, 4 times rarer 5 and fo on, according 
to the following table : 


Height in miles. | Number of times rarer. 


3h 2 

? 4 
14 16 
at 64. 
28 256 
35 2 1024 
4z 4096 
49 16384 
56 65536 
63 262144 
70 1048576 


And, by purfuing the calculations in this table, it might 
be eafily fhewn, that a cubic inch of the air we 
breathe would be fo much rarefied at the height of 
500 miles, that it would fill a {phere equal in diameter 
to the orbit of Saturn. 

Hence we-may perceive how very foon the air be- 
comes fo extremely rare and light, as to be utterly 
imperceptible to all experience ; and that hence, if all 
the planets have fuch atmofpheres as our earth, they 
will, at the diftances of the planets from one another, 
be fo extremely attenuated, a5 to give no fenfible re- 
fiftance to the planets in their motion round the fun, 
for many, perhaps hundreds or thoufands of ages ta 
come. Even at the height of about so miles, it is fo 
rare as to have no fenfible effect on the rays of light: 
for it was found by Kepler, and De la Hire after him, 
who computed the height of the fenfible atmofphere 
from the duration of twilight, and from the magnitude 
of the terreftrial fhadow in lunar eclipfes, that the ef- 
fect of the atmofphere to refed and intercept the light 
of the fun, is only fenfible to the altitude of between 
4@and 50 miles: and at that altitade we may collect, 
from what has been already faid, that the air is above 
19000 times rarer than at the furface of the earth. 
It is well known that the twilight begins and ends 
when the centre of the fan is about 13 degrees below 
the horizon, or only 17° 27’, by fubtracting 33° for 

= refraction. 
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vefration, which raifes the fun fo mach higher than 
he Would be. And.a ray coming from the fan in that 
pofition, and entering the earth’s “atmofphere, is re- 
fragted and bent into a curve line in pafling through it 
tothe eye. M. de la Hire took great pains to de- 
moniftrate, that, fuppofing the denfity of the atmo- 
{phere proportional to its weight, this curve is a 
eycloid : he alfo fays, that if the ray bea tangent to 
the atmofphere, the diameter of its generating circle 
fill be the’ height of the atmofphere; and that this 
liameter increafes; till at lait, when the rays are per- 
pendicular, it becomes. infinite, or the circle degene- 
rates into aright line. This reafoning fuppofes that 
the refraéting furface of the atmofphere is a plane ; 
-but'fince it is in reality a*curve, he obferves that thefe 
cycloids become ‘in-fatt epicycloids. But Herman de- 
teGted the error of M. de Ja Hire, and fiewed that 
this curve is infinitely extended, and has an afymptote, 
And it is obfervéd by Dr. Brook Taylor, in his Me- 
thodus.Increm. pa. 168, &c. that this carve is one of 
the-moft intricate and perplexed that can well: be pro- 
‘pofed. - ‘Fire time: ingenious author computes, that 
the refractive’ power of the air is to’ the force ‘of 
Sravity at the furface of the earth, as 320 millions 
won * . fei 

Confidering the extreme rarity of the atmofphere at 
only 40 or 50 miles in height, it feems to be furpriz- 
ing that fome meteors fhould be enflamed at fach 
great heights as they havé. been obferved at. A very 
remarkable one of this kind was obferved by Dr. Hal- 
ley in the month of “Match 1719, the altitude of 
which he computed at between 69 and 733 Englith 
miles; its diameter 2860 yards, or more than a mile 
and a half; and its velocity about 350 miles ina minute. 
‘Others, apparently of the fame kind, but whofe alti- 
tude and velocity were ftill greater, have been obferved ; 
particularly that very remarkable one, of Auguft 18th 
1783, whofe diftance from the earth could rit be lefs 
than go miles, its diameter at leaft as large as the 
former, while its velocity was certainly not lef than 
1000 miles ina minute. Now, from analogy of rea- 
foning, it feems very probable, that the meteoxs which 
appear at fuch great heights in the air, are not effen- 
tially different from thofe which are feen on or near 
the furface of the earth, The difficulty with regard 
to the former is, that at the great heights above-men- 
tioned, the atmofphere ought not to haye any denfity 
fafficient ta fupport flame, or to propagate found; and 
yet fuch meteors are commonly fuceeeded by one ex- 
plofion er more, and it is faid are even fomeiimes ac- 
companied with a hiffing noife asthey pafs over bur 
heads. ‘The meteor of 1719 was nor ouly very bright, 
feeming for a fhort time to tura night imo day, but 
was atiended with an exploficn heard over ail the if 
land of Britain, caufing a violent concefion in the 

‘ atmofphere, and feeming to fhake the earth itfelf: 
And yet, in the regions in which this meteor moved, 
the air oughtto have been 300 thoufand times rarer 
than the air we breathe, or 1000 times rarer than 
the vacuum commonly made by a good air-pump. 
Dr. Halley offers a clure, indecd, that the valk 
magnitude of fuch | night cempeniate for the 
thinnefs of the me in which they moved, Eur 
Voi. f 
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appearances of this kind-are, by fome others, attri- 
buted to ele@ricity; though the circumftances of them 
cannot be reconciled to that caufe; for the meteors 
move with all different degrees of velocity ; and though 
the electrical fire eafily pervades the vacuum of an air- 
Pump, yet it does not in’ that cafe appear in bright 
well-defined fparke, as.in the open air, but rather in 
long Rtreams refembling the aurora borealis; and from 
fome. late experiments it has been concluded that the 
ele@ric fluid Cannot even penetrate a perfe& va- 
caum. 

Of the Refra&tive and Refle&ive Powér of the Ar- 
MosPueRs. It has been obferved above, that the 
atmofphere has a refraGive power, by which the rays 
of light ate bent from the sight lined dire@ion, as in 
the cafe of the twilight; and many other experiments 
manifeit thé fame virtée, which is the. caule. of many 
phenomena.~ Alkazen, the Arabian, who lived about 
the year 1100, it feems was more-inquifitive into the 
nature of refraction than former writers. But neither 
Albazen, nor his follower Vitello, knew any thing of 
its jut quantity, which was hot known, to any toler- 
able degree: of exaétnefs, till Tycho Brahe, with 
great diligence, fettled it. But neither did Tycho 
nor Kepler difcover in what manner the rays of light 
were refradted by the atmofphere. Tycho thought 
the refra&ion was chiefly caufed by denfe vapours, 
very near the earth’s furface: while Kepler placed 
the caufe wholly at the top ef the atmofphere, which 
he thought was uniformly denfe; and thence he de- 
termined its altitude to be little more than that of the 
But the true conftitution of the 
denfity of the atmofphere, deduced afterwards from 
the Torriceliian experiment, afforded a jufter idea of 
thefe refractions, efpecially after it appeared, by a re- 
petition of Mr. Lowthorp’s experiment, that the re- 
fraGtive power of tha air is proportional to its denfity. 
By this variation in the denfiy and refractive power 
of the air, a ray of light, in pafling through the at- 
mofphere, is contmually refraéted at every peint, and 
thereby made to deferibe-a.curve, and nota Rraight 
line, as it would have done were there no atmofphere, 
or were its denfity uniform. 

The atmofphere, or air, has alfo a refleGive power; 
and this power is the means by which objeéts are en- 
lightened fo uniformly on all fides. The want of this 
power would occzfion a flrange alteration in the ap- 
pearance of things; the thadows of which would be 
fo very dark, and their files enlightened by the fun 
fo very bright, that probably we could fee no more of 
them than their bright halves; fo that for a view of 
the other halves, we muft curn them half round, or if 
immoveable, muit wait ill the fun could come round 
upon them, Such a pellucid unrefleétive atmofphere 
would indeed have been very coimmodious for allrono- 
mical obfervations on the courle of the fun and pla- 
nets among the fixed ftars, vifible by day as well as by 
night; but then fuch a fudden traufition from dark- 
nels to light, and fiom light to darknefs, immedi tely 
upsn the rifing and fetting of the fun, without any 
twilight, and even upon terning to or from the fun at 
noon day, would have been very inconvenient and of- 
fenfive to our eyes. Flowever, though the atmofphere 
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be greatly afitant in the iflumination of objects, yet 
it maft aifo be obferved that it flops 2 great deal o 
“ Hehto : By M. Bouguer’s experiments, it feems that 
the Hght of the moon is often 20c0 times weaker in 
the horizon, than at the altitude of 66 degrees; and 
that the proportion of her light at the altitudes of 66 
and 19 degrees, is about 3 to 23 cand the lights of 

" the fun mutt bear the fame proportion to cach ether at 

thofe heights; which Bougeer made choice of, as bee 
ing the meridian heights of the fun, at the fummer 
and winter folftices, in the latiude of Croific. ix 
France. Smith’s optics. Rem. 95. Wea, 
* For the Atmofphere of the fun, moen, and planets, 
fee the refpedtive articles. 

ATMOSPHERE of Solid or Confiftent Bodies, is a kind © 
Of {phere formed by the effluvia, or minute corpufcles, , 
emitted from them. Mr Boyle endeavgurs to shew, 
that.all bodies, even the hardeft and moft coherent, as _ 
gems, &c. have their a!mofpheres. . 

t ArMosPHERn, it Eledricity, denotes that medium 
tehich is conceived to be diffufed over the farface of 
electrified bodies, and to fome diltance around them, 

‘ and confitting of efMluvia iffuing from them ; by which, 

ther bodies immerged in it become’ endued with an- 
elericity contrary to that of the body to which the 
atmofphere belongs. This was firft noticed at a very 
early period in the hiftory of this fcience by Otto 
Guericke, and afterwards by the academicians del Ci- 
mento, who contrived to render the ele@tric atmofphere 
viGble, by means of fmoke attra@ed by a piece of 
amber, and gently rifing from it, bat vanifhing as the 
amber cooled, Dr, Franklin exhibited - this clec- 
tric atmofphere with greater advantage, by dropping ° 
yefin on hot iron plates held under electrified bodies, 
from which the {moke arofe and encompafied the bo? 
dies, giving them a very beautiful appearance. But the® 
etheory of eleétric atmofpheres wis not well explain-* 
ed and underfiood for a confiderable time; and the- 
jnveitigation led to many curious experiments and ob~ 
fervations., The experiments of Mr, Canton, and Dr. 
Franklin prepared the way for the conclafion that was: 
afterwards drawn from them by Meff. Wilcke and. 

.Epinus, though they retained the common opinion of 
zleGric atmofpheres, and endeavoured to explain thé 
‘phenomena by it. The conclufion was, that the eleci: 
tric fluid, when there is a redundancy of it in any. 
body, repels the eletric fluid in any other body, when- 
‘they are brought within the fphere of each other's in. . 

+ fluence, and drives it into the remote parts of the: 
ody, or quite out of it, if there be any outlet for 
that purpofe. Ha ont eae een ‘s 

By Atmofphere, M. Epinus fays, nd tnore is to be” 

‘underfiood than the fphere of aétion belonging to any 

“body, or the neighbouring air eleftrified by it. Sig. 
Beccaria agrees in the fame opinion, that ele&rified ho= 
dies have no other atmofphere than the eleétricity com- 

“ monicated to the neighbouring air, and which goes with © 
the air, and not with the eleétrified bodies. Mr. 
Canton alfo, having relinquifhed the opinion that elec» 

“trical atmofpheres were compofed of eMluvia from éx-: 
cited or elettrified-bodies, maintained that they only. _ 

=-zefult from an alteration in the ftate of the electric 
Auid contained in it, or belonging to the air furround~* 
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ing thefe boaies to a cestain diftance; for inftance, that Mov. 
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excited plats repels the tlettrié Mudd from fr, ‘and con 
fequently beyond that diltance makes it more denfe; 
whereas excited wax attracts the eleGtric fluid exiting 
in the air nearer to it. making it rarer than it was be- 
fore. ‘In the courfe of experiments that were per- 
formed ‘on this occafion, Meff. Wilcke and Epinns fuc- 
ceeded in charging a plate of air, by fefpending large 
boards of wood covered with tin, with the flat fides 
parallel to one another, and at fome inches afunder: for 
they found, upon eleétrifying one of the boards pof- 
tively, that the other was always necative; anda fhock 
was produced by forming a communication berween the 
upper and lower plates. Beccaria has largely coniidered 
the fubje& of ele€ric atmofpheres, in his Artificial 
Ele&tricity, p.179, &c, Eng“edit.” See alfo Dr, Priet- 
ley’s Hit, of Eledtricity, vol. ii, feet. 5. and Cavallo’s 
Eletricity, p. 241. ; 
ArmosPHEer£, Magnetic, &%ec. is underftood of the: 
fphere within which the virtue of the mapnet, &c, atts. 
ATOM, a particle of matter judivifible on account 
of its folidicy, hardnefs, and impenetrability ; which 
preclude all divifion, and leave no vacancy for the ads" 
mifiion of any foreign force to feparaie or difanite its 
parts. As atoms are the firlt matter, it is neceflary 
they thould be indiflolvable, that they may be incorrup- 
tible.. Newton adds, it is alfo required that they be 
}mmutable, that the world may continue in the fame 
ftate, and bodies be of the fame nature now as former- 


ly. 
ATOMICAL Puirosoruy, or the doétrine of 
atoms, a fyflem which accounted for the origin and for- 


vmation of things, from the hypothefis that atoms are 


endued with weight and motion. This philofophy was 
fir taught by Mofchus, fome time before the Trojan 
war: but it was moft cultivated by Epicurus; whence 
it is called the Epicurean philofophy. 
--ATTRACTION, or Arrractive Power, a go- 
neral term ufed to denote the caufe, power, or principle, 
by which all bodies mutually tend towards each other, 
and cohere, till feparated by fome other power. ‘The 
laws, phenomena, &c, of attraQion, form the chief fub- 
jeét of Newton’s. philofophy, being the principal agent 
of nature, in almoft all her wonderful operations. 

<The principle of -attra@ion, in the Newtonian fenfe™ 
of it, it feems was firft furmifed by Copernicus. « Ag 
for gravity, fays hes I confider it as nothing more than , 
acertain natural appetence (appetentia) that the Creator 
has impreffed upon all the parts of matter, in order to 
their uniting or cealefcing into a globular form, for 
their better prefervation; and it is probable that the 


«. fame power ifalfo inherent in the fun and moon, and 


planets, that thofe bodies may conftantly retain that 
round form in which we fee them.” De Reval. Ord, 
Caelef. lib. i, cap. 9." Kepler calls gravity a corporeal 
and mutual affection between fimilar bodies, in order 
to their*union. 4f. Now. iz Introd. And he prow 
neunced nitore pofitively that no bodies whatever were 
abfolutely light, but only -relatively fo; and confe. 
quently that all matter was fubje€ted to the power and 
Jaw of gravitation. Ibid. wt 

¥ The firit in this country who adofted the notion of 
attra€tion, was Dr. Gilbert, in his book De Magnetes 
and the next was the celebrated Lord Bacon, in his 
Organ. lib, ii, aphor: 36, 45, 48 Sy/v. cent. i, 
co exp.” 
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“exp. 333 alfo in Ris trearife De Moru, pattitalarly dn- 
der the articles of the 9th and the 13th ferts of Motion. 
In France it was received by Fermat and Roberval; and 

“in Italy by Galileo and Borelli, But till Newton ap- 
peared, this principle was very imperfectly defined and 
applied. , ; 

‘ He mutt be obferved, that though this great author’ 

~makes nfe of the word attraction, in common with the 
fchool philofophers, yet he very ftudioufly diftinguithes 
between the ideas. The ancient attraction’ was con- 
ceived to be a kind of quality inherent in certain bodies 
themfelves, and arifing from their particular or f{pecific 
forms. But the Newtonian attraétion is a more inde- 
finite principle ; denoting not any particular kind or 
mode of action; nor the phyfical caufe of fuch a@ion; 
bot only a genera) tendency; a conatus accedendi, to 
whatever caufe, phyfical or metaphyfical, fuch effet be 
owing; whether to a power inherent in the bodies 
themfelves, or to the impulfe of an external agent. 

Accordingly, that author remarks, in his Philof.. Nat. 

“Prin. Math.” “that he ufes the words attraAion, im= 

pul, and propenfion to the centre, indifferently ; and 
cautions the reader not to imagine that by attraétien he 
expreffes the modus of the action, or its efficient caufe, 

‘as if there were any proper powers in the centres, which 
inreality are only mathematical points; or as if centres 
could attraét.” Lib. 1; pa. 5. “So, he “ confiders cen¢ 
tripetal powers as attractions, though, phyfically fpeak~. 
ing, it were perhaps more juit to call them impulfes. 
Ib. pa. 147. He adds, « that what he calls attraction: 
may poflibly be ef#ected by impulfe, though not a com- 
mon or corporeal impulfe, or after fome other manner 
anknown to us.” Optic. p. 322. ik 
" Attra@ion, if confidered asa quality arifing from thé 
{pecific forms of bodies, ought, together with fympa- 
thy, antipathy, and the whole tribe of occult qualities, 
to be exploded. But when thefe are fet afide, there 

_ will remain innumerable phenomena of nature, and par= 
ticularly the gravity or weight of bodies, or their tené 
dency to a centre, that argue a principle of ation feem= 
ingly diftin& from impulie; where, at leaft, there is nd 

‘fenfible impulfion concerned, Nay, what is more, this 


n@ion, in fome refpects, differs from all imputfion we’ 


“know of; impulfe being always found to act in propor- 
‘tion to the furfaces of bodtes ; whereas gravity aéts ac= 
cording to their folid content, and confequently it mutt 
‘arife from fome caufe that penctrates or pervades the 
_- whole fubftance of it. 
“known we mean in refpett of its caofe, for its phend~ 
mena and effeéts are moft obvious, with all its fpecies 
and modifications, is called attra@ion; being a gene- 
“gal name, under which may be ranged alt matnal ten- 
dencies, where no phyfical impulfe appears, and which 
-confequently cannot be accounted for upon any known 
Jaws of nature, ane 7 Biss 
And hence arife divers particular kinds of attraQtion ; 
“as Gravity, Magnetifm, Eleéricity, ce, which are fo 
many different principles, a@ing by different laws ; 
_aad only agreeing in this, that we do not perceive any 
pbyfical caufes of them: but that, as to oer fenfes, 
they may really arife from {ome power or efficacy in 
fuch bodies, by which they are enabled to a@ evenup- 
on diftant bodies; though our rea‘on abiclutely ditt 
,allows of any fuch ation. . : aa 


al ait 7 





This ‘unknown  princi;le, an-- 
* ats dilcoverer sas the former does for itsimprover, The 
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“Attradtion may be divided, with refpeét to the law 
obferves, into two kinds. ‘ : 
1. That which extends to a fenfible diftance. As 
“the attraction of gravity, which is found in all bodies ; 
and the attraGtions of magnetifm and eleétricity, fouad 
only in- particular bodies, The feveral laws.and. 
phenomias of each, fee under their refpettive arti- 
cles. : 
+ The attra@tion-of gravity, called alfo among mathe~ 
maticians the centripetal fore, is one of the preateft and’ 
moft univerfal principles of all nature. “We {ee and 
feel it operate’ on bodies near the earth, and find by. 
obfervation that the fame power (i.e. a‘power which 
acts in the fame manner, and by the fame rales, viz, 
always proportionally to the quantities of matter, and 
inverfely as the fquares of the diftances) does alfo ob- 
tain in the moon, and the ether planets, both primary 
and fecondary, as well as in the comets; and even’ 
that this is the very power by which they are all re- 
tained in their orbits, &c. And hence, as gravity 
is found in all the bodies which come under our ob- 
fervation, it is eafily inferred, by one of the eftablithed 
rules of philofophizing, that it obtains in all others. .. 
And fince it is found to be proportional to the quantity 
of matter in any body, it mutt exift in every particle of 
it: and hence it is proved that every particle in nature 
attracts every other particle. . : : 4 
From this attration arifes all the motion, and confe. 
quently all the mutation in the great world. By this 
heavy bodies defcend,and light ones are made to afcend ; 
by this projeétiles are dire&ed, vapours and exhalations 
rife, and rains, &c, fall: by this rivers glide, the ecean 
_fwells, the air preffes,.é&c... In thort, the motions and 
forces arifing from this principle, conftitute the fubje ° 
eof that extenfive branch of mathematics, called mechanios 
or fatics, with the parts or appendages of it, as hydroy 
ftatics, pneumatics, hydraulics, &c. ae 
-.@ That which does net extend to fenfible diftane 
ces. Such is found to obtain in the minute particles of 
which bodies are compofed, attracting each other at or 
extremely near the point of contact, with forces oftes 
much fuperior to that of gravity, but which at any di, 
tance decreafe much fafter than the power of gravity, 
-This powera Jate ingenious amhor calls the attraction 
of cobefion, as being that by which the atoms or ine 
fenfible particles of bodies are united into fenfiblé 
mafles, nat : 
+ “This kind of attra&tion owns Sir.]faac Newton fog 
Jaws of motion, percuflion, &c, in fenfible bodies, under. 
~varioss Circummances, as falling, projeéted, &c, afcer- 
‘tained by the later philofophers, do not reach thofe more 


“reclufe, inteftine motions in the component particles of 


-the fame bodies, on which depend the changes in the: 
“texture, colour, properties, &c, ef bodies. So thag. 
‘our philefopny, if ir were only founded on the principle 
-of gravitation, and even carsied as furas this would lead 
us, would fliil be very defi t. fg 
3 But befides the common laws of fenfible maffes, the: 
minute’ parts they are comsoted of sre foand fubje& to 
-fome. others, which have bee lately been noticed, and 
“are evew yet imperfectly known. Newton hinfelf to 
“whofe happy penetration we owe the hint, limits him-, 
felf with ettablifhing that there are fuch motions in the; 
° Zz mining 
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minima nature, and that they flow from certain powers 
or forces, not reducible to any of thofe in the great 
world. He fhews that, by virtue of thefe powers, “ the 
-finall particles a@ on one another even at a diftance 
and that many of the phenomena of nature refuic from 
. it. Senfidle bodies, we have already obferved, ac on 
one another divers ways ; and as we thus perceive the 
tenor and courfe of nature, it aprears highly probable 
_ that there may he cther powers of the like kind; nature 
being very uniform and confiftent with herfelf. Thofe 
ju mentioned, reach to fenfible diftances, and fo have 
been obferved by vulgareyes; but there may be others 
which reach to fuch fm:ll diftances as have hitherto ef- 
caped obfervation ; and it is probable eleftricity may 
seach to fuch diftinces, even withaut being excited by 
friction.” ‘ 

. The great author juft mentioned proceeds to confirm 
the reality of thefe fufpicions from a gréat number of 
phenomena and experiments, which plainly argue fuch 
powers and ations betu een the particles, for example 
of {alts and water, oil of vitriol and water, aquafortis and 
iron, fpitit of vitriol and {alrpetre. He alfo thews, 
that thefe ppwers, &c, are unequally ftrong between 
different bodies; ftronger, for intlance, between the 
particles of falt of tartar and thofe of aquafortis than 
thofe of filver, between aquafortis and lapis calaminaris 
than iron, betwecn iron and copper, and copper than 
filver or mercury, So fpirit of vitriol aéis on water, 
but more on iron or copper, &c. And the other ex- 

riments are innumerable which countenance the ex~ 
iftence of fuch principle of attraéion in the particles 

_ of matter, . : « : 

' Thefe ations, by virtue of which the particles of the 
bodies above-mentioned tend towards each other, the 
author calls by a general indefinite name, astraGion; a 
name equally applicable to all adtions by which bodies 
tend’ towards one another, whether by impulfe, or 
by any other more latent power: and from hence 
Tre accounts for an infinity of phenomena, other- 
wife inexplicable, to which tke principle of gravity is 
inadequate. . 

Thus, adds our author, ‘ will nature be found very 
conformable to herfelf, and very fimple; performing 
all the great motions of the heavenly:bodies by the at- 
tration of gravity, which intercedes thofe bodies, 
and almoit all the finall ones of their parts, by fome 
other attraive power diffufed through their particles. 
‘Without fach principles, there never woald have been 
any motion in the world; and without the continu- 


ance of it, motion would foon perih, there being. 
otherwife a great decreafe or diminution of it, which: * 


is only fupplied by thefe active principles.”” 
Te necd not be faid how unjuft it is in the generality 
pf foreign philofophcrs to declare againft a principle 


swhich furnifhes fo beautiful a view, for no other’: 


teafon but becaufe they cannot conceive how one body 
Should a& on another at a diflance. It is indeed true, 
xhat philofophy allows of no aétion but what is by im- 
- samediate conta& and impulfion; for how cana body 


exert any active power where it does not exift?. yet. 


-jwe fee effe&ts, without perceiving any fuch impul.e ; 
gand where effects are ebferved, there muft exilt caufes 
whether we fce them or not. But we may contem- 
«,,plate (uch effects, without entering into the confidera~ 
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tion of the caufes, as indeed it feems the bubnefs of a 
philofopher to do: for to exclude a number of pheno- 
mena which we do fee, would be to leave a great chafm 
in the hiftory of nature; and to argue about actions 
which we do not fee, would be to raife caltles in the 
air. It follows therefore, that the phenomena of at- 
tration are -maiter of phyfical confideration, and as 
fuch intitled to a fhare in the fyftem of phyfics; but 
that their caufes will only become fo when they be- 
come fenfible, that is when they appear to be the 
effedt of fome other higher caufes3 for a caufe is no 
otherwife feen than as itfelf is an effect, fo that the 
firkt caufe muft needs be always invifible; we are there- 
fore at liberty to fuppofe the caufes of attractions 
what we pleafe, without any injury to the effects, 
The illuftrious author himfelf feems to be a little inde- 
termined as to the cauless inclining fometimes to 
attribute gravity to the adlion of an immaterial caufe 
(Optics, pa. 343 &c), and fometimes to that of a mate- 
tial one, J. pa. 325. . 

In his philofophy, the refearch into caufes is the 
laft thing, and never comes under confideration till the 
laws and phenomena of the effect be fetiled 5 it being 
to thefe phenomena that the caufe is to be accomme-. 
dated. The caufe even of any, the groffelt and moft 
fenfible aftion, is not adequately known Tow im 

ulfe or percuffion itfelf produces its effects, that is, 
Ge motion is communicated from body to body, con- 
founds the deegeft philofophers ; yet is impulfe receiv. 
ed not only into philofophy, but into mathematics: 
“and accordingly the laws and phenomena of its effect 
make the chief part of common mechanics: Ea 
*, The other fpecies of attraction, therefore, in which 
no impulfe is obfervable, when their phenomena are 
Afaificiently afcertained, have the fame title to be pro- 
moted from phyfical.to mathematical confideration ; 
and this without any previous inquiry into their caufes, 

to which our conceptions may not be proportionate, 

.. Our great philotopher, then, far from adulterating 
Acience with any thing foreign or metaphyfical, as ma- 
cny have reproached tim with doing, has the glory of 
,having thrown every thing of this kind out of his 
Syitem, and of having epened a new fource of fub- 
imer mechanics, which, duly cultivated, might be of 
afar greater extent than all the mechanics yet known, 
“Hence it is alone that we muft expeét to learn the 
manner of the changes, produions, generations, cor- 
*raptions, &c, of natural things; with all that fcene 
“of wonders opened te us by the operations of che. 


Tmiltry, ~ ‘ fi 
: Some of our own countrymen have profecuted the 
difcovery with laudable zeal. Dr, Keil particularly has 
endeavoured to deduce fome of the laws of this new 
action, and applied. them in. refolving feveral of the 
more general phenomena of matter, ascohefion, flui- 
“dity, elafticity, foftnefs, fermentation, coagulation, 
_&e: and Dr. Freind, feconding his endeavours, has 
+made a farther application of the fame principles, 
at once to account for almoft all the phenomena that 
chemiftry prefents. So that fome philufophers are in- 
clined to think that the new mechanics fhould feem al- 
ready raifed to a compl@te fcience, and that nothing 
3<Mow can occur but what we have an immediate folution 
Of, from the principles of attraftive forces, 
a # : Bas 
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“But. this feems.a little too precipitate: @ principle 
fo fertile fhould have been further explained ; its par= 
ticular laws, limits, &c, more induitrioufly deteGed 
and laid down, before we had proceeded to the appli- 








cation, Attrafion in the grofs is fo complex a 
thing, that it may folve a thoufand different pheno-.. 
‘The notion is but one degree. mere- 


mena alike. 
fimple. and precife than. ation itfelf 5. and, till its 


properties are more fully afcertained, it were better. 


to apply it lefs, and ftudy it more. It may bé 


added, that fome. of Newion’s followers have been. 


charged with falling into that error which he indul- 
trioully avoided, viz, of -confidering attraQion as a 


‘eaufe or active property in bodies, not merely asa 


. phenomenon or effect, : 


For the laws, propertics, &e, oF the different forts 


‘of Attraction, fee their particular articles ConzstoNn, 


Gravity, Macnertism, &c. Sate cor 
“AtTRAacTION, Centreof, See Centre of Attraction. 
Arrraction of Mourtains, See Mountains. &: 
Arrririon, the itriking or rubbing of bodies 


‘againit one another, fo as to throw off {ome of their 
fuperficial particles: fach as the grinding and polifh- 


ing ‘of bodies. Or fimply the a& of ‘rubbing: as 


‘when amber and other eledtric bodies ‘are ‘rubbed, to 


make them attract, or emit their electric force... 


Avant-Foss, or Ditch of the Counterfcarp, “in. 


Fortification, is a wet ditch furrounding the counter- 
fcarp, on the outer fide, next to the country, at the 
foot of the glacis. ‘It would not. be proper to have 
fach a ditch if it could be laid dry, as it would then 
ferve as a lodgment for the enemy. : 

Averross, or Anen-Roes, a very fabtile Ara- 


“dian philofopher, who flourifhed about the end of the 


of Spain. 


‘fettled deputies, he returned to his duty in Spain. 


: tity, 


11th centary, when the Moors had poffeffion of part 
He was the for of the high /prieft and 
chief judge of Corduba or Cordova in Spain: but he 
was educated in the nniverfity of Morocco, where he 
was profeffor, and where he died in 1206, having there 
ftudied natural philofophy, medicine, mathematics, law, 
and divinity. After the death of his father, he enjoyed 
his potts in Spain, to which was afterward added that 
of jadge of Morocco and Mauritania, where having 


Notwithttanding he was very rich, and had a very 

reat income, his liberality to men of letters in necef- 
f whether they. were his friends or his enemies, 
kept him always in debt. -He was afterwards {tripped 
of all his pofts, and thrown into prifon, for herefy, by 
the inftigations of bad men, his enemies ; but the op- 
preflions of the judge who fucceeded him, caufed hi 





to be reftored to his former employments; = = 28 °8 - 


He was exceflively fat, though he eat but once a 


; day, and {pent moft part of the night in the ftudy of 


philofophy, when he was fatigued, amafing himfelf 
with reading poetry or hiftory. He was never feen to 
play at any game, or to partake in any diverfion. He 


was extremely fond of Ariftotle’s works, and wrote ~ 


~ commentaries upon them; whence he was ftyled the Com- 


mentator, by way of eminence. He wrote many other 
pieces ; among them a work on the Whole Art of Phy- 
fic ; an Epitome of Ptolomy’s Almageft, which Vof- 





“ French king’s library. 


“only. 
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’ Aftrologyy which was tranflated into Hébrew by R:- 
Jacob Ben Samfon, and faid to be extant in the 
He wrote alfo fevefal poems, 
“and many amorous verfes, but thefe Jaft he threw ints 
the fre when he grew old. His other poems are loft, 
sexcept a {mall piece, in which he fays, ‘that when he 
‘was young, he atted againit his reafon ;. but that when 


~-he was in years, he followed its didtates ;”” upon which 


che utters this with, ‘* Would to God J had been born 
cold, and that in my youth [ had been ina ftare of 
-perfe@ion !” As to religion, his opinions were, that 
iCariftianity is abfard; Judaifm, the religion of chili 
dren; Mahométanilm, the religion of fwine. ules S 


“y.wWVICENA, Avicenne, or Avicenes, has been 


‘accounted the prince of Arabian philofophers and phy 
ficians. He was born at Affena, near Bokhara, in 9785 
cand died at Hamadan in 1036, being 58 years of ape. 

Vhe firffyears of Avicena were employed on the 
wftudy of the Belles Lettres, and the Koran, and at ten 


~*-years of age he was perfect mafter of the hidden fenfeg 


jof that book. Then applying to the ftudy of logic, phis 


_ lofophy ‘and mathematics, he quickly made a rapid pros 


«grels. After ftudying under a mailer the firt principles 
tof logic, and the firft 5 or 6 propofitions of Euclid’s 
elements, he became difgutted with the flow manner of - 
xthe fchools, applied himfelf alone, and. foon accom’ 
+plithed all the reit by the help of the commentators 


Poffeffed with an extreme avidity to be acquainted 
swith all the {ciences, he ftudied medicine allo.’ ‘Per- 
efuaded that this art confifts as much in practice as in- 
‘theory, he fought all opportunities of feeing the fick; 
_and afterwards confeffed that he had learned more from 
~fuch experience than from all the books he had read, 
«Being now in his 16th year, and already celebrated for 
abeing the light of his age, he determined to refume his" 
ftudies of philofophy, which medicine, &c, had made him 
‘for fome time negle&t: and he fpenc a yéarand ahalfin 
sthis painful labour, without ever fleeping all this times 
.whole night together, At the age of 21, he conceived 
the.bold defign of incorporating, in one work, all the 
‘objetts of human knowledge; and he carried it inte 
execution in an Encyclopedia of 20 volumes, to which 
she gave the title of the Usility of Usiiities. : 
* Many wonderful ftories are related of itis fill in mes 
edicine, and the cures which he performed. Several 


-<princes\ had been taken dangeroutly ill, and Avicenes 


.was the only one that could know their ailments, and’ 
-cure them. _ His reputation increafed daily, and a!! the 
princes of the eat defired te retain him in their families, 
cand in fa&t he pafled through feveral of them. But the 
“rregularities of his condu& fometimes loft him their fas 
your, and threw him into great diftrefles,: His exceffes 
in pleafures, and his infirmities, made a poet fav, wha 
‘wrote his epitaph, that the profound fludy of philofophy 
shad not taught him good morals, nor that. of medicine 
ithe art of preferving his own health. ..- Pe 
‘After his death however, he enjoyed fo great a re. |: 
‘putation, that till the s2th century he was preferred” 





-«for the ftudy of philofophy and medicine to ali his pre~ 
_deceffors. Even in Kurope his works were the only 


writings in vogue in the {choois. ‘They were very nus 


fius dates about the year 1149; alfo a “T'reatife of - “snerous, and various, the titles of which are as follow x, 
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“1, OF the Utility and Advantage of the Sciences, in 

“29 beoks.--2. OF Innocence and Criminality, 2 books. 
—~3. Of Health and Remedies, 18 books.—4. On. the 
Means of preferving Health, 3 books.—5. Canons of 

’Phyfic, 14 books.—6. On Aftronomical Obfervations, 
1 book.—7. On Mathematical Sciences—8. Of The- 
orems, or Mathematical and Theological Demonftra- 
tions, 1 book.—g. On the Arabic Language, and its 

. Properties, 10 books.—-10, On the Laft Judgment. 
41, On the Origin of the Soul, and the RefurreGtion 

- of Bodies—-rz. On the end we thould propofe to our- 
fetves in Harangues and Philofophical Argumentations. 
13. Demonftration of the Collateral Lines in the 
Sphere.—-14, Abridgment of Enuclid.—15. On Finity 
and Infinity.—16. On Phyfics and Metaphyfics.— 

- 17, On Animals and Vegetables, &c.—18, Encyclo- 
pedie, 20 volumes, . oo 


AUGUST, the 8th month of the yeat, containing. 


31 days, In the antient Roman calendar this was called 
Jfextilis, as being the 6th month from March, with which 
their year began; but changed to its prefent name by 
the emperor Auguftus, calling it after his own name on 
aecount of his having obtained many victories and ho- 
nours in that month. Be wate Pale, os 
AVOIRDUPOIS Weight, a weight ufed in En- 
gland for weighing all the larger and coarfer forts of 
goods; as groceries, cheefe, butter, flefh, wool,. fale, 
hops, &c, and all metals except gold and filyer.. Avoir-. 
dupois weight is thus divided, viz, > > yh 


1 ounce, marked oz. 
rpound, - - J. |. 
vhundred weight, cat, 
1 ton et ten, 


..16 dr. or drams make 

160% 0w a = 
siz Ibe e 
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, The Avoirdupois ounce is lefs than the Troy ounce, - 


in the proportion of 700 to 768, but the Avoirdupois 
pound greater than the Troy pound in the proportion 
af 700 to 5763 ; S 


, for 1b Avoird. is= 7000 grains Troy, ..% ~,, 
SS bat rb Troy is 5760_ grains Troy, 
«°, alfo 1 oz Avoird. j 437% grains Troy, 
and 10z-Troy is 480. grains Troy. 


“AURIGA, the Waggoner, a conftellation* in the 
northern hemifphere, confiting of 14 ftars in Ptolemy’s 
catalogue; but in ‘Tycho’s, 273 in Hevelius’s 40; and 

- in the Britannic catalogue, 66. 2 Et ‘ 

“This is ane of the 48 old aiterifms, mentioned by all 
the moft ancient aftronomers. It is reprefented by the 
figure of an old man, in pofture fomewhat like fitting, 
with a goat and her kids in his left hand, and a bridie 
in his right... s+ ">< wns te fm PTS 

‘The Greeks probably received this, and all the other 
conitellat ons, from the Keyptians'; but, wanting to 
appear the inventors cf them themfclves, and not under- 
flanding the meaning of the figures, they have cloathed 

‘them with {ome of their own-fubulons drefles, to favour 
the deczit. “They accordingly tell us thar this figure of 
a waggoner-was en honourable chara&ter; and Erich. 
thoni.s, the inventor of coaches. Vulcan, fay they, 
once fell in love with Mincrva, and when he could nct 
prevail with her toararry Lim, he would have obtained 
her'upon lefs honourable terms. ‘There was a flrogeie 





tan y, 


. Jupiter. 
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between them, and fonte-awaysor-dther Erichthonius as 


begotten, though it does not feem that Minerva had! 
- much fhare in it: fhe took care of the ‘offspring how. 


ever... Some have fuppofed it was only a ferpents but 
the graver authors fay, Erichthonius was a man’ with 
legs only like the body of a ferpent, and that to hide 
this monftrous part of his figure he invented coaches to 
carry him about. ‘They add, that Jupiter, doing him 
honour for an invention that was, in fome degree ,jimi- 
tating the fun’s carriage on the earth, raifed him up 
among the ftars. . rte, oe 

* But others, ill fatisfied with 2 ftory which fo badly 


agreed with the figure, have faid that it belonged to | 


Myrtillus, a fon of Mercury and Clytie, and charioteet 


to Aenomanus; they fay, that at his death, his father” 


Mercury, by permiffion of his fuperiors, raifed'him up 


into the fkies. All this however does not at all account . 


for the goat and her two kids in the hands of Auri- . 


ga. To fet this right, they afterward made Auriga to 
be Olenus, a fon of Vulcan, and the father of Aega and 


Helice, two of the Cretan nymphs that nurfed the infant : 


Jupiter. They talk of a goat that was ufed for giving 


mille to the young deity, and they fuppofe that this . 
creature, and its two young ones, were placed in the - 


hands of the father of the virgins, to commemorate the 
Greature they took into their fervice on that oceafion. 
Befides the Hoedi, this conftellation contains alfo 


another of thofe ftars which the ancients honoured with ' 
peculiar names, the goat Capra, and Amalthxa Capra: | 


this is the bright one near the fhoulder, and fuppofed 
to be: the mother of the Heedi, and 


the nurfe of ; 


Although the whole confteltatioti of Autiga is net ° 


mentioned among thofe from which the ancients formed 
prefages of the fucceeding weather, the two ftars in his 
arm were of the foremoft tn that rank.” [t is thefe they 


called by the name Heedi, and dreaded fo extremely on | 


account of the ftorms and tempefts that fucceeded theiy 
rifing, that it is faid they fhut up the navigation of the 
fea for their feafon. And the day of their influence be- 


ing over, we find, was celebrated as a feltival with fports * 


and games, under the name of Natalie Navigationis. 
Germanicus calls them unfiiendly ftars to mariners; and 
Virgil couples them with Aré@urus, mentioning their 


fetting and its rifing as things of the moft important |. 


prefage. Horace alfo puts them together as the moft 
formidable of all the ftars to thofe who follow the trafic 
of the fea. “And to the fame purpofe fpeak all the an- 
cient writers, thus making apart of the sentellation 


Auriga, if not the whole confellation. a thing to be . 
_ Obfcrved with the uimoft attention, and to be feared as 


much as the blazing Ar€turus. - 


AUKORA, the morning twilight 5 or that faint light | 


which appears in the morning when the fan is within 
48 degrecs of the horizon. cn ar gs 

AURORA BOREALIS, Nortrernw Licrr, or 
Streamers ; a kind of meteor appearing in the northera 
part of the heavens, moftly in the winter feafon, and in 
frofty weather... It is ufually of a recdith colaur, inclie 


ning to yellow, and fends ‘ont frequent cozufcations of ; 
pale light, which feem to rife from the horizon in a pye 


ramidalundelating form, and fhooting with great veloci- 


ty op to the zenith: Jt appears often in form of an arch, 
a ‘ which 
2 . 
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“which is partly bright, and partly dark, but generally 
tranfparent. And the matter af it is not fouad to have 
any effect on the rays of light, which pa’s freely through ~ 
it. Dr, Hamilton obferves, that he could plaialy difcern 
the fmalleft {peck in the Pieiades through the denfity of 
thoie clouds which formed part ofthe Aurora borealis ~. 
in 1763, without the leaf diminction of its {plendour, 
orincreafe of twinkling. Philof. Uflays, pa. 106, 
Sometimes it produces an Iris... Fence M. Godin 
Jodzes, that molt of the extraordinary meteors and phe-: 
nomena in the fkies, related as predigies by hiftorians, 
as bates, and tlie like, may probabiy enough be re- 
duced to the clafs of Aurore boreales: Hilt. Acad. 
R, Scienc. for 1762, pa. 405. - . = Sie? 
This kind of meteor never appears near the equator ; 
but, it feems, is frequent enough towards the fouth 
‘pole, hike as towards.th2 north, having heen obferved 
there by voyagers. See Philof. Tranf..N°461, and 
vol. 54; alfo Forfter’s account of bis voyage round the 
world with Captain Cook, where he defcribes their ap- 
pearance as obferved for feveral nights together, in 
tharp trofty weather, which was muca the fame as thofe 
obferved in the north, excepting that they were of a 
Highter colour, =. : Fs ea eee 
ft feems that meteors of this kind have appeared 
fometimes more frequently than others, They were fo 
rare in tngland, or eife fo little regarded, that none 
are recorded in our annals fince that remarkable one of 
Nov. 14, 1574, tll the farprifing Aurora borealis of 
March 6, 1716, which appeared tor three nights fuc- 
eeflively, but by far more ttrougly on the firft: except 
that five ficall ones were obferved in the year 1707 and 
1708. Hence it would feem, that the air, or earth, 
or both, are not at all times difpofed to produce this 
phenomenon, . Bod ab ggee eO% 
The extent of thefe appearances is alfo amazingly 
great. That in March 1716 was vifible from the weit 
of Ireland, to the confines of Ruflia and the eait of Po. 
land; extending at leait near 30 degrees of longitude, 
and from about the 5oth degree in latitude, over almoft 
all the north of Europe ; aud in all places, at the fame 
time, it exhibited the like wondrous appearances. Fa- 
ther Bofcovich has determined the height of an aurora 
borealis, which was obferved by the Marquis of Polini 
the 16th of December, 1737, and found it was $25 
miles high ; and Mr. Bergman, from a mean of 30 com. 
putations, makes the average height of the aurora « 
borealis amount to 70 Swediih, or 469 Englith miles. 
But Euler juppofes the height to be feveral thoufands of 
miles ; and Mairan alfo_afligns ta them a very clevated 
tegion... ~ ‘ oi e ms 
Many attempts have been made to determine the 
caufe of this phenomenon. Dr. Hailey imagines that the 
watery vapours, or cffluvia, exceedingly rarefied by fab- 
terrancous fire, and tinged with fulphureous ftreams, 
which many naturalilts have fuppofed to be the caufe of 
earthquakes, may alfo be the caufe of this appearance: ’ 
or that it is produced by a kind of fubtile matter, freely’ 
pervading the pores of the earth, and- which, entering~ 
into it nearer the fouthern pole, paffes oat again with 
-fome force into the ether, at the fame diftance from | 
the northern... ‘This fubtile inatter, by becoming more- 
“denfe, or having its velocity increafed, may perhaps be- 
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zapable of producing a fmall degree of light, after the 
‘manner of efluvia from elgétric bodies, which, by a 
rong and quick fristion, emit light in the dark ; to 
which fort of light this feems to have a great affinitys 
Philof. ‘Tranf. N° 347. See alfo Mr. Cotes’s deferip- 
tion of this phenomenon, and his method of explai ping. 
it, by Rreams emitted from the heterogeneous and fer-' 
menting vapours of the atmofphere, in Smith’s Optics, ° 
pa. 69 or Philof. Tranf. abr. vol. 6, part's. - = 
The celebrated M, de Mairan, in en exprefs treatife - 
on the Avrora Borealis, publified in 1731, fuppoles its. 
caufe to be the zodiacal light, which, according-to him, 
is no other than the {un’s atmofphere: this light hap- 
pening, on fome occafions, to meet the upper parts of 
our atmolphere about the limits where univerful gras. 
vity begins to act more forcibly towards the earth than’ 
towards the fun, falls into our air to a greater or lefs 
depth, as ‘its ipecific gravity is greater or lefs, compared. 
with the air through which it paffes. See I'ract, Phyf. 
et Hift. de 1’Anrore Boreale, Suite des Memoires de 
VAcad. R. des Scien. 1731. Alfo.Philof. Yranf. N° 
433, or Abridg. vol. 8, pa. 540. : © 
However M, Euler thinks the caufe of the aurora. 
borealis not owing tothe zodiacal light, as M. de Mairan’, 
fuppofes ; but to particles of our atmofphere, driven-, 


* beyond its limj:s by the impulfe of the folar light. And. 


on this fappofition he endeavours te account for the 
phenomena obferved concerning this jight. He fup- . 


pofes the zodiacal light, and the tails of comets, to bey 


“owing to a fimilar caufe. 


But ever fince the identity of lightning and the eléc- 


- tric matter has been determined, philofophers have been. 


naturally led .to feek for the explication of aerial me-: 
teors in the principles of electricity ; and there is now no’ 
doubt bat moit of them, and efpecially the aurora bo-’. 
realis, are electrical phenomena. _Befides the more ob- 


, vious and known appearances which conftitute a refem- 


biance between this meteor and the electric matter bys. 
which lightning is produced, it has been obferved thar 
the aurora occafions a very fenfible fluétuation in the ~ 
magnetic needle ; and that when it has extended lower, 
than ofual in the atmofphere, the flafhes have been at-" 
tended with various founds of rumbling and_hiffing, ; 
efpecially in Ruffia and the other more northern parts~ 
of Europe; as noticed by Sig. Beccaria and. M. 
Meffier.” Mr. Canton, foon after he had obtained elec-. 
tricity from the clouds, offered a conjecture, that the~ 
aurora is occafioned by the dathing of eletric fire pofi-’ 
tive towards negative clouds ata great diltance, through 
the upper part of the atmofphere, where the refilance: 
is leait: and he fuppoles that the aurora which happenss. 
at the time when the magnetic needle is ditturbed bys 
the heat-of the earth; is the electricity of the heated’. 
air above it: and this appears chiefly in the northern. 
regions, as the alteration in the heat of the air in thofe 
parts is the greateft. Nor is this hypothefis improbable #, 
when it.is confidered, that electricity is the caule of 
thunder and lightning 5 that it has beea extracted from 
the air at the time of the aurora borealis; that the in- 


~ habitantsof the northern countries obferve it remarkably 


ftvong when afudden thaw fucceeds very colu fevere weas 
ther; and that the tourmalinis known toemit and abjorly, 


‘the eleGric fluid only by the increafe or diminution of its 


heat . 
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heat. »-Pofitive and negative eledtricity in the air, with 
a proper quantity of moifture to ferve as a conductor, 
will account for this and other meteors, fometimes feen 
‘ma ferene tky. Mr. Canton has fince contrived to ex- 
hibit this meteor by means of the Torricellian vacuum, 
ina glaf tube about 3 feet long, and fealed hermetically. 
When one end of the tube is held in the hand, and the 
‘other applied to the conduétor, the whole tabe will be 
_ illuminated from end to end, and will continue luminous 
avithout interruption fora confiderable time after it has 
been removed from the conduétor. If, after this, it 
be. drawn through the hand either way, the light will 
be remarkably intenfe through the whole length of the 
‘tube. , And though a great part of the electricity be 
dilcharged by this operation, it will {till Nafh at inter- 


176) 


vals, when held’ only at one extremity, and kept quite” 


ftill; but if, at the fame time, it be grafped by the 
other hand in a different place, ftrong ffathes of light 
will dart from one end to the other ; and thefe will con- 
tinue 24 hours or more, without a frefh excitation. 
Sig. Beccaria conjectures that there is a conftant and 


regular circulation of the eleétric fluid. from north to | 


fouth; and he thinks that the aurora borealis may be, 


this eleGtric matter performing its circulation in fach a - 


dtate of the atmofphere as renders it vifible, or ap-~ 
_proaching nearer than ufual to the earth, Though 
probably this is not the mode of its operation, as the 
meteor is obferved in the fouthern hemifphere, with 


the fame appearances as in the northern.’ “Dr. Frank- 


lin fuppofes, that the eletric fire difcharged into the 


polar regions, from many leagues of vaporifed air raif-. 


ed from the ocean between the tropics, accounts for 
the aurora borealis ; and that it appears firft, where it 
is firft in motion, namely in the moft northern part; 
and the appearance proceeds fouthward, though the fire 
really moves northward. Franklin's Exper. and Obf. 
1769, pa. 4g. Philof, Tranf, vol. 48, pa. 358, 7843 J6. 
vol. $1, pa. 403; Lettere dell’ Ellettricifmo, pa. 269; 
or Prieftley’s Hilt. of Electricity. See alfo an ingenious 
{olution of this phenomenon, on the fame principles, 
by Dr. Hamilton, in his Philof, Effays. . Mr. Kirwan 
(in the Tranfadtions of the Royal [rifh Academy, 


ann, 1788) has fome ingenious remarks on the aurore - 


borealis &F auftralis. He gives his reafons for fuppo- 
fing the rarefaétion of the atmofphere in the polar 
regions to proceed from them, and thefe from a com- 
*baftion of inflammable air caufed by ele@tricity, He 
obferves, that after an aurora borealis the barometer 
commonly falls, and high .winds from the fouth gene- 
rally follow. a A 


: AURUM Fucminans, a preparation from gold, 


which being thrown into the fire, it explodes with a 
violent noife, like thunder. 
by diffolving gold in aqua regia, and precipitating the 


folution by oil of tartar per defiguium, or volatile ipirit 


The matter is produced . 


of fal ammoniac....-T le powder being wafhed in warm - 


water, and dried to the confiftence of a-pafte, is 
afterwards formed into fmall 
hempfeed. 


- dt is inflammable, not only by-fire, but alfo by a - 


geatle warmth ; and gives a report much Jouder than 
that of gunpowder. A fingle grain laid on the point 


grains of the fize of © 
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ofa knife, and lighted at a-candle, explodes with a 
greater report than a mufquet: and a fcruple of this 
powder, it is faid, aéts more loudly than half a-pound 
of gunpowder ; and yet it is faid that, by mixture, it 
does not encreafe the elaftic force _of fired gunpowder. 
Dr. Black attributes, the increaf of weight, and alfo the 
explofive property of this powder,. to adhering fixable 
air.—This is a very dangerous preparation, and fhould. 
‘be ufed with great caution. 

AUSTRAL, the fame with fouthern. Thus, Auf- 
tral figns, are the laft 6 figns of the zodiac; and are 
fo called becaufe they are on the fouth fide of the equi- 
nodtial, si pas . 5 

AUSTRALIS Corona; fee Corona Auftralis. 

Ausrratis Piscis, the Southern Fifo, is a con-~ 
ftellation of the fouthern hemifphere. .See Pisc1s 
Aufiralis. 

AUTOMATON, a feemingly felf-moving machines 
or one fo conftrugted, by means of weights, levers, pul- 
lies, fprings, &c, as to move for a confiderable time, as 

-if it were endued with animal life. And according to 
this defcription, clocks, watches, and all machines of 
that kind, are automata, ; 

It is faid, that Archytas of Tarentum, 400 years 
before Chrift, made a wooden pigeon that could fly ;. 
that Archimedes alfo made {fuch-like automatons; 
that Regiomontanus made a wooden eagle that flew 
forth from the city, met the emperor, faluted him, . 
and returned; alfo that he made an iron fly, which | 
flew out of his hand at a feaft, and returned again after . 
flying about the room; that Dr. Hook made the model 
of a flying chariot, capable of fapporting itfelf in the 
air. Many other furprifing automatons we have been 
eye-witnefles of, in the prefent age: thus, we have feen 
figures that could write, and perform many other ac- 
tions in imitation of animals: M. Vaucanfon made a . 
figure that played on the flute; the fame gentleman: 
alfo made a duck, which was capable of eating, drink- . 
ing, and imitating exaétly the voice of a natural one ; 
and, what is ftill more furprifing, the food it fwallowed. 
was evacuated ina digefted ftate, or confiderably al-. 
tered on the principles of folution; alfo the wings, 
vifcera, and bones were formed fo as ftrongly to re~- 
femble thofe of a living duck; and the actions of eat- 
ing and drinking fhewed the ftrongeft refemblance,:. 
even to the muddling the water with its bill-~ M. Le. 
Droz of la Chaux de Fonds, in the province of Neuf-- 
chatel, has alfo executed fome very curious pieces of 
mechanifm : one was a clock, prefented to the king of._ 
Spain; which had, among other curiofities, a fheep that 
imitated the bleating of a natural one, and adog watch- 
ing a oafket of fruit, that barked and fnarled when any 
‘one offered to take it away; befides a variety of hu- 
man figures, exhibiting motions truly farp.ifing. Bat * 
all thefe feem to be inferior to M. Kempell’s chefs.” 
player, which may truly be confidered as the greateft- 
maiter-piece in mechanics that ever appeared in the 
world. See alfo Baptitla Porta’s. Magia Nat. ¢. 19, and. 

Scaliger’s Subsil. 326. ‘ x 48 fe 

AUTUMN, the third feafon, when the harvef, 

and fruits are gathered in. ‘his begins at the de-- 


: feending equinox, which, in the nosthern hemifphere,: - 


‘nite in length. 


. 
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"Is when the fun enters the figa Libra, or about the 22d 


day of Auguft ; and it ends, when winter commences, 
about the fame day in December. 5 : 

‘Avrumnat, fomething belonging toautumn. Thus, 

AuTuUMNAL Equinox, the time when the fun enters 


” the defcending point of the ecliptic, where it.croffes 


the equinodtial; and is fo called, becaufe the nights 

and days are then equal, “9 ©. % - “f 

“AuruMNat Point, the point of the ecliptic an- 
{wering to the autumnal equinox, : 

AutuMmwNau Signs, are the figns Libra, Scorpio, 
Sagittary, throngh which the fun paffes during the 

* autumn. . . : 

-AXIOM, a felf-evident truth, or a propofition affent- 
ed to by every perfon at firit fight. Such as, that the 
whole is greater than its part; that a thing cannot 
both be and not be at the fame time ; and that from 
nothing, nothing can arife. 

. Some axioms are in effect, friGly fpeaking, no 
other than identical propofitions. Thus, to: fay that 
all right angles are equal to each other, is 4s much as 
to fay, all right angles are right angless fach equality 


‘being implied in the very definition, or the very name 


or term itfelf. - * : > — 

Ax1om is alfo an eftablithed principle in fome art of 
fcience. Thus, it is an axioin in phyfics, that nature 
does nothing in vain; that effects are proportional to 
their caufes; &c. It is an axiom in geometry, that 
two things equal to the fame third thing, are alfo 


equal to eachother 5, that if two equal things equals 


be added, the fums will be equal. And it is an 
axiom in optics, that the angle of incidence is equal 
to the angle of reflection. In this fenfe alfo the 
general laws of motion are called axioms; ‘as, that 
all motion is re@tilinear, that a¢tion and reaétion are 


equal, &c, : woe 


- AXE. or AXIS, in Geomery, the ftraight line in a 
plane figure, about which it revolves, to produce or 
generate a folid. “Uhus, if a femicircle be moved 


round. its diameter at reit, it will generate a {phere, ° 


whofe axis is that diameter. | And if ‘a right-angled 
triangle be turned about its perpendicular at rett, it 
will deferibe a cone, whofe axis is that perpendicular, 
Axts is yet more generally ufed for a right line con+ 
ceived to be drawn from the vertex of 
middle of the bafe. : 
Axis ofa circle or Jpbere, is any line drawn through 
the centre, and terminated at 
both fides, = ' 
Axis of @ cone, is the line- from the 
centre of the bafe. - 
Ax18 of a eslinder, is the line from the centre of. 
the one end to that of the other. a Oe lee 
Axis of a canic fection, is the line from the prine 
chpal vertex, or vertices, perpendicular to the tangent 
atthat point. The ellipfes and hyperkola have each 
two axes, which are finite and perpendicular to each 
other; but the parabola has only one, and that infis 


vertex to the 


Tranverfe Axis, in the Ellipfe and Hyperbola, is 
the diameter paffing through the*two foci, and the 
two principal vertices of the figure. In the hyperbola 
it is the fhorteit diameter, but im the ellipfe it is she 
fonget. a . : 
«Ven. h s&s 


a figure to the Mercury, Saturn, and Georgian planet. 
So the aes Bi 


the circumference, on 
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* Conjugate Axis; or Second Axis, in the Ellipfe and 


Hyperbola, is the diameter pafling through the cen- | 


tre, and perpendicular to the tranfverfe axis; and is 


"the fhorteft of all the conjugate diameters. * sh 


‘Axis, of a curve line, is ftill more generally ufed . 


for that diameter which has its ordinates at right an- 
gles to it, when that is poffible. ‘For, like as in the 
conic fettions, any diameter bifeéts all its parallel or- 


dinates, making the two parts of them on both fides. , 


of it equal; and that diameter which has fuch ordi+ 
nates perpendicular toit, is an Axis: So, in curves of 
the fecond order, if any two parallel lines each meet- 
ing the curve in three points; the i te line which 
cuts thefe two parallels fo, that the fum of the two 
parts on one fide of the cutting line, between it and 
the curve, is equal to the third part terminated by the 


curve on the other fide, then the faid line will-in like - 
manner cut all other parallels to the former two lines, . 


viz, fo that, of every one of them, the fum of the 
two parts, or ordinates, on one fide, will be equal to 
- the third part or ordinate on the other fide. Such 


cutting line then is a diameter; and that diameter ° 


poflible, is an Axis. And the fame for other curves 


whofe parallel ordinates are at right angles to it, when © 


of ftill higher orders. Newton, Enumeratio Linea- 
rum Tertii Ordinis, feet. 2, arti 1, 23 mn ee 
Axis, in Affronomy. As, the Axis of the world 


is an imaginary right line coriceived to pafs through 
the centre of the earth, and terminating at each end 
in the furface of the mundane {phere.- About this 
line, as an axis, the {phere, in the Ptolomaic fyftem, 
is fuppofed daily to revolve. 2 


Axts of the Earth, is the line conneAing its two” 


poles, and about which the earth performs its di- 
urnal rotation, from weft to eaft. This is a part of 
the axis of the world, and always remains parallel. 
to itfelf during the motion of the earth in its orbit 
about the fun, and perpendicular to the plane of the: 
equator. . 
Axis of a Planet, is the line paffing through its 
centre, and about which the pbanet. revolves.—The 
Sun, Earth, Moon, Jupiter, Mars, and Venus, it is 
« known from obférvation, move about their fevera} axis ; 
and the like motion is eafily inferred of the othes three, 


Axis of the Horizon, Equator, Ecliptic, Zodiac, &e, 
’ are right lines pafling through the centres of thofe cir- 
cles, perpendicular to their planes. . fe 
Axis of 2 Magnet, or magnetical Axis, isa line paff- 
ing through the middle of a magnet, lengthwife; in 
fuch manner, that however the magnet be divided, 
’ provided the divifion be made according to a plane 
* paling through that line, the magnet will then be cut 
Into two loaditones. And the extremities of iach lines 
are called the poles of the ftone. _ P 
Axis in Mechanics.—Vhe axis of a balance, is the 





line upon which it moves or turns... ee 
” Axus of Ofcillation, is.a line parallel to the horizon, 
* paffing through the centre about which a pendulum 
a 


vibra ‘perpendicular to the plane in which it 






“X18 in Peritrochio, or wheel and axle, is one of 

the five mechanical powers, or fimple machines ; .con- 

tsived chiefly for the raifing of weights to a confider- 
: Aa a a al 
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. ableheight, as water from a well, &¢. This machine 





confifts of a circle AB, concentric with the bafe ofa 
cylinder, and moveable together with it about its axis 
CD. This cylinder is called the axis sand the circle, 
the peri/rochium ; and the radii, or fpokes, which are 
fometjmes fitted immediately into the cylinder, with- 
out any circle, the fysale, About the axis winds a 
rope, or chiin, by means of which great weights are 
raifed by turning the wheel.—TVhe axis in peritrochio 
takes place in the motion of every machine, in which 
acircle may be conceived as deferibed about a fixed 
axis, concentric with the plune of a cylinder about 
which it is placed ; as in Crane wheels, Mill-wheels, 
Capftans, &c, 

The chief properties of the Axe-in-peritrochio, are 
as follow; 

1. If the power F applied in the direétion AF a 
tangent to the circumference, or perpendicular to the 
Sake, be to a weight K, as the radius of the axis 
Ce is to the radius of the wheel AD, or the length 
of the poke; the power will juft fultain the br Se 
that is, the power and the weight will be in equilibrio, 
when they are in the reciprocal proportion of their 

diftance from the centre. 

z. When the wheel moves, with the power and 
weight; the velocities of their motion, and the fpaces 
pafled over by them, will be both in the fame propor- 
tion as above, namely, direly proportional to their 
diftances from the centre, and reciprocally proportional 
0 their own weights when they are in equilibrio. 

" 3. A power, anda weight, being given to confruct 

an axis-in-peritrochio, by which it fhall be fuftained 
wand raifed. Let the axis be taken large enough to 
fapport the weight and power without breaking : 
then, as the weight is to the power, fo make the ra- 
dius of the wheel to the radius of the axis. Hence, 
if the power be very fmall in refpe&t of the weight, 
the radius of the wheel will be vaitly great. For ex- 
-ample, fuppofe the weight 4050, and the power only 
go; then the radius of the wheel will be 8: times 
that of the axis; which would be a very inconvenient 
fize. But this inconvenience is provided againft by 
-increafing the number of the wheels and axes; mak- 
ing one to turn another, by means of teeth or pinions. 
And to find the effe&t of a number of wheels and 
axes, thus turning one another, multiply together, 
all the radii of the axes, and all the radii of the 
wheels, and then it will be, as the produ@ of 
the former is to the produ of the latter, fo is the 
power to the weight. So, if there be 4 wheels and 
-axes, the radius of each axis being 1 foot, and the 
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radius of each wheel 3 feet; then. the continual pro- 
da& of all the wheels is 3 x 3 x 3 X 30r 81 feet, and 
that of the axis only 1; therefore the effe& is as 81 
tor, or the weight is 81 times the power. And, on 
the contrary, if it be required to find the dianieter of 
each ef four equal wheels, by which a weight -of 
4o5olb thall be balanced by a power of golb, the-dia- 
moter of each axis being 1 foot: dividing 4ase by -s0, 


the quotient is 81, extract the 4th root of 81,:ortwice 


the fquare root, and it will give 3, forthe diameter 
of the four wheels fought. ae 

Axis of a veffel, is that quiefcent right line paffing 
through the middie of it, perpendicular to its bafe, * 
and equally diftant from its fides, 

Axts én Opiies—Optic axis, or vifual axis, is a ray 
palling through the centre of the eye, or falling per- 
pendicularly on the eye. 

Axis of a lens, or glafi, is the axis of the folid of 
which the lens is afegment. Or the axis of a olafs, 
is the line joining the two vertices or middle poiats of 
the two oppofite furfaces of the glafs. 

Axis of Incidence, in Diopirics, is the line pating 
through the point of incidence, perpéndicularly to the 
refracting furface. 

Axts of Refraction, is the line continued from the 
point of incidence or refraction, perpendicular to the 
refra@ting furtace, along the farther :nedium. 

AZIMUTH, of the fun, or flar, &c. is an arch of 
the horizon, intercepted between the meridian of the 
place, and the azimuth or vertical circle paffing through 
the fun or ftar; and is equal to the angle at the zenith 
formed by the faid meridian and vertical circle. 
Or it is the complement to the eaftern or weftern 
amplitude.——The azimuth is thus found by trigo- 
nometry ; 

As radius is to the tangent of the latitude, 

So is the tangent of the altitude of the fun or far, 

To the cofine of the azimuth from the fouth, at 
the time of the equinox. 

AzimutH, magnetical, an arch of the horizon con- 
tained between the magnetical meridian, and the azi- 
muth or vertical circle of the obje&; or its apparent 
diftance from the north or fouth point of the compafs. 
This is found by obferving the fun, or ftar, &c. with 
an azimuth compafs, when itis 10 or 15 degrees high, 
either before or after noon. 

AzimurH Compass, an inftrument for finding ei- 
ther the magnetieal azimuth or amplitude of a celeftial 
obje&t. The defcription and ufe of this inftrament, 
fee under the article Compass. 

Azimutu Dtat, adial whofe ftile or gnomon is 
perpendicular to the plane of the horizon. 

Azimuts, or Vertical Circles, are great circles of 
the {phere interfeéting each other in the zenith and 
nadir, and cutting the horizon at right angies.—Thefe 
azimuths are reprefented by the rhumbs on common fea 
charts; and on the globe by the quadrant of altitude, 
when fcrewed in the zenith. On thefe azimuths is 
counted the height of the fun or ftars, &¢. when out of 
the meridian. 
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ACK-Strarr, an inftrament formerly ufed for 
taking the fun’s altitude at fea; being fo called 
Dbecaufe the back of the obferver is turned towards the 
fun when he makes the obfervation. It was fometimes 
called Davis’s quadrant, from its inventor captain Joh 
Davis, a Wefchman, and a celebrated navigator, who 
produced it aboutthe year 15g0. 0 tt 
This inftrament confifts of two conéentric arches ‘of 
box-wood, and ‘three vanes: the arch of the longer 


radius is of 30 degrees, and the other of 60 degrees, « 


making between them go degrees, or a quadrant: alfo 
the vane A at the centre is called the 4orizon-vane; 
that on the arch of 60° at B the feade-vane, and that 
on the other arch at C the fight-wane. 
aod. 
i ' 


- 





Qe 
+ To ufa the Back-Staf. The thade-vane is to be fet 
upon the 6o arch, at an even degree of fome latitude, 
lefs by 10 or 15 degrees than you judge the complement 
of the fun’s altitude will be; alfo the horizon-vane 
being put on at A, and the fight-vane on thg 30 arch 
FG, the obferver turns his. back to the fun, lifts up ; 


the inftrument, and leoks- through the fight-vane, 
raifing or falling the quadrant, till the fhadow of the 
upper edge of the fhade vane fall.on the upper edge of 
the flix in the horizon-vane; and chen if he can fee the 
horizon through the faid flit, the obfervation is exact, 
and the vanes are right.fet: But if the fea appear in- 
lead bf the-horizon, the fight-vane mult be-moved 
downward towards F ; or if the thy. appear, it.mult be 
moved upward towards G; thus trying till ic comes_ 
right : the obfecver then examines how many degrees 


and minutes are-cut by that edge of the fight-vane ° 


that anfwers to the fight hole, and to them-he adds th¢ 
‘degrees cut by the upper edge of the fhade-vane; then 
the iam. is.the fom’s: dutance.. from she -genith, ore 
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complement of the altitude; that is, of his upper limb: 
when the upper end of the fhade-vane is ufed in the ob- 
- fervation, or of his lower limb when the lower part of 
that vane is ufed ; therefore inthe former cafe add 16 
minutes, the fun’s {emidiameter, and fubtra& 16 mi+ 
nutes in the latter cafe, to give the zenith diftance or 
co-altitude of the fun’s centre. Set 
Mr, Flamtteed contrived a glafs tena," Gr double 
convex, to be placed in the middle of the fhade-vane, - 
which throws a {mall bright fpot on the flit of the 
horizon-vane, inftead of the thade ; which is a great 
improvement, if the glafs be truly made; for by this 
, means, the inftrument may be ufed in hazy weather, 
and 2 much more accurate ebfervation made at ait 
tumes, 
BACON (Rocer), an Englith monk of the Francifs 


* ¢an order, an amazing inftance of genius and learning, 


was born near Iichefter in Somerfetthire, in the year 
1214. He commenced his ftudies. at Oxford; fron 
whence he removed to the univerfity of Paris, which 
at that time was efteeméd the centre of literature ; and 
where it feems he made fuch progrefs in the fciences, 
that he was efteemed the glory of that univerfity, and 
was there greatly caretied by everal of his countrymens 
particularly by Robert Groothead or Grouthead, afa 
terwards bifhop of Lincoln, his great friend and pa. 
stron. Having taken the degree of dodior, he returned 
to England in 1240,.and took the habit of the Francifs 
can order, being but about 26 years of ager but acs 
cording to fome he became a monk before he lefe 
France. He now purfued his favourite ftudy of exper 
“mental philofophy with unremitting ardour and affi- 
duity. In this purfuit, in experiments, inftruments, and 
in fearce books, he informs us he fpent, in the courfe of 
20 years, no lefs than 2000/., an amazing fom in thofe 
-days, and which fam it feems was generoully furnithed 
to him by fome of the heads of the univerfity, to ene 
able him the better to purfue his noble refearches. By 
fach extraordinary talents, and amazing progrefs in the 
fciences, which in thatignorant age were fo littleknown 
to the reft of mankind, while they raifed the admira+ 
- tion of the more intelligent few, could not fail to exe 
cite the envy of his illiterate fraternity, whole malice 
he farther drew upon him by the freedom with which 
he treated the clergy in his writings, in which he 
_fpared neither their ignorance nor their want of morals: 
_'thefe therefore found no difficalty in poffeffing the vuls 
ar with the notion of Bacon’s dealing with ‘the deviks: 
Inder this pretence he was réftrained from reading lee< 
tures; his writings were confined to his convent; and 
at length, in'1278, he“himfe]f was imprifoned in his 
cell, at 64 years of age. However, being ‘allowed 
«the ufe,of his books, he fill praceeded in the rationil 
parfait of knowledge, correcting his former Tabours,, 


feveral curions s pieces. : 
wa ee 





iting 
Aaz 





ab or ae ~ 
= * Whea 


“BAC 


When Bacon had been 10 years in confinement? 
Jerom de Afcoli, general. of his order, who had con- 
-demned his doftrine, 
Nicholas IV; and being reputed a perfon of great 
abilities, and one who had turned his thoughts to phi= 
lofophical ftudies, Bacon refolved to apply to him for 
his difcharge ; and to fhew both the innocence and the 
_ufefulnefa of his ftudies, addreffed to him a treatife On 
themeans of avoiding the_infirmities of old age. What 
effect this had on the pope does not appear; it did not 
at leait produce an immediate difcharge : however, to- 
“wards the latter end of his reign, by the interpofition 
of fome noblemen, Bacon obtained his liberty ; after. 
‘which he {pent the remainder of his life in the cole 
lege of his order, where he died in the year 1294, at 80 
years of age, and was buried in the Francifcan church. 
Such are the few particulars which the moft diligent re- 
fearches have been able to difcover concerning the life 
of this very extraordinary man. 

. Bacon’s printed works are, 1. Epiffola Frateris Rogeré 
Baconis de Secretis‘Operibus Artis et Natura, et dé Nul- 
_ditate Magia : Paris, 1542, in 4to. Bafil, 1593, in 8vo. 
“ g. Opus Majus ; London, 1733, in fol. pablithed by 
Dr. Jebb. 3. Thefaurus Chemicus; Francf. 1603 and 
1620. ‘hefe printed works of Bacon contain a con- 
fiderable number of effays, which have been confidered 
as diftinét books in the catalogue of his writings by. 
Bale, Pitts, &c; but there remain alfo in different 
libraries feveral manafcripts not yet publifhed. 

By an attentive perufal of his works, the reader is 
aftonifhed to find that-this great luminary of the 13th 
century was deeply fkilled in all rhe arts and {ciences, 
and in many of them made the moft important inven- 
tions and difcoveries. He was, fays Dr. Peter Shaw, 
beyond all comparifon the greateft man of his time, 
and he might perhaps fiand in competition with the 
peel that have.appeared fince. .. It is wonderful, con- 

idering the ignorant age in which he lived, how he 
came by fuch a depth of knowledge on all fubjects. 


His writings are compofed with thac elegance, con-- 


cifenefs and ftrength, and adorned with fuch juft and 
exquifite obfervations on nature, that, among all the 
chemifts, we do not know his equal. 
writings, he attempts to fhew how imperfeG metals 
may be ripened into perfe& ones ; making, with Geber, 
mercury the common bafis of ali-metals, and fulphur 
the cement. : : 
His other phyfical writings thew. no lefs genius and 
force of mind. In his treatile Of the Secret works of 
Art and Nature; he fhows that a perfon perfeétly ac- 
quainted with the manner obferved by natare in her 
operations, would be able to rival, and even to furpafs 
her. .In another piece, Of the Nullity of Magic, he 
thows with great fagacity and penetration, whence the 
notion of it.fprang, and how weak all pretences to it 
are. From a perufal. of his works, adds the fame’ 
_author, we find Bacon was no ftranger to many of the 
“gapital difcoveries of the prefent and paft ages. “Guny 
powder he certainly knew : thunder and lightening, he 
. tells us, may be produced by art ;. for that fulphur, nitre 
and charcoaJ, which when feparate have no fenfible. 
effect, yct when mixed together in due proportion, and 
clofely confined, and fired, they yield a loud report, 
‘A more vrecife defeription of cunvowder cannot be 
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was chofen pope by the name of . 


In his chemical. 


“BAC 
“piven in words. “He alfo mentions.a foy of unextine 
guifhable fire prepared by art: which fhews he was not 
unacquainted with phofphorous: and that he had a no- 
tion of the rarefa@tion of the air, and the ftructure ofan 
dir pump, is paft contradiétion, He was the miracle, 
fays Dr. Friend, of the age. he lived ‘in, and the 
greateft genins, perhaps, for mechanical knowledge, 
that ever appeared in the world fince Archimedes, He 
_ appears likewife to have been matter of the whole 
fcience of optics: he hasaccurately defcribed the ufes 
of reading-glaffes, and fhown the way of making them. 
Dr. Friend adds, that he alfo defcribes the camera 
obfcura, and all forts of glaffes, which magnify or di- 
minifh any object, or bring it nearer to the eye, or re- 
move it further of. Bacon fays himfelf, that he had 
great numbers of burning. glafles: and that there were 
none ever in ufe among the Latins, till his Friend Pe- 
ter de Mahara Curia applied himfelf to the making of 
them. - That the telefcope was not unknown to him, 
appears from a paflage where he fays, that be was able 
to form glaffes in fach a manner, with refpe& to our 
fight and the objeéts, that the rays fhall be refragted and 
reflected wherever we pleafe, fo that we may fee a thing. 
under what angle we think proper, either near or at a- 
diftance, and be able to read the {mallet letters at an 
increbible diftance, and to count the dutt and fand, on 
account of the greatne(s of the angle under which we 
fee the objeé&ts; and alfo that we fhall fcarce fee the 
greateft bodies near us, on account of the fmallnefs of the 
angle under which we view them. His fkill in aftro~ 
Romy was amazing: he diicovered that error which oc- 
~ ‘eafioned the reformation of the calendars one of the © 
greateft efforts, according to Dr. Jebb, of haman in-’ 
duftry : and his plan for correcting it was followed by 
. pope Gregory the 13th, with this variation, that Bacon’. 
would have had the correétion to begin from the birth = 
of our Saviour, whereas Gregory’s amendments reaches 
no higher than the Nicene council. 
BACON (Francis), baron of Verulam, vifcount of 
St. Albans, and lord high chancellor of England under 
king James I, He was born in 1560, being fon of Sir 
Nicholas Bacon lord keeper of the great feal in the 
reign of queen Elizabeth, by Anne daughter of Sir 
Anthony Cook, eminent for her {kill in the Latin and 
Greek languages. He gave even in his infancy tokens 
- of what he would one day become; and queen Elizae 
. beth had many: times occafion to admire his wit and 
talents, and ufed to call him her young lord keeper. 
* He ftudigd the philofophy of Ariftole at Cambridze} 
where he made fuch progre(s in his ftudies, that at'16 
years of age he had run through the whole circle of the 
_ liberal arts as they were then taught, and even began to 
~ perceive thofe imperfections in the reigning philofophy, 
which he afterwards fo effectually expofed, and thence 
not only overturned that tyranny which prevented the 
progrefs of true knowledge, but laid the foundation of 
that freé-and ufeful philofophy which has fince opened. 
a way to fo many glorious difcoveries, On his leaving 
‘the univerfity, his father fent him to France; where, - 
before he was 19 years of age, he wrotea general view 
’ of the ftate of Europe: bat his father dying, he was 
obliged fuddenly to return to England; where he ap- 
plyed’ himfelf to the: itudy of the common law, at 
Gray’e-inn, - His merit at ‘length raifed him to the ' 


‘pay a fine of 40,000/. and to remain prifoner in the - tented himfelf with. cracing ina few words the defign: 
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highett dignities in his profeffion, attorney-general, and ‘branch of phyfics; he accordingly began with that of « 
Jord high chancellor, But being of an eafy and lic: the winds; then he gave that of heat; next that of 
béral difpofition, his fervants took advantage of that -motion; and laftly that of life and death, But as it. 
temper, and their fituation under him, by accepting was impoffible that one man alone could fo compofe the. - 
refents in the line of his ‘profeffion. , Being aban-’ whole circle of fciences with the.fame precifion, after 
doned by the king, he-was tried by the honfe of lords, having given thefe patterns, to ferveas a model to thole 
for bribery and corruption, and by them fentenced to “who might choofe to labour upon his principles, he con~ 






‘ower during the king’s pleafure. - The king however: of four other tracts, and with furnifhing the materials, 
foon after remitted the fine and punifhment: but’his in his Silva Silvaram, where he has amaffed a vaft num-: 
misfortunes had given him a diftafte for public affairs, ber of experiments, to ferve as a foundation for his new 
and he afterwards moftly lived a retired life, clofely- _phyfics. In faét, no one before Bacon underftood any: 
purfuing his philofophical ftadies and amufements, in - thing of the experimental phylofophy ; and of all the 
which time he compofed the greateft part of his Eng- phyfical experiments which have been made fince his: 


_ lith and Latin works. Though even in the midft of _ time, there is fearcely one that isnot pointed out in his 


his honours and employments he forgot not his philo- works, ; : . 
fophy, but in 1620 publifhed his great work Nowan" This great precurfor of philofophy was alfo an‘ele- 
Organum. After fome years fpent in his philofophical “gant writer, an hiftorian, and a wit. His moral eflays 


_ Fetirement, he died in 1626, being 66 years of age. are valuable, but are formed more to inftrué than to: 


The chancellor Bacon is one of thofe extraordinary pleafe. . ‘There are excéllent things too in his. work Ox: . 
geniufes who have contributed the moft to the advance~ the Wifdor of the Ancients, in which he has moralized the’ 
ment of the feiences. He clearly perceived the im- fables which formed the thedlogy of the Greeks and Ro- 


“perfe€tion of the {chool philofophy, and he pointed out mans. He wrote alfo The Hiftory of Henry the VIIth 


the oly means of reforming it, by proceeding in the ‘Ring of England, by which it appears that he was not: 
oppofite way, from experiments to the difcovery of the: lefs a great pelitician than’a great philofopher. a 
Jaws of nature.. Addifon has faid of him, That he had Bacon had alfofome other writings, publithed at dif- 
the found, diftin&, comprehenfive knowledge of Arif- ferent times; the whole of which. were’collected toge-'” 


~ totle, with all the beautiful light graces and embellifn- “ther, and publifhed at Frankfort, in the year 1664, in 


* pointed out all the ways that lead to her. He very 


‘ments of Cicero. Mr. Walpole calls him the Prophet a large folio volume, with an introduction concernigg - 
of Arts, which Newton was afterwards to reveal ; and * his life and writings. . Another edition of his works was" 


. adds, that his genius and his works will be univerfally ‘publifhed at London in'2740; the enumeration. of. 


admired as long as fcience exifts. He did not yet, faid. ‘which is as below: * 

another great man, urderftand nature, but he knew and". -t. De Dignitate et Augmentis Scientiaromt: §-— * 
2. Novum Organum Scientiarum, five Judicia vera: 
early defpifed all that the univerfities called philofophy;* de Interpretatione Natura; cum Parafceve ad Hilto~ 
and he did every thing in his power that they fhould — riam Naturalem S Experimentalem:’ p 


‘not difgrace her by their quiddities, their horrors 3. Phenomena Univerfi, five Hifforia Naturalis &: 


of a vacuum, their fubftantial forms, and fuch like Experimentalis. de Ventis; Hiftoria Denfi & Rari;.. 
impertinencies. . > Hiftoria Gavis & Levis; Hiftoria Sympathia & An- — 

He compofed two works for ‘perfecting the fciences.” tiparbiz Rerum ; Hiftoria Sulphuris, Mercuri, & Salis $- 
The former On the Dignity and Augmentation of the Hiftoria Vite & Mortis; Hiftoria Natsralis & Experi. 
Sciences. He here fhews the ftate in which they ther mentalis de Forma Calidi; De Motus, five Virtutis: 


: were, and points out what remains to be difcovered for -. active variis fpeciebus ; Ratio inveniendi canfas Flaxus 


perfeéting them; condemning the unnatural way of & Refluxus Maris; &c,&c. 7 
Ariflotle, in reverfing the natural order of things. He 4. Silva Silvaram, ive Hiftoria Natoralis. 


here alfo propofes his celebrated divifion of the ~ 5- Novus Atlas. aps : ee: 
: Sciences. - aay, 6. Hiftoria Regni Henrici vii Angliz Regis. 
To remedy the faults of the common logic, Bacon ~- 7. Sermones Fideles, Kthici, Politici, Oeconomici. 
compofed his fecond work, the New Organ of Sciences; “8. De Sapientia Veterum. | - : : 
above-mentioned. He here teaches a new logic, the’ BACULE, in Fortification, a kind of portcullis, or- 


chief end of which is to thew how to make a good in gate, made like a pit-fall, with a counterpoife, .and: 
ference, as that of Ariftotle’s is to make a fyllogifms -fupported with two great flakes. It is ufually made- 
Bacon was 18 years, in compofing this work, and he al- before the corps de garde, not far from the gate of a: 
ways-efteemed it as (he chief of his compofitions.” ” place: : . : ms 
‘The'pains which Bacon beftowed uponall the feiences | * BACULOMETRY, «the. art of meaforing either: 
in general, prevented him from making any confider- acceflible or inacceffible lines, by the, help. of baculi,, 
able applications to any one in particular: and as he flaves,~or rods.’ Schwenter has explained this art in- 
knew that natural philofophy is the foundation of all his GkSxetria Pradica; and the rules of it are delivered 
the other fciences, he chiefly endeavoured to give per- by Wolfius, in his Elements: Ozanam alfo gives an il» 
fefion to it. He therefore propofed to eftablith.a. luftration of the principles of Baculometry. 
new fyftem of phyfics, rejeéting the doubtful principles BAILLY (Jean S¥Lvain), celebrated French 
of the ancients. For this parpofe he took the refo- _aftronomer, hiftoriographer, and politician, was borna ¢- 


lution of compofing every month a weatife on fome Paris the 15th of ‘September. 1736, and has figured ag. 
: . id ma” AES 2 , -_ one 
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one of the greateft men of the age, being a member of 
’ feveral academies, and an excellent fcholar and writer. 

He enjoyed for feveral years the office of keeper of the 

kine’: pidtures at Paris. He publifhed, in 1766, 2 

volume in 4to, 4x Effay.on the Theory of Fupiter’s Sa- 

tellites, preceded by a Hiftory of the Aftronomy of thefe 

Satellices. Inthe Journal Encvclopédique fér Mav and 

July 1773, he addrefled a letter to M. Bernoulli, Aftro- 

nomer Royal at Berlin, rpon fome difcoveries relative 

to thefe fatellites, which he had difputed. [n 1768 he 
publithed the Eulogy ‘of Leibnitz, which obtained the 
prize at tie Academy of Berlin, where it was printed. 
in 1770 he printed at Paris, in 8vo, the Lulogies of 

Charles the Vth, of de la Caille, of Leibnitz, and 

of Corneille. ‘his lalt had the fecond prize at the 

Academy of Rouen, and that of Moliere had the fame 

honour at the French Academy. : 

M. Bailly was admitted into the Academy as Adjun@ 
the zoth of January 1763, and as Affociate the tqth 
of fuly 1770,—In 1775 came out at Paris, in gto, his 
Hiftory of the Ancient Aftronomy, in 1 volume: In 1779 
the Hifory of Modern Affronomy in 2 volumes: and in 

1787 the Miffory of the Indiaw-and Oriental Aftronomy, 

being the 2d vul. of the Ancient Alronomy. 

M. Bailly’s memoirs publifhed in the volumes of the 
Academy, are as follow : . 

Memoir upon the Theory of the Comet of 1759. 
~ Memoir upon the Epoques of the Moon’s motions at 

. the end of the laft century. <e 

. Firft, fecond, and third Memoirs on the Theory of 
Jupiter’s Sareilites, 1763. 

Memoir on the Comet of 1762: vol. for 1763. 

Aftronomical Obfervations, made at Noflon: 1764. 

‘On the Sun’s Eclipfe of the 1ft of April, 1764. 

On the Longitade of Polling; 1764. 

Obfervations made at the Louvre from 1760 to 1764: 
1765, 

"On the caufe of the Variation of the Inclination of 
the Orbit of Jupiter’s fecond Satellite ; 1755. 

On th@Motion of the Nodes, asd on tie Variation 
of the Inclination of Jupiter’s Satellites; 1766. 

On the Theory of Jupiter’s Satellites, publithed by 
M. Bailly, and according to the Tables of their Mo- 
tions and of thofe of Jupiter, publifhed by M. Jeaurat; 
5766, 

Obfervations on the Oppofition of the Sun and Ju- 
piter 5° 1768. . 

On the Equation of Jupiter’s Centre, and on fome 
other Elements of the ‘I'heory of that Vlanet; 1768. 

On the Tranft of Venus over the Sun, the 3¢ of 
jane 1769; and on the Solix #clipfe the 4th of June 
the fame year; 1769. 

«ln the beginning of the revolution in France, in 
1989, M. Bailly teok an active part in that bulinefs, 
aand was fo popular and generally elteemed, that he was 
chofen the firtt prefident of the States Genera}. and of 
zhe National Affembly, and was afterwards \ gr two 
years together the Mayor of Paris; in both which 
offices he conducted himfelf with great fpirit, and gave 
general fatisfacion, 

He foon afterward however experienced a fad 
‘reverfe of fortune ; being accufed by the raling party 
of-favouring the king, he was. condemned for inciviim 
and wanting to overturn the Republic, and died by 
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the Guillotine at Paris on the eleventh day of Nevém- 
ber, 1793, at 57 years of age. cee 

BAINERIDGE (Jour), an eminent phyfician, - 
aftronomer, and sadthematician. He was born in 1582, 
at Afhby de la Zouch, Leicefterfhire. He fudied at 
Cambridge, where having taken his degrees of Bache- 
lor and Mafter of Arts, he returned to Leicefterthire, 
where for fome years he kept a grammar. fcheot; and-at 
the fame time praétifed phyfic; employing his leifure 
hours in ftudying mathematics; é{pecially-aftronomy, 
which had been his favourite ‘{cience from his earlieft 
years. By the advice of his friends, he removed to 
London, to better his condition, and improve himfelf 
with the converfation of learned men there; and here 
he was admitted a fellow of the college of phyficians. 
His defeription of the comet, which appeared in 1618, 
greatly ratfed his charaéter, and procured him the ac- 
quaintance of Sir Henry Savile, who, in 1619, ap- 
pointed him his firft profeffor of aftronomy at Oxford. 
On his removal to this univerfity, he-entered a maf- 
ter commoner of Merton college; the matter and fe!- 
lows of which appointed him junior reader of Linacer’s 
le€ture in 1631, and fuperior reader in 1635. As he 
refolved to publith corre editions of the ancient atro- 
nomers, agreeably to the ftatutes of the founder of his 
profefforhhip, that he might acquaint himfelf with the 
difcoveries of the Arabian aftronomers, he began the 
ftudy of the Arabic Janguage when he was above 40 
years of age, Before completing that work however 
he died, in the year 1643, at 61 years of age. 

Dr. Bainbridge wrote many works, but mott of them 
have never been publifhed ; thofe that were publithed, 
were the three following, viz; 

1, An Aftronomical Defcription of the Iate Comet, 
from the 18th of November 1618, to the 16th of De- 
cember following ; 4to, London, 1619.—This piece 
was only a fpecimen of a larger work, which the 
author intended to publifh in Latin, under the title of 
Cometographia. = 

2. Procht Sphera, Ptolomai de Hypothefibus Plane- 
tarum liber fingularis. To which he added Ptolomy’s 
Canon Regnorum, He collated thefe pieces with an- 
cient manuftripts, ‘and gave a Latin verfion of them, 
illutrated with figures : printed in 4to, 1620. 

3. Canicularia. A treacife concerning the Dog-ftar, 
and the Canicular Days: publifhed at‘Oxford in 1648, 
by Mr. Greaves, together with a demonftration of the 
licliacal rifing of Sirtus, the dog-ftar, for the parallel of 
Lower Egypt. Dr, Bainbridge undertook this work 
at the requeit of archbifhop Usher, but he left it im- 
perfect; beimg prevented by the breaking out of the 
civil war, or by death, 

There were alfo feveral differtations of his prepared 
forand committed to the prefs the year after his death, 
but the edition of them was never completed. The 
titles of them are as follow: 

aft, Antiprognofticon, in quo Mayline ARtrologica, 
Ceeleftium. Domorum, et Triplicitatam Commentis, 
magnifque Saturni et Jovis (cuju‘modi anno 1623, et 
1643, Contigerunt, et vicefimo fere quoque deinceps 
anno, ratis natura legibuss recurrent) Conjan@ionibus 
innixa, Vanitas breviter detegizur, 
~ and, De Meridionorum five Longitudinem Diffe- 
rentiis inveniendis Diflertatio. 


2 34, De 
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14d, De Stella Veneris Diztriba. © Shes 
* Befide the foregoing, there were feveral-other traéts; 


“pever printed, but left-hy his will to archbithop Uther; _ 
‘mong: whofe manatcripts they are preferved in the Hix"; 


brary of the college of Dublin. Among which are, 
‘the following: 1. A- Theory ‘of the San. 
{Theory of the Meon, 5. A Difcourfe-.concerning 
the Quantity of the Year. 4. Two volomes of Aftro~ 
nomicel Obfervations. 5, ‘Nine or. ten volumes o 
Mitcelianeous ‘Papers ‘relating to ‘Mathematical fub+ 
~. Jetis: ee : P 
BAKER (THomas}, -a mathematician of fome 
eminence; was born at Ilton in Somerfetthire, in 1625. 


“He entered upon his ftudies at Oxford ih 1640, where _ 


he remained feven years. He was afterwards appointed 
‘vicar of Bifhop’s-Nyimmet in Devonthire, where he lived 


/ ‘a ftudious and retired life for many years, chiefly pur- . 


fuing the mathematical fciences: of which he gave 
a proof of his critical knowledge, in the book he 
‘published, concerning the general conftru€tion of bi- 
“quadratic equations, by a parabola and a circle; the 
“title of which book at full length is, ** The Geometri- 
‘eal Key; or the Gate of Kauations unlocked: ora 
“new difeovery of the Conftru@ion of all Equations, 
*how(oever afleéted, not exceeding the 4th degree, viz, 
‘of Linears, Quadraties, Cubics, Biquadratics, and the 
finding of ali their Roots, as well Falfe as ‘True, with- 
~ “out the ufe of Mefolabe, Trifection of Angles, without 
Redudtion, Depreffion, or any other previous prepara- 
tions of equations by 4 circle, and any (and that one 
only) Parabole, &c”: 1684, 4to, in Englifh and Latin. 
i There-is fome account of this work in the Philof, 
-Tranf. an. 16$4.. And a little before his death, the 
,'Royal Society fent him fome mathematical queries; to 
‘which he -returned fuch fatisfactory anfwers, as pro- 
‘cured the prefent of a medal, with an infcription full of 
‘honour and refpeét.—Mr, Baker died at Bithop’s- 
_ Nymmet, 1690, in the 65th year of his age. . 
BAKER (Henry), an ingenious and diligent -na- 
turalit, was born in London about the beginning of 
the 18th century. -He was brougiit wp under an emi- 
nent bookfeller, but being of a philofophical turn of 
mind, he quitted that line of bufinets foon after the ex+ 
piration of his apprenticethip, and took to the employ- 
ment of teaching deaf and dumb perfons to fpeak and 
“write &c, in which occupation, in the courfe of his life 
. he acquired. a handfome fortune. -For. his amufement 
he cultivated various natural and philofophical fciences, 
particularly botany, natural hiftory, and microfcopical 
fubjects, in which he efpecially excelled, having, in the 
year 1744, obtained the Royal Society’s gold medal, 
for his microfcopical experiments on the cryftallizations 
and configurations of faline particles. He had various 
papers publifhed in the Philof. Tranf. of the Koyal 
Society, of which he was a worthy member, as well as 
of the Societies of Antiquariés, and of Arts. He was 
author of many pieces, on various fubjeéts, the princi- 
_ pal of which were, his Treatiie on the Water Polype, 
and two T'reatifes on the Microfcope, viz, 74: Mécroe 
fope made eafy, and Employment for the Microfeope, which 
have gone through feveral editions. > 


Mr, Baker married Sophia, youngeft daughter of 
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- the celebrated Daniel Defoe, by whom he had two fony; 


whe both died before him. He terminated an honoare 
able and nafeful life, at his apartments in the Strand on- 
the 25th of November 1774, being then upwards of 79 
years of age. : : 

BAKER’s Ceneran Ruue, for the Gonftrudiion of 
Equations, isa method of conftructing all equations, nat 
exceeding the 4th degree, by means of a given parae 
bola and a circle, without any previous reduction of” 
them, or firlt taking away their fecond term; See 
Centrar Rule. 

BALANCE, one of the fix fimple: powers in mes- 
chanics, chiefly afed in determining the equality-or difs 
ference of weight in heavy bodies, and confequently. 
«their maffes or quantities of matter. 

The balance is of two kinds, the amcient and' modern. * 
‘The ancient or Roman, called alfo Statera Romana, or 
Steelyard, coufifts ofa lever or beam, moveable on a cen- 
tre, and fulpended near one of its extremities: --The: 

bodies to be weighed are fufpended from the fhorter 
end, and their weight is.thewn by the divifion marked: 


von the beam, where the power or conitant weight, 


‘which is moveable along the lever, keeps the fteelyard 
in equilibrio. Titis balance is ftill in common ule for . 
‘weighing heavy bodies., “* Te Aye ewes 
+ "The modern balance, now commonly ufed, confifts of 
a lever or beam fufpended exaétly in the. middle, and 
‘having fcales fulpended from the two extremities, to: 
‘receive the weights to be weighed. © 09" 15 
In either cafe the lever is called the jxgum or the: 
beam, and its two halves on each fide the axis, the 
brachia or arris; alfo the line on which the beam turns, 
or which divides it in two, is called the axis s and’ 
when confidered with regard to the length of the bra« 
chia, is eiteemed only a point,-and called ‘the centre 
of the balance, or centre of motions the extremities 
where the weights are applied, are the points of applica- 


. tion oF fufienfion ; the handle by which the balance is 


held, or by whic the whole apparatus is fufpended, is. 
called ¢rutina ; and the flender part perpendicular to the 
beam, by which is determined either-the equilibrium or 
preponderancy of bodies, iscalled the ronguc ofthe balances. 
From thefe defcriptions we eafily gather the charac- 
teriftic diftin@ion between the Roman balance and the: 
common one, viz, that in the Roman balance, there is 
one conftant weight ufed as a counterpoife, the point. 


* where it is fufpended being varied ; but, onthe contrary, 


in the common balance or fcales, the points of fufpens 
fion remain the fame, and the counterpoife is varied, 
The principle of both of them may be eafily anderftood; 
from the general properties of thé lever, and the fol- 
lowing obfervations. a a ised 
The beam ABC, the principal part of the balance,. 
is a lever of the firt kind; butinftead of reiting on a. 
fulcrum, it is fufpended by a handle, &c, falened to 
its centre oF motion B: and hence the mechanifm of the 
balance depends on the fame theorems as that .of the- 


“lever. Confequently as the diftance between the cen- 


tre of motion and the place of the unknown weight, is 
to the diitance between the fame centre and the place 
of the known weight, fo is the latter weight, to the for- 
mer. Sothat the unknown weightisdifcovered by means 
gee ae? : a 
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of the known oné, and their diftanices froin the common 
centre of motion; viz, if the diftances from the centre 
be equal, then the two weights will be equal alfo, asin 
the common balance; but if the diftances be dnequal, 
" chen the weights will alfo be unequal, and in the very 
“famé proportion, alternately, the lefs weight having fo 
much the greater diftance, as in the fteelyard. - 


The Common Balance or Scales. 





"The two brachia AB, BC, fhould be exatly equal in 
dength, and in weight alfo when their fcales D and EB 
are fixed on their ends the beam fhould hang exadily 
level or horizontal in the cafe of an equipoife ; and for 
this purpofe the centre of gravity of the whole thould 
fall a little below the centre of motion, and but a little, 
that the balance be fufficiently fenfible to the Jeaft vari- 
ation of weight: the fri@tion on the centre fhould alfg 
| be as fmall.as poffible. . : 


The Steel Yard. 





: Having made a proper bar of fteel AB, tapering at 
the longer end, and very ftrong at the other, fufpend 
it by.a centre C near the fhorter or thicker end, fo 
shat it may exaétly balance itfelfin equilibrio, and pre= 
pare aconftant weight I to weigh with: then hang on 
any weight, as one pound for inftance, at the fhorterarm, 
and flide the conftant weight backwards and forwards 
upon the longer arm, till it be juftin equilibrio with the 
former; and there make a notch and number 1, for the 
place of 1 pound: ‘take off the alb, and hang a two. 
pound weight in its ftead at the thorter arm ; then flide 

“the conftant weight back on the longer arm, sill the 
whole come again into equilibrio, making a notch at 
the place of the conftant weight and the number 2, for 
the place of zlb. Proceed in the fame manner for all 
other weights 3, 4, 5, &c; as alfo for the intermediate 

halves'and quarters, &c, if it be neceflary ; always ful. 
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peiiding the variable weights at the end of the fhorter - 
arm, fhifting the conftant weight fo as to balance them, - 
and marking and numbering the places on the longer 
arm where the conftant weight always makes a coun~ 
terpoife. The ufe of the Steelyard is hence very evi- 
dent: the thing whofe weight is required being fof. 
ded by a hook at the fhort end, move the conitant® 
weight hackwards and forwards on the longer arm, till, 
the beam is balanced horizontally : then look what notch: 
the conftant weight is placed at, and its number will 
fhew the. weight of the body that was required. DCis: 


a {cale fometimes hung on at the end by the hook H. . 


The Bent-Lever Balance. 











‘This inftrument operates by @ fixed weighe, C, ink 
‘creafing in power as it afcends along the arc FG of & 


: circle, and pointing by an indéx to the number or dis 
.Vifion of the arc which denotes the weight ofany body,. 


put into the feale at E. And thus one conftant weight 
ferves to weigh all others, by only varying the pofition’ 
of the arms of the balance, inftead of varying the places 
or points of fafpenfion in the arms themfelves, © ; 
~The Deceitfal Balance. This operates in the fame 
manner as the tteelyard, and cheats or deceives by hav-* 
ing one arm alittle longer than the other; though thede-* 
ception isnot perceived, becaufe the fhorter armis made 
fomewhat heavier, fo as to compenfate for its fhortnefs, ° 
by which means the beam of the balance, when no: 


_ weights are in the fcales, hangs horizontal‘in equilibrio. ° 


The confequence of this conitrudtion is, that any com- 
modity put in the feale of the longer arm, requires a° 
greater weight in the other fcale to balance it; and fo 
the body is fallacioufly accounted heavier than it really- 
is. But the trick will eafily be detected by making the 


* body and the weight change places, removing them to 


the oppofite fcales, when the weight will immediately 
be feen te preponderate, ; 
~ Affay-Balance. This isa very nice balance, afed in 


‘ determining the exact weights of very {mall bodies. Its 


firuGure is but litle differeat from the common fort; 
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except that it is made of the beft and hardeit fteeJ, and 
made to turn with the fmalleft weight. Pai Sees 
Hydroftatical Balance. 
termining the fpecific gravity of bodies: See Hrpxo- 
sTATICAL, and SpeciFic Gravity. ne ee 
Barance, in Aftronomy, the fame as Libra. 
Bavance ¢fa Clock or Watch, is that part which, 
by its motion, regulates and determines the beats. The 
eircolar part of it is called the rim, and its fpindle the 
‘verge; there belong to it alfo two pallets or nuts, that 
’ playin the fangs of the crown-wheel : in pocket watches, 
that frong flud in which the lower pivot of the verge 
plays, and in the middle of which one pivot of the 
crown-wheel runs, is called the potence: the wrought 
piece which covers the balance, and in which the upper 
pivot of the balance plays, is the cock; and the {mail 
{pring in the new pocket watches, is called the regudator. 
BALCONY, a projeéture in the front of a houfe, or 
other building, commonly fupported by pillars or con- 
foles, and encompaffed by a ballufrade. t- 
BALL, any {pherical, globular, or round body. 
Batt, in the militry art, fignifes all forts of bullets 
for ire arms, from the piitol up to the largeft cannon, 
Cannon balls are made of cat ison; but the, mufket and 
pil balls of lead, as thefe are both heavier under the 
me bulk, and do not furrow the barrels of the pieces. 
Baut of a Pondulum, is the weight at the bottom of 
it; and is fometimes, efpecially in fhorter pendulums, 
_ calléd the bob “ . : 
Bauus of Fire, in Meteorology. See Fire dalls. - 
Baxus, in Electricity, invented by Mr. Canton, are 
two pieces of cork, or pith of elder tree, nicely turned 
ina lathe to the fize of a fmall pea, and fufpended by 
fine, linen threads. They are ufed as electrometers, and 
are of excellent ufe to difcover firall degrees of cleétri- 
_ tity ; and to obferve its changes from pofitive to nega~ 
tive, or the reverfe ; as alfo to eftimate the force of a- 
fhock before the difcharge, fo that the operator fhall 
always be able to tell very nearly before hand what the 
oe will be, by know ug how high he has charged ° 
is jars. : é 
BALLISTA, a military engine much ufed by the an- 
cients for throwing ftones, darts, and javelins; and fome- 
what refembling our crofs-bows, but much larger and 
fronger. ‘The word is Latin, fignifying a crofs-bow 5 
bat is derived from the Greek Baraw, to fhoot, OF throw. - 
Vegetius informs us, that the ballita difcharged 
darts with fuch violence and rapidity, that nothing 
could refitt their force: and Athenzus adds, that Agi- 
firatus made one of little more than 2 feet in lengih, - 
that hot darts 500 paces, Authors. have etien con- 


founded the ballilta with the catapwlta, attributing to © 


the one what belongsto the other. According to Vi- 
truvius, the ballifta was made after divers manners,. 
though all were ufed to the fame purpofe ; one fort was . 
framed with levers and bars; another with pullies; fome — 
with a crane; and others again with a toothed wheel.- 
Marcellinus deferibes the balliita thus; A round ion 
cylinder is faftened between two planks, from which: 7 
reaches a hollow iquare beam placed crois-wile; faftened - 
with cords, to which are added ferews. At one end of 
this ftands the engineer,-who puts a wooden fhaft, or . 
arrow, with a large head, into the cavity of the beam; 
this done, two men bend the engine, by drawing fome © 


“[. tes “J 


This is an inftrument for de- - 
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wheels; when the top of the head is drawn to the utmof 


-end of thecords, the fhaft is driven out of the ballifta, &c. 


, The ballifta is ranked by the ancients in the fling 
kind, and its ftre€ture and effet reduced to the prin- 
ciples of that infrument ; whence it is called by Hero ° 
and others, Anca, and fundibulus. Ganther calls it 
Balearica machina, as a fling peculiar to the Balearic 
iflands.—Perrault, in his notes on Vitruvius, gives a 
new contrivance of a like engine for throwing bombs 


-without powder. - ,. : 


Fig 1, Plate v, reprefents the ballifta ufed in fieges, 
according to Folard : where 2, z, denote the bafe of the 
ballifta; 3, 4, upright beams; 5, 6, tranfverfe beams; 
7,7, the two capitals in the upper tranfverfe beam, (the 
lower tranfverfe beam has alfo two fimilar capitals, _ 
which cannot be feen in this tranfverfe figure); 9,9» 
two pofts or fupports for ftrengthening the tranfverfe 


beams ; 10, 10, two skains of cords failened to the ca- 


pitals; 15, 11, two arms inferted between the two 


. ftrands, or parts of the fkains; 12, a cord faftened to 


the two arms; 13, darts which are fhot by the ballifta; 
14,14, curves im the upright beams, and in the con- 
cavity of which cufhions are fattened, in order to break 
the force of the arms, which ftrike’ againft them with 
great force when the dart is difcharged; 16, the arbor . 
of the machine, in which a ftraight groove or canal is 
formed to receive the darts, in order to their heing thot 
by the ballifta ; 17, the nut of the trigger; 18, the roll 
os windlafs, about which the cord is wound; 19,2 hook,” 
by which the cord is drawn towards the centre, and . 
the ballifta cocked ; 20, a flage or table on which the 
arbor is in part fuftained. 

BauuisTA, in Pra@tical Geometry, the fame as the 
geometrical crofs, ca'led alfo Facob’s Staff. See Cross- 
Staff. i : : 

BALLISTIC Penputum, en ingenious machine 
invented hy Benjamin Robins, for afcertain‘ng the velo- 
city of military projedtiles, and confequently the force 
of fired gun-powder. It.confills of a large block of 
wood, annexed tothe end of a ftrong iron ftem, having 
a crofs flect axis at the other end, placed horizontally, 
about which the whole vibrates together like the pen- 
dulaum ofa clock. This.machine being at reft, a piece 
of ordnance is pointed ftraight towards the wooden ~ 
block, or ball of this pendulum, and then dilcharged : 
the confequence is this; the ball difcharged from the ~ 
gun ftrikes and enters the block, and caules the pendur 
lum to vibrate more or lefs according to the vi locity of 
the: projedlile, or the foree of the blow; and by cbferv-. 
ing the extent of the vibration, the force ef that blow 
becomes known, or the greatelt velocity with, which 
the block is moved out of its place, and confequently 
the velocity of the projeétile itfelf which ftruck tae 
blow and urged the penculum. ~ 7 

‘The more minute and particular defeription may be 
feen in my Tratts, vol. 1, where are given a I the rules 
for ufing it, and for compu:ing the velocities, with a 
multitude of accurate experiments performed with cans - 
non balis, by means of which the mot ufelul and im- 
portant conciufions have been deduced in military pro- 
jedliles and the natuse of phyfics. 1 have alfo fince 


‘that publication, made many other experiments of the - 
* fame kind, by difcharging cannon balls at various dif. 


tances from the block; from which have xefulted the. 
neg F 
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difcovery of a complete feries of the refitances of the 

air to. balls pafling through it with all degrees of velo- 
city, from o up to-2000 feet in a fecond of time. 

~~ Other writers on this fabje@ are Euler, Antoni, Le 

Roy, Darcy, &¢. Sec allo Robins’s Mathematical 

- Tra&ts. : ° 

BALLISTICS, is ufed by fome for projectiles, or the 

. art of throwing heavy bodies. Merfeanus has publifhed 

a treatife on the projedlion of bodies, under this title. 


BALLOON, or Baton, ina general fenfe figni- oe 


fies any. {pherical hollow body. Thus, with chemifts, 
it denotes a round fhort-necked veflel, ufed to receive 
what is ditilled by means of fire: in architeAure, a ball 
or globe on the.top of a pillar, &e: and among engi- 
neers, a kind of bomb made of pafteboard, and played 
_ off in fireworks, in imitation of a real irom bomb-fhell. 
. fir-Baiioon. See Agrost ation and Air Balloon. 
_BALLUSTER, a {mall kind of column or pillar, 
:,ufed foe balluttrades. * 


oe BALLUSTRADE, a feriea or cow of ballutters, ° 


joined by a rail; ferving for a reft to the arms, or asa 

S fence or inclofare to balconies, altars, ftaircafes, &c. 

; BAND, in Archite€ture, denotes any flat low mem- 
ber, or moulding, that is broad, but not very deep. 
The word dace fometimes means the fame thing. * 

» BANQUET, or BanqustTe, in Fortification, @ 
Yittle foot-bank, or elevation of earth, forming a path 
ulong the inde of a parapet, for the foldiers to ftand 
upon to difcover the counterfcarp, or to fire on the eno 
-my, in the moat, or in the covert way. Itis commonly 
about 3 feet wide, and a foot and a half high. . 

- BARLOWE (Wituiam), an eminent mathemati- 


» clan and divine, in the 16th century, He was born in - 


: Pembrokéthire, bis father (William Barlowe) bein 

* then bithop of St. David’s, In 1560 he was entere 
commoner of Baliol college in Oxford; and in 1564, 
having taken a degree in arts, he left the univerfity, and 
- went to fea; but in what capacity is uncertain: how- 
ever he thence acquired confiderable knowledge in the 
. artof navigation, as his icons 9 afterwards fhewed. 
» About the year 1573, he entered into orders, and bee 
came prebendary of Winchefter, and reftor of Eafton, 
near that city. In 1588 he was made prebendary of 
huitchfield, which he exchanged for the office of treafurer 
of that church. He afterwards was appointed chaplain 
‘to prince Henry, eldeft fon of king James the fir 5 
and, in 1614, archdeacon of Salifbury. Barlowe was 
remarkable, efpecially for having been the firft writer 
on the nature and properties of the loaditone, 20 years 
before Gilbert publifhed his book on that fabject. Be 
was the firft who made the inclinatory inftrument tranf- 
parent, and to be ufed with a glafs on both fides. It 
was he alfo who fufpended it ina compafs-box, where, 
with 2 ounces weight, it was made fit for ufe at fea. He 


alfo found out the difference between iron and fteel, and - 


their tempers for magnetical ufes; He likewife dif- 
covered the proper way of touching magnetical needles; 


and of piecing and cementing of loaditones ; and alfa“ 
‘why a loadftone, being double-capped, mug take up fo . 


great a weight. 


* Barlowe dicd. in the year 1625.—His works are as 


= follow: ae : a 
“a, The Navigater’s Supply, 
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containing many things of ‘ 
principal importance belonging to Navigation, and ufc gf: 
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diverfe Inftruments framed chiefly for that purpofi. Lond. 
1597s 4to3 dedicated to Robert earl of Effex. 

2. Magnetical Advertifement, or Diverfe pertinent Ob- 
fervations and improved Experiments concerning the nature 
‘and properties of the Loadftons, Lond. 1616, 4to. 
» 3. A Brief Difcovery of the idle Animadverfions of - 
. Mark Ridley, M.D. spon a treatife entitled Magneticat 
Advertifements. Lond, 1618, 4to. : 

In the firft of thefe pieces, Barlowe gave a demon- 
ftration of Wright’s or Mercator’s divifion of the me- 
ridian line, as communicated by a friend; obferving 


~that « This manner of carde has been publiquely extant 


in print thefe thirtie yeares at leaft [he fhould have faid 
28 only}, but a cloude (as it were) and thicke mifte of 
ignorance doth keepe it hitherto concealed : And fo 
much the more, becaufe fomg who were reckoned fox 
men of good knowledge, have by glauncing fpeeches 
(but never by any one reafon of moment) gone aboat 
what they could to difgrace it.’” . 
This work of Barlowe’s contains defcriptions of feveral 
inftruments for the ufe of Navigation, the principal of 
which is an Azimuth Compafs, with two upright fights; 
and as the author was very curiousin making experiments 
on the loaditone, he treats well and fully upon the Sea 
Compafs. And he treated ftill farther on thefame inftru+ 
mentin his fecond work, the Magnetical Advertifement, 
BAROMETER, an inftrument for meafuring the 
weight or preffure of the atmofphere; and by that means 
the variationsin the ftate of the air, foretelling the changes 
in the weather, and meafuring heights or depths, &c. 
This inftrument is founded on what is called the Tor- 
ricellian experiment, related below, and commonly 
sonfifts of a glafs tube, open at one end; which being 
firft filled with quickfilver, and then inverted with the 
open end downwards into a bafon of the fame, the 
mercury defcends in the tube till it remains at about the 
height of 29 or 30 inches, according to the weight or 
preffure of the atmofphere at the time, which is jutt 
‘equal to the weight of that column of the quickiilver, 
Hence it follows that, if by any means the preffure of 
the air bealtered, it will be indicated by the rifing or 
falling of the mercury inthe tube ; or if the barometer 
be carried to a higher ftation, the quickfilver will dew 
fcend Jower in the tube, but when carried to'a lower 
place, it will rife higher in’the tube, atgording to the 
difference in elevation between the two places. 
Hiftory of the Barimeter About the beginning of the’ 
laft century, when the doétrine of a plenum was ia 
vogue, it was a common opinion among philofophers,’ 
that the afcent of water in pumps was owing to what 
they called nature’s abhorrence of a vacuum ; and that: 
thus fluids might be raifed by fudtion to any height 
whatever. Butan accident having jult difcovered, that’ 
water could not be raifed in a pump unlefs the fucker‘ 
reached to within 33 feet of the water in the well, it 
‘was conjectured by Galileo, who flourifhed about that 
time, that there might be fome other caufe of the afcent: 
of water in pumps, or at feat that this abhorrence 
“was limited to the finite height of 33 feet. Being® 
“unable to fatisfy himfelf on this head, he recommended 
the confideration of the difficulty to Torricelli, who had 
been hisdifciple. After fome time Torricelli fell upon’ 
the falpicion thatthe preffare of the atmofphere was the 
_anle of the afcent of water jn. pumps i that a column’ 
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of water $3 feet high was a juit counterpoilé to a cos 
lumn of air, of the fame bafe, and which extended up 
to the top of the atmotphere ; and that this was the crue 
reafon why the water did not follow the fucker any 
farther, And this fufpicion was foon after confirmed by 
. Various experiments. ‘Torricelli confidered, that if a 
column of water 53 feet high were a counterpoife to a 
whole column of che atmofphere, then a column of 
mercury of about 2 feet and a half high would alfo be 
a counterpoife to it, fince quickfilver is near 14 times 
heavier than water, and fo the «4th part of the height, 
or near 2 feet anda half, would be as heavy as the co- 
lumn of. water, his‘reafoning was foon verified; 


for having filled a gla{s tube with quickfilver, and in- - 


verted it into a bafon of the fame, the mercur prefently 
defcended till its height, above that in the bafon, was 
about two feet and a half, juft as he expected. And 
this is what has, from him, been called the Terricellian 
experiment. . 

The new opinion, with this confirmation of it, was 
readily acquiefced in by moft of the philofophers, who 
repeated the experiment in various ways. Others how- 
ever ftill adhered to the old doétrine, and railed feveral 
pretended objections againft the new one; fuchas that 
there was a film or imperceptible rope of mercury, ex- 
tended through the upper part of the tube, which fuf- 
pended the column o! mercury, and kept it from falling. 
into thatin the bafon;. . This and other objetions were 
however (oon overcome by additional confirmations of 
the true do&rine, particularly by varying the elevation 
of the place. It was hinted by Delcartes and Pafeal, 
that ifthe mercury be fuftained in the tube by the pref- 
fure of the atmofphere, by carrying it to a higher fitu- 
ation, it would detend lower in the tube, having a 
fhorter column of the atmofphtre to fuftain it, and vice 
verfa. And Pajcal engaged his brother-in-law, M. Pe- 
sier, to try that experiment for him, being more con- 
veniently fituated for that purpofe than he was at Paris. 

' This he accordingly executed, by obferving the height 
ofthe quickfilver in the tube, firit at the bottom of a 
mountain in Auvergne, and then at feveral ftations, or 
different altitudes, in afcending, by which it was found. 
that the mercury fell lower and lower all the way tothe 
top of the mountain ; and fo confirming the truth of the 
dodtrine relating to the univerfal preflure of the atn:o- 
Sphere, and the confequent fufpenfion of the mercury in 
the tube of the barometer. Thus, by the united en- 
deavours of ‘Torricelli, Defcartes, Pafeal, Merfenne, 
Haygens, and others, the caufe of the fufpenfion of the 


quickfilver in the tube of the barometer, became pretty * 


generally eftablithed. . 
Ji was fome time however after this general confent, 
before it was known that the preflure of theair was va- 


vious at different times, in the fame place. ‘This could 
not however remain long unknown, as the -frequent., 


meafuring of the column of mercury, matt foon thew 
us variations inaltitude ; and experience and obfervation 
would prefently fhew that thofe variations in the mer- 


curial column, were always fucceeded by certain changes ~ 


in the weather, as to rain, wind, frofts, &c. Hencé this 
inftrament foon came inte ufe as the means of foretell~ 
ing the changes of the weather ; and on this account it 
ebtained the name of the weather-gla/s, as it did that of, 
farometer frouy its being the meaiure of the weight ox. 
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7 preffare of the air. We may now proceed to take.a. 


BA:R- 


View of its various forms and ufes. 

The Common Barometer: This is reprefented at fig. 1, 
plate iv, fuch as it was invented by Torricelli... AB is 
a glafs tube, of 3, or 4, or 4 inch wide, the more the -, 
better, and about 34 inches long, being clofe at the top 
A, and the open end B immerfed in a bafon of quick« 
filver CD, which is the better the wider it is. ‘I'o fill . 
this, or any other barometer; take a clean new glafe ~ 
tube, of the dimenfions as above, and pour into it well 
purified quickfilver, with a fmall funnel either of glafs 
or paper, in a fine continued ftream, till it wants about 
half an inch oran inch of being full; then ftoppiag it 
clofe with the finger, invert it flowly, and the air in 
the enrpty part will afcend gradually tothe other end, 
colleGing into itfelf fuch other {mall air bubbles as un- 
avoidably get into the tube among the mercury, in fill- , 
ing it with the funnel: and this continue to invert it 
feveral times, turning the two ends alternately upwards, |, 
till all the air-bubbles are colleéted, and brought up to. 
the open end of the tube, and when the part filled thall 
appear, without fpeck, like a‘fine polithed fteel rod. 
This done, pour in a little more quickfilver, to fill the 
empty part quite full, and fo exclude all air from the 
tube: then, ftopping the orifice again with the finger, 
invert the tube, and immerfe the finger and end, thus- 
ftopped, into a baton of like purified qeeies in this. 
sir withdraw the finger, fo hall the mercury de- 
cend in the tube to fome place as E, between 28 and 
31 inches above that in the bafomat F, as thefe are the 
limits between which it always ftands in this country on. 
the common furface of the earth. Then meafure, from 
the furface of che quickfilver.in the bafon at F, 28 inches. 
to G, and 31 inches to H, dividing the fpacé'between. _ 
them into inches and tenths, which are marked ona 
feale placed againf the fide of the tube; and the ienths. 
are fubdivided into hundredth parts of an inch by a 
fliding index carrying a vernier or nonius, Thete 3 
inches, between 28 and 31, fo divided, will anfwer fur 
all the ordinary purpofes of a itationary or chamber ba~ 
rometer ; but for experiments on altitudes and depths, 
it is proper to have the divifions. carried on a little 
higher up, and a great deal lower down, In.the proper 
filling and otherwife fitting ap of the barometer, {everab 
Circumitances are to be carefully noted; as, that the 
bore of the tube be pretty wide, to allow the freer mo~ 
tion of the quickfilver, without beiag impeded by an 
adhefion to the fides; that the bafon below it be alfo 
pretty laxge, in order that the furface of the mercury at 
F may not fenfibly rife or fail with that im the tube;, 
that the bottom of the tube be cut off rather obliquely, 
that when it refts on the bottom of the bafon there may: 
be a free paflage for the quickfilver ; and that, to have: 
the quickGlver very pure, it is be to beil it in the 
tube, which will expel all the air from it. ‘This baro- 
meter is commonly fitted op in a neat. mahogany. ¢:.fe, 
together with a thermometer and hygrometer, as repre= 
fented in plate 4, fig. 13. 

As the [cale of variation is but {mal}, being included 
within. 3 inches in-the common barometer, feveral con- 
trivances have been. devifed to enlarge the fcale, or to: 


~ render the motion of the quickiilver more fenfible,. 


Defcartes firit fuggefted a method of increafing the 
fenfibility, which was executed by Huygens. This 
- Bho 
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was effected by making the barometrical tube end in a 
pretty large cylindrical veffel at top, into which was 
inferted alfo the lower or open end of a much finer tube 
than the former, which was partly filled with water, to 
' give little obftraction by its weight to the motion of 
the mercury, while it moved through a pretty long 

{pace of the very fine tube by afmall variation of the mer- 

_ cury below it, and fo rendered the {mall changes in the 
flate of the air very fenfible. But the inconvenience was 
this, that the air contained in the water gradually dif- 
engaged itfelf, and efcaped through into the vacuam in 
the top of the {mall tube, till it was collected in a body 
there, and by its elafticity preventing the free rife of the 
fluids in the tubes, fpoiled the inftrument as a baro- 
meter, And this, it may be obferved by-the-bye, is 
the reafon why a water barometer cannot fueceed. This 
barometer is here reprefented in fig. 2, where CD is 
the veffel, in which are united the upper or {mall water 
tube AC, with the lower or mercuria! one CB, 

* ‘To remedy this inconvenience, Huygens thought of 
placing the mercury at top, and the water at bottom, 
cwhich he thus contrived. ADG (fig. 3) is a bent tube 
hermetically fealed at A, bat open at G, of about one 
line in diameter, and paffing through the two equal cy- 
Vindrical veffels BC, EF, which-are about 20 inches 
apart, and of 16 lines diameter, their length being 10. 
_ The mercury being put into the tube, will land between 
the middle of the veffels EF and BC, the remaining 
space to A being void both of air and mercury. - Lally, 


conimon water, tinged with a 6th part of aqua regis, tor” 


prevent its freezing, is poured into the tube FG, till ie 
‘sifes a foot above the mercury in DF.~ ‘To prevent the 
water from evaporating, a drop of oil of {weet almonds 
floats on the top of it, But the column of water will 
-be fenfibly afleéted by heat and cold, which fpoils the 
accuraey of the inftrument.': For which reafon other 
contrivances have been made, as below. « sa 
* The Horizontal or ReGanguler Barometer, fig. 4, was 
invented by J. Bernoulli and Caffini; where AB is a 
pretty wide cylindrical part at the top of the tube, which 
stube is bent at right angles at C, the lower part of it. 
“M0D. being turned into the horizental direction, and 
“clofe above dt A; but open atthe lower end D, where 
showever the mercury cannot run out, being there op- 
spofed by the preffure of the atmofphere. This and the 
foregoing contrivance of Huygens are founded on the 
‘zheorem in hydrottatics, that Quids of the fame hafe 
“prefs according to their perpendicular altitude, ‘not ac~: 
“cording to the quantity of their matter; fo that the 
‘tame preflure of the atmofpherg fuftains the quickfilver 
sthat fills the ube ACD, and the ciltera B, as would 
*4ypport the mercury in the tube alone. Hence, having 
fixed upon the fize of the {eale, as fuppofe the extent of 
“4g inches, inftead of the 3, in the common barometer 


“from 28 to 31, that is 4 times as long ; then the area~” 


‘ef a fection of the cylinder AB mutt be 4 times ‘that of 
rthe tube, and confequently its diametes double, fince the 
-aveas of circles are as the fquares of their diameters? 
then for every natural variation of an inch in the cylin- 
der AB, there will be a variation of four inches in the 
tube CD,—But on account of the attrition of the mer- 


mentum from the quick motion in CD, the quickfilver 
“is aptto break, and the rite and fall is no longer equa- 
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“bles and befides, the mercury is apt-to bé thrown out’. 
of the orifice at D by fudden motions of the machine. 
+. The Diagonal Barometer of Six Samuel Moreland, 
fig. 5, is another method of enlarging the natural {cale 
of three inches perpendicular, or CD, by extending it © 
to any length BC in an oblique direGtion, Thisis liable. 
in fome degree to the fame inconvenience, from friction - 
- and breaking, as the horizontal one: and hence it is ° 
found that the diagonal part BC cannot properly be ° 
bent from the perpendicular more than in an angle of ~ 
45°, which only increafes the fcale nearly in the pro- ~ 
= -portion of 7 to 5. . 
Dr. Hook's Wheel Barometer, fig. 6.. This was in-* 
-.yented about 1668, and is meant to render the altera- 
tions in the air more fenfible. Here the barometer tube ” 
has a large ball AB at top, and is bent up at the lower.’ 
or open end, where an iron ball G floats en the top of 
the mercary in the tube, to which is connected another * 
-_ ball H by a cord, hanging freely over a pulley, turning’ * 
can index KL about its centre. When the mercury rifea " 
in the part FG, it raifesthe ball, and the other ballde-" 
fcendsand turns the pulley with the index round a gra-* 
-duated circle from N towards M and P; and the cone - 
-trary way when the quickfilver and the ball fink in thé* 
bent part of the cube. Hence the {caleis eafily enlarged 
“10 or 12 fold, being increafed in proportion of the axis: 
.of the pulley to the length of the index KL, But then 
, the friétion of the pulley and axis is {ome obftruétion ta’ - 
the free motion of the quickfilver. Conttivances to 
defen the fri€tion &c, may alfo be feen in the Phil/. © 
Trargf. vol. 52, art. 29, and vol. 6o. art. 10. ian, 
<The Steelyard Barometer, for fo that may bercalled 
‘which is reprefented by fig. 7, which enlarges the fcale 
in the proportion of the fhorter to the longer arm of a 
ifteelyard., AB is the barémeter tube, clofe at A and 
open at B,,immerfed in a cylindrical glafs ciftern CD, ~ 
.ewhich is but very little wider than the tube AB is. The 
barometer tube is fufpended to the fhorter arm of an in+ 
“dex like a fteelyard, moving on the fulcrum E, and the 
extremity of its longeft arm pointing to the divifions of 
ja graduated arch with which index the tube is near! 
in equilibrio.. When the preffure of the atmofphere is * 
=Jeffened, the mercury defcends out of the tube into the 
ciftern which raifes the tube and the fhorter arm of the 
cindex, and confequently the extremity of the longer 
moves downwards, and paffes over a part of the grat 
duated arch, Andon the contrary this moves upwards 
when the preffare of the atmofphere increafes. : 
- The pendant Barometer, fig. 8, was invented by M. 
 Amontons, in 1695. It confifts of a fingle conical tube 
_ AB, hung up by a thread, the larger or open end down~ . 
wards, and having no veffel or ciftern, becaufe the coni- 
-cal figure fupplies that, and the column of mercury fuf- * 
tained is always equal to that in the common barometer 
tube; which-ts effeted thus; when the preffure of the 
air is lefs, the mercury finks down to a lower and wider 
part of the tube, and confequently the altitude of ite: 
. column will be lefs; and on the contrary, by a greater 
-. preffure of the atmofphere the mercury is forced up to a ° 
“+ higher and narrower part, till the length of the columa 


y 


: CD be equal to that in the tube of the common ba. 
scury againft the fides of the glafs, and the great mo-° 


. rometer.—T he inconvenience of. this barometer. is, - 
that.as the bore muft be made very fmall, to prevent ' 
. the mercury from falling out by ap accidental fhake, the | 
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fidtion and adhefion to the fides o! 
the free motion of the mercury, 
Mr. Rowning’s Compound Barometers. T' 


F the tube prevent 


his gentle-. ; 


man has feveral contrivances for ewlarging the feale, and: 


that in any proportion. whatever. One of thefe is 
defcribed in the Philof: Tranf. N° 427, and alfo in his” 
Nat. Pbilof. part 2; and another in the fame part, © 
which is here reprefented at fig. g. ABC is acom- 
pound tube, hermetically fealed at A, and open at C ;- 
empty from A to D, filled with mercury from thence to’ 
B, and from hence to E with water. Hence by varying 
the proportions of the two tubes AF and FC, the {cale~. 
Of variation may, be changed imany degree. erik 
The Marine Barometer, This was firlt invented ‘by’ 
Dr. Hook, to be ufed on board of thip, being con-.: 
teived fo as not to be affected or injured by the motion 
of the fhip. His contrivance confifted of a double 
thermometer, er a couple of tubes half filled with 
« fpirit of wine; the one fealed at both ends, with a. 
quantity of air included ; the other fealed at one end 
only. The former of thefe is affe&ed onlv by the 


warmth of the air; but the ether is affected both by *. 


the external warmth and by the variable preffare of the 
atmofphere. Hence, confidering the {pirit thermome- 
tor as a ftandard, the excefs of the rife or fall of the 
ether above it will thew the increafe or decreafe of 
the preffure of the atmofphere. This iuftrument is 
defcribed by Dr. Halley, in the Philof: Tranf. N° 269, 
where he fays of it, ‘I had ene of thefe barometers 
“with me in my late fouthern voyage, and it never failed / 
to’ prognofticate and give early notice of all the bad 
weather we had, fo that I depended thereon, and’ 
made provifion accordingly; and from my own ex- 
perience 1 conclude, that a more ufeful contrivance hath’ 


not for this long time been offered for the benefit of -. 


* mavigation.™ +. 5 i ark 
Mr. Nairne, an ingenious artift in London, has lately 
favented a new kind of Marine Barometer ; which dif- 
fers from the common barometer by having the lower 
part of the tube, for about 2 feet long, made-very 
imall, to check the vibrations of the mercury, which 
would otherwife arife from the motions of the thip, 
This is alfo affited by being hung in gimbals, by a 
part which fubjedts it to be the leaft afiected by fuch 
motions. hs wr OE 
Another fort of Marine Barometer has alfo been” 


“invented by M, Paffemente, an ingenious artift at Paris, 


‘This contrivance confitts only in twifting the middle of ~- 


the tube into.a fpiral of two revolutions; by which 
‘contrivance the impulfes which the mercury receives 
‘from the motions cf the'fhip are dettr 
tranfmitted in contrary dire€tions.: © ~ a? 
The Statical Barofcoge, or Barcmeter; of Mr. Boyle, 
&c. This confifts of a large glafs bubble, blown very 
thin, and then balanced by a fmall brafs weight. Hence 
thele two bodies -being of unequal bulk, the largex will. 
be very much affected by a change of the denfity of the 
medium, but the lefs not at all as to fenfe<. So that,: 
. avhen the atmofphere becomes denfer, the ball lofes 
thore of its weight, and the brafs weight prepende-" 
rates ; and contrariwife when the air grows lighter. 
Mr. Cafwel?s Barofeope, or Barometer. This is de-— 
feribed in the Phil. Tranf. vol. 24, and feems te be 


the moft fenfible and. exatt-of any. 1¢ isthus defcribed : =- 
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‘oyed, by being 
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“which is the barofcope xrezyo/m, which confifts of 


a body xrfm, and a tube exyo, which are both cons 


cave cylinders, made of tin, or rather gla(s, and ‘coms 
municating with each other. ‘The bottom of the tube 


“xy has a leaden weight to fink it, fo that the top of 


the body may jut fwim even wich the furface of the 
water by the addition of fome grain weights on the 
top. When the inftrament is forced with its moutll 
-downwards, the water afcends into the tube to the height 
yu To the top is added a {mall concave cylinder, or 


: pipe, to keep the inftrument from finking down to the 


bottom: mdis a wire: and mS, de are two threads 
oblique to the farface of the water, which perform the 
office ef diagonals: for while ‘the inftrament finks 
more or lefs by an alteration in the gravity of the air, 
where the furface of the water cuts the thread is formed 
a {mall bubble, which afcends up the thread while the 
aaa of thecommon barofcope afcends, and vice 
veria. aoe ¢ ™ 
It appears from a calculation which the author makes, 
‘that this inftrument fhews the alterations in the air 1200 
times more accurately than the common barometer. 
He obferves, that the bubble is feldom known to ftand- 


“Rill even for a minute; that a {mall blaft of wind; 


which cannot be heard in a chamber, will fenfibly make. 
it fink ; and thata cloud paffing over italways makes ie 
defcend, &c. 

White fome have been -increafing the fenfibility of 


: the barometer by enlarging the variations, others have, 


endeavoured to make it more convenient by reducin 
the length of ‘the tube..- M. Amontons, in 1688, fr 
propotee this alteration in the flru€ture of barometers, 
y joining feveral tubes to one another, alternately © 
Ailled with mercury and with air, or fome other fluid » 
and the number of thefe tubes may be increafed at plea- 
sfare: but the contrivance is perhaps more ingenious 
than ufetul. . iv 
M. Msiran’sreduced Barometer, which is only 3 inches 
dong, ferves the purpofe of a manometer, in fhewing the 
‘dilatations-of the air in the receiver of an airspump 3 
and inftruments of this kind are now commonly ap> 
plied to this ufe, : : 


~« The Portable Barometer, is fo contrived that it may 


-be carried from ore place to another without being 
difordered. The end of the tube is tied up in a lea~ 
thera bag not quite full of mercury; which being pref+ 
fed by the air, forces the mercury into the tube, and 
‘keeps it fufpended at its proper height. This bag is 
sufually-inclofed in a box, through the bottom of which 
pafics a {crew, ky means-of which the mercury may be 
forced up to the top of the tube, and prevented front 
“breaking it by dafhing again& the top when the inftra- 
»ment is removed from one ftation to another. It feems 
Mr. Patrick firft made a contrivance of this kind: but 
the poytable ‘barometer hag received various improves 
-ments fince; and the mof complete of this. kind -ha- 
been deferibed by M. De Luc, in his Recherches, vol. 25 
pa. 5 &c, together with the apparatus belonging to, it, 
‘the method of conftradtion and ufe, and the advantages 
“attending it. Improvements have alfo been fuggelied 
by Sir George Shuckburgh, and Col. Roy, which have 
‘been éarried into execution, with farther improvements’ 


“-alfo, by Mr. Ramfden, and other ingenious artis in 


’Lendon. : 
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Fig ar feprefents this inftrument, as inclofed in its 
mahogany cafe by means of three metallic rings ¢ aa. 
“'Lhis cafe is a hollow cone, fo-fhaped within aa to contain: 
fleadily the body of the barometer, and is divided into 
_ three branches from 3 to-c, forming three legs.or fup- 
ports for the inftrument when obfervations are making). 
aod fuftaining it arthe part dof the cafe, as.it-appears 
in Fig. 12, by an improved kind of gimbals, in which. 
its own weight renders. it fufficiently fteady at any 
tance. In the part of the frame fg wheze the barome- 
“ver tube appears, is made a long flit or opening, that 
the column of mercury may be (een-againit the light, 
and the vernier piece f brought down. to coincide very 
nicely with the edge of the-mercary. When the ia- 
firumens is-fixed in its ftand, the {crew / is to-be turaed 
to fet the mercury down to its proper ftation, and'a peg 
ati mult be loo‘ened, to admit the external air to a& 
apon the mercury contained in the box & - The proper 


adjustment, or-mode of obfesving what is called the xera. 


or adivifioa of the column of mercury, is by obferving 
i in the tranfparent part of the box &, which has.a 
giafs tube or refervoir for the quicklilver, and an-edged 
piece of. meta! attached co the externa) part oft it; with 


the edge of which the mercury is to be brought into- 


contact by turning the ferew./to the right or left as-oc- 
cafion requires. “Phe vernier piece at 4 which deter- 
mines the altitede of the mercurial column, is firft 
brought down by the hand to a near contact, and then 
accurately adjated by. turning the ferew ¢ at the top. 
. ‘Phe divifions annexed to the tube of this inflrument: 
may be of any fort,.or of any degree of finallnef, ac-- 
garding to the purpofes itis intended to ferve, Toac- 
gommodate it to the ule of foreigners as well as natives, 


Bere are commonly added f{caies of both French and: 


Englih inches with their fubdivifions to any extent re- 
quired, It is ufual to place-the French feale of inches 
on the right fide at / g, from 1g,ta 31 inches,,.meafured 
tom, the zero or furface of the mercury in the box & be- 
lew 5 cach inch. being divided into lines or 12th parts, 
and cach tine fal divided by the vernier into 10th parts, 


er 20th part: of inches ; by means of which therefore- 


the length of the mercurial column may. be determined 
to the 120th. part of a French: iach. 
which is place on the left fide of the initrument, is di- 


vided, into Englith inches, and each inch into zoth parts,, 


which by a, vernier are fubdivided into 25th. parts, 
er sooth parts of. inches; by this. means’ fhewing the 
height of the mercury to the sooth part of an Englith 
ach. But this vernier is figured double or each divifion 


i accounted 2, which reduces the meafures to 1900ths. 


of an inch for. the conveniency of calculation, in mea- 
Guring altitudes of hills &c. ‘ eae 

A thermometer. is always artached tothe inftrument, 
as a neceflary appendage to it, being faftened to the 
body at 4, and funk into the furface of the frame, to 


Preferve it from injary; the degrees-of this-thermo-- 


meter are- marked on two {cales, one on each fide 
of it, viz. the feale of Fahrenheit, and that of Reaa. 
mor ; the freezing point of the former being at 32, and 
of the Jatter ato. 
two feales there is a third, called a-feale of carreétion, 
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‘The other. feale,. 


Alfowon the right hand fide of thefe. « 
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placed oppofitely to that of Fahrenheit, with the word 

add and febirad marked; which fhews the neceflary - 
correction of the obferved altitude of the mercury at 

any given temperature of the ain, indicated by: the 

thermometer. 

There are feveral other pieces of mechanifm about the 
inftrument which wili be evident by infpettion ;.and the 
manner of making the obfervations, with the necefiary 
calculations, are fully explained in M. de Luc’s Rechercher 
Sfavles Modifications de 2 Atmofphere, and the Philof, Tranf.: 
vol. 67 and 68, before cited. 

The Common Chamber Weatherglafs, is alfo ufually: . 
fitted up in a neat mahogany frame, and other embel- 
lithmemts, to. make it an.ornamental piece of furniture, 
It confifts of the common tube barometer, with a ther~= 
mometer bythe fide of it, and an hygrometer.at the top,. 
as exhibited in fig. 135 ‘ : 

"Fo the foregoing may. be added. a new fort of Ba-. 
rometer, ot Weather Inflrument by the Sound of a Wires. 
This is mentioned by M. Lazowfki in his tour through, 
Switzerland: irisas yet but.in an imperfeét ftate, ands 
was lately difcovered there by accident... It feems that. 
aclergyman, though near-fighted; often amufed himfelf: 
with firing at a mark,-and contrived to ftretch a wirey 
fo-as to draw the mark to-him to fee how he had aimed., 
He obferved. that the wire fometimes founded as if itz 
vibrated like-a mofical cord ;.and that after fuch found; 
ings, achange always enfued in.the {tate of the atmo-, 
fphere ;: from whence he came to predict rain or fine 
weather,. On making farther experiments, it was. 
found that the founds were moft difting when extended - 
in the plane of the meridian, And according to the 
weather which was. to. follow,. it was found that the; 
founds were more or lefs foft, or more or lefs continued 5... 
alfo fine weather; it is faid, was.announced by the tones, 
of counter.tenor,,and rain by thofe of bafs, It has, 
been faid that M. Volta. mounted 15 chords in this., 
way at Pavia, to bring this method to fome:precifions. 
bat no accounts have yet appeared of the fuccefs of his. 
obfervations.- . * Cee : 

The Phanomena and Obfervations of the. Barometer *® ,., 
The phanomena of the barometer. are various; but: 
authors are not yet agreed upon the canfes of them ;, 
nor is the ufe of it, asa weather-glafs, yet perfectly, 
afcertained, though daily.obfervations and experience: 
Jead us ftill nearer, to precifion. Mr. Boyle obferves 
that the phenomena of the barometer.are fo precarious,:. 
that: it is exceedingly difficult to form any. certain ge-- 
neral rules concerning the rife and fall.of the mercury., 
Even that rule fails which feems to hold the moft gene~ 
sally, viz. that the mercury is low.in high winds. Ther. 
bef rules however that have been deduced by feveral. 
authors are as follow. : : 

Dr. Halley's Rules for judging of the Weather, , 

1. In calm weather, when the air is inclined to rainy, 
the mercury.is commonly low. - : ay A 

2. In ferene, good,.and fetiled.weather, the mercury: 
is generally high. 

3- Upon very-great winds, though they be notaccom> 
panied ‘withrain, the.mercury finks lowett of all, accord-- 
ing to the point of the-compafs the wind blows from,. 


: * An ingenious author obferves that, by means of ‘bsrometers.we may-regain the knowledge that Milf refides, 
inbrutes, and which we forfeited by not continuing in:the open air, as they moftly. do; and, by our intemperances., 


corrupting the crafis of our organs of ieafe, 
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-4 The greateft heights of the mercery are. found 
upon eafterly or north-ealterly winds, other circum- 
‘flances alike. Hy ‘ “ - 

5. In calm frofty weather, the mercury commonly 
ftands high. : 

6. After very great Rorms of wind, when.the mer- 
rat has been very low, it generally rifes again very 
fat. i , : 

_ . 7. The more northetfy places have greater altera- 
tions of the barometer thas the more foutherly, near 
the equator. 2 , 

’ 8. Within the tropics, and near them, there is Tittle 

or no variation of the barometer, in all weathers. For 

Ainftance, at St. Helena it is little or nothing, at Jamaica 
+ 3-toths of an inch, and at Naples the variation hardly 


. ever exceeds an inch; whereas in England it amounts 


to z inches and a-half, and at Peterfburgh to 34 nearly, 

Dr Beal, who followed the opinion of M. Pafcal, 
obferves that, ceteris paribus, the mercury is higher in 
cold weather than in warm: and in the morning and 
evening ufually higher thaa at mid-day.—That in 
fettled and fair weather, the mercury is higher 
than either a little before or after, or in the raing 
and that it commonly defcends lower after rain than it 
was before it, And he afcribes thefe effects to the 


is seg with which the air is charged in the former 
ea 


fe, and which are difperfed by the falling rain in the 
latter. If it chance to rife higher after rain, it is ufu- 
ally followed by a fettled ferenity. And that there are 
often great changes in the air, without any perceptible 

- alteration in the barometer, 

Mr Patrick's Rules for judging of the Weather, 
ae are efteemed the beft of any general rules hithertp 
made: - 

1. The rifing of the mercury, prefages, in general, 
fair weather ; and its falling, foul weather, as rain, 
fhow, high winds, and ftorms. BM : 

2. Invery hot weather, the fallingof the mercury 
indicates thunder. 3. hat aut 

3. In winter, the ay prefages fro; and in frotty 
weather, ifthe mercury falls 3 or 4 divifions, there will 

<ertainly follow a thaw. But in a continued froft, if 
the mercury rifes, it will certainly fnow. : ™ 

4. When foul weather happens foon after the fall, 
ing of the mercury, expe@ but little of it; andon the 

contrary, expect but little fair weather when it proves 
fair fhortly after the mercury has rifén. : 

5. In foul weather, when the mercury rifes much and 
high, and fo continues for z or g days before the foul 
weather is quite over, then expect a continuance of 
fair weather to follow. ~ : > le 

6. In fair weather when the mercury falls much and 
low, and thus continues for 2 or 3 days before the rain 
comes; then expect a great deal of wet, and probably 
high winds, Lo : 

7. The unfettled motion of the mercury, denotes 

, uncertain and changeable weather. ra. Vig 

8. You are not fo itri@ly to obferve the words en- 
graved on the plates, as the mercury’s rifing and fall- 
ing; though in general it will agree withthem. For 


» afit ftands at much rain, and then rifes up to changeable,” 


it prefages fair weather; theagh not to continue fo 


dong as if the mercury had rifen higher. And fo, on™ 
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: fign of fair weather. 
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the contrary, if the mercury flood at fair, and fails to 
changeable, it prefages foul weather; though not fo 
much ofit as if it had funk lower. , 

Upon thefe rales of Mr Patrick, the following Re- 
marks are made by Mr Rowning. That it is not fo 
much the abfolute height of the mercury in the tube 
that indicates the weather, as its motion up and down: | 
wherefore, to pafs a right judgment of what weather 
is to be expected, we ought to knew whether the mer- 
‘cary is aCtually rifing or falling ; to which end the fol- 
lowing rules are of ufe. 

a. If the furface of the mercury is convex, ftanding 
higher in the middle of the tube than at the fides, it 
is a fign that the mercury is then rifing. 

2. Bat if the furface be concave, or hollow in-the 
middle, it isthen finking. And, 

3. If.it be plain, or rather a very little convex, the 
mercury is ftationary: for mercury being put into « 
gilafs tube, efpecially a {mall one, naturally has its fur~ 
face a little convex, becaufe the particles of mercury. 
attraét one another more forcibly than they areattract- 
ed by glafs. © Farther, n 

4. Ifthe glafs be fmall, fhake the tubes then if the 
air be grown heavier, the mercury will rife about half a 
roth of an inch higher than it ftood before; but if ic 
be grown lighter, it will fink asmuch, And, it may be 
added, in the wheel or circular barometer, tap the in- ° 
ftrament gently with the finger, and the index will viy 
fibly ftart forwards or backwards according to the . 
tendency to rife or fall at that time. This proceeds 
from the mercury’s fticking to the fides of the tube, 
which prevents the free motion of it till it be difen- 
gaged by the fhock: and therefore when an obferva- 
tion is to be made with fuch a tube, it ought to be firit 
fhaken; for fometimes the mercury will not vary of its 
own accord, till the weather is prefent which it ought 
to have indicated. 

And to the foregoing. may be added the following 
additional rules, more accurately drawa from later 
and more clofe obfervation of the motions of the ba- 
rometer, and the confequent changes in the air in this 
country. ; 

1. In winter, {pring, and actumn, the fudden fall- 
ing of the mercury, and that fora large f{pace, denotes 
high winds and florms; but in faanmer it denotes 
heavy thowers, and often thunder ; and it always finks 
Joweft of all for great winds, though not accompanied 
with rain ; though it falls more for wind and rain toge~ 
ther than for either of them alone. Alfo, if, alter 
rain, the wind change into any part of the north, with 
a clear and dry tky, and the mercury rife, it isa certain 

: & 

2. After very great ftorms of wind, when the mer= 
eury has been low, it commonly, rifes again very fait, 
In fettled fair and dry weather, ‘except the barometer 


“fink mach, spect bat little rain; for its fmall finkin 
. then, is only ‘ 
and the mercury foon rifes again to its former ftation. 


or a little wind, or a few drops of rains 


Ina wet feafon, fuppofe in hay-time and harveit, the 
fmalleft finking of the mercury mut be minded; for 
when the conftitution of. the. air is much inclined to 
fhowers, 2 little finking in the barometer then denotes 
more rain, as it never then flands very bigh. And, if 
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iw fach’a feito it rife Teddenly, very fatty and high, 
expect not fair weather more than a day or two, but ra+ 
ther that the mercury will fall again very foon, and 
rain immediately to follow: the flow gradual rifing, 
and keeping on for 2 or ydays, being moft to be de- 
pended on for a week’s fair weather, And the unfet- 
tled flate of the quickfilver always denoting uncertain 
and changeable weather, efpecially when the mercury 
ftands any where about the word chanzeable on the 


- feale. 


_ 3. The greateft heights of the mercury, in this caun- 
try, are found upon eaiterly and north-eafterly winds; 
and it may often rain or fnow, the wind being in thefe 
points, and the barometer fink little’ or none, or it 
may even be ina rifing fate, the effect of thofe winds 
counteraéting. But the mercury finks for wind, ‘as , 
well'as rain, in all the other points of the compafs; 
bet rifes’as the wind thifts about to the north or eaft, 
or between thofe points: but if the barometer fhould 
fink with the wind in that quarter, expeé it foon to 
‘change from thence; or elfe, fhould the fall of the 
mercury be much, a heavy rain is then likely: to enfae, 
as it fometimes happens, . 
Caufe of the Phenomena of the Barometer. 

To. account for the foregoing ‘eae of the 
barometer, many hypothefes have been framed, which 
may be reduced to two general heads, vize mechanical 
_ and chemical. ‘Tne chief writers upon thefe caufes, are 

Pafeal, Beal, Wallis, Garcin, Garden, Lifter, Hal-* 

‘ley, Garften, Da la Hire, Mariatte, Le Cat, Wood-* 
ward, Leibnitz, De Mairan, Hamberger, D. Bernoulli, 

Mufchenbrboek, Chambers, De Luc, Black, &c.; and 

an-account of moft of their hypothefés may be 

feeu at large in M. De Luc’s Recherches fur les Ma- 
difications de P Atmefphere, vol. 1. al 33 fee alfo the 

‘Philof. Tranf. and variéus other works on this fubjec. 

As may. foffice to notice hese fighily a few of the prin- 

“eipal of them. ak = ; 
Dr. Lifer accounts for the changes of the baro- 
-neter from the alterctions by hear and cold in the 
‘mercury itvelf; contraéting by cold, and’ expanding 
‘by heat. But this, itis now well known, is quite in- 
Auficient to account for the whole of the effedt. va 

‘ "The changes in the weight or preftire of the: at-- 

mofphere muft therefore be regarded as the principal. 

caufe of thofe in the barometer. But then, the difi-" 
ccolty wilk be to affign the caufe .of that caufe, or = 
whened arife thofe alterations that take place in. the 
atmofphere, which are fometimés fo great as to alter’ 
“ts pretlure by the roth part of the whole quantity. 

dtis probable that the winds, as driven about in.differ-" 
ent direétions, have a. great thare in them ;. vapours 

and exhalations,.rifing from the earth, may alfo have 

fome thare; and fome perhaps the flux and reflux oc-~ 
cafioned in the air by the moon; as well as fome 

chemical caufes operating between the different parti-” 

cles of matter. 5 

Dr. Halley thinks the winds.-and exhalations fufi-_ 
cient; and on this principle gives a theory, the fub- 
_fance of which may be compriled in what follows: ° 

af, ‘That the winds muft alter the weight of the 
air im any particular country; and this, either by 
bsinging.togethera greater quantity of-air, and fo load~ " 
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-'with it, make the weather ferene and fair. 
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fig the atmofphete of any“ place's which will be the 
‘¢afe as often as two winds blow from oppofite parts, 
atthe fame time, towards the fame point: or by {weep- © 
ing away fome part of the air, and giving room for 
the atmofphere to expand itfelf; which will happen’ 
when two winds blow oppofite ways from the fame 
point at the fame time: or laftly by cutting off the 
perpendicular preffure of the air; which is the cate 
when a fingle wind blows briskly any way 5 it being ~ 
found by experience, that a ftrong blait of wind, even” 
made by art, will render. the atmofphere lighter; and 
hence the mercury in a tube below it, as well as in 
ethers more diftant, will. confiderably fubfide. See. 
Phibf. Tranf. No. 29% 2 > scree ene Sa 
__ adly, That the cold nitrous particles, and even the ~ 
air itfelf condenfed in the northern regions, and driven 
elfewhere, muit load the atmofphere, and increafe its. 
preffure. ; 

3dly," That heavy dry exhalations from the eartlis 
mutt increafe the weight of the atmofphere, as well as - 
its elaflic force; as we fitd the fpecific gravity of 
menftraums increafed by diffolved {alts and metals. 

athly, That the air being rendered heavier by. thefé- 
and the like caufes, is thence better able to fupport 
the vapours;. which being likewife intimately mixed 
Again,, 
the air being made lighter from the contrary cates 
it becomes unable to fapport the vapours with which. 
it is replete; thefe therefore precipitating, are colleét- - 
‘ed into clouds, the particles of which in their progrefs. 
unite into dropsofrain, © % 

Hence he infers, it ig evident that the fame caufes: 
‘which increafe the weight of the air, and render it 
more able to fupport the mercury in the barometer, 
‘do likewife produce a ferene tky, and a dry feafon 5: 
‘and'that, the fame caufes which render the air lighter,, 
and lefs able to fapport the mercury; dd likewile ge~ 
nerate clouds and rain, ; 

But thefe principles, though. welt adapted to manyy' 
of the particular cafes of the barometer, feem how-. 
ever ta fat fhort of fome of the principa} and mof 
obvious ones, befides being liable to feveral objections: 

Leituitz accounted for the fatl‘of the. mercury be-. 
fore rain by another principle, viz. That asa body, 
fpecifically lighter than a fluid, while ic is fulained by. 
it, adds more weight to that fluid than when, by be-- 
ing reduced in bulk, it becomes fpecifically heavier; . 
and deitends; fo the vapour, after. it is reduced into 
the form of clouds, and defcends, adds lefs weight to. 
the air than it did before; and hence the mercury 
finks in the tube—But here, granting that the drops 
of‘rain formed from the vapours always increafing in 
fize as they fall lower, were continvally accelerated 
-alfe in-theit motion, and fo the ait faffer a continued 
lofs of their. weight as they defcend; it may however 
be objedted;: that by the defcent of the mercury the- 
rain is foretold a much longer ‘time before it comes;. 
than the vapour.can be fappofed to take up in falling x 
that many times, and in different places, there falls a 


“great deal of rain, without any finking of the mer- 
-eury atall; as alfo that there often happens a fall of. 


the mercury without any rain enfuing: and that fome- 
times the-mercury will fuddenly-fink, in a fhort a 
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of time, half an inch er more, which anfivers to 7 
inches of rain, or about one third of the whole quan- 
tity falling in the whole year. ; 
Mr. De Luc fappofes that the changes obferved in 
the prefflure of the atmofphere, are chiefly produced 
by the greater or lefs quantity of vapours floating in 
it: as others have attributed them to the fame caufe, 
but have given a different explanation of it. His opi- 
nion is, that vapours diminifh the fpecific gravity, and 
confequently the abfolute weight, of thofe columns of 
the atmofphere into which they are received, and 
which, notwithfanding this admixture, ftill remain of 
the fame height with adjoining columns that confift of 
pure or dry air, He afterwards vindicates and more 
fully explains this theory, and applies it to the folution of 
the principal phenomena of the barometer, as depending 
on the varying denfity and weight of the atmofphere. 
Dr. James Hutton, in his Theory of Rain, printed 
in the TranfaGtions of the Royal Society of Edinburgh, 
vol; 1, gives ingenious and plaufible reafons for think- 


* ing that the leffening the weight of the atmofphere 


by the fall of rain, is not the caufe of the fall of the 
barometer; but that the principal, if not the only 
cavfe, arifes from the commotions in the atmofphere, 
which are chiefly produced by fudden changes of heat 
andcoldinthe air. ‘ The barometer,” fays he, ‘isan 
inftrument neceflarily connected with motions in the 
atmofphere ; but it is not equally affected with every 
motion in that fluid body. The barometer is chiefly 
affected by thofe motions by which there are produced 
accumulations and abftraétions of this fluid, in places 
or regions of fufficient extent to affe&t the preflure of 
the atmofphere upon the furface of the earth, But as 
every commotion in the atmofphere may, under pro- 


per conditions, be a caufe for rain, and as the want of . 


commotion in the atmofphere is naturally a caufe of 
fair weather, this inftrument may be made of great im- 


portance for the purpofe of meteorological obfervations, _ 


although not in the certain and more fimple manner 
in which it has been, with the increafe of fcience, fo 
fuccesfully applied to the meafuring of heights.” 
See Rain. 

In the Eneyclpedia Britannica there is. another 
theory of the changes in the barometer, as depending 
on the Aeat in the atmofphere, not as producing com 
motions there, but as altering the fpecific gravity of 
the air by the changes of heat and cold. The princi- 
ples of this theory are, sft, That vapour is formed by 
an intimate union between the elemengs of fire and 
water, by which the fire or heatis fo totally enveloped, 
and its aétion fo perfectly fufpended by the aqueous 
particles, that it not only lofes its properties of burn- 
ing and of giving light, but becomes incapable of 
affecting the moft fenfible thermometer, in which cafe 
it is faid to be ina latent ftate: and 2d, That if the 
atmofphere be affected by any unufual degree of heat, 


it thence becomes incapable of fupporting fo long a © 


column of mercury as before; for which reafon it is 
that the barometer finks. 7 4 
From thefe axioms it would follow, that as vapour 


is formed by an union of fire with water; whether by . 
attraction or a folution of the water in the fire, the - 
yapour cannot he condenfed till this union, attraction, - 


_ Vout. 
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or folution, is at an end. Hence the beginning of the. 
condenfation of the vapour, or the firft figns of ap. 
proaching rain, muft be the feparation of the fre:, 
which is latent in the vapour. In the beginning, this” 
may be either flow and partial, or it may be fudden 
and violent: in the firft cafe, the rain will come on 
flowly, and after a confiderable time ; but in the other, . 
it will come very quickly, and in a great quantity, 
But Dr. Black has proved, that when fire quits its Ja- 
tent flate, however Jong it may have lain dormant and 
infenfible, it always reaffumes its proper qualities, and 
affeéts the thermometer juft the fame as if it had never 
been abforbed. The confequence of this. is, that in 
proportion as the latent heat is difcharged from the vas 
pour, thofe parts of the atmofphere into which ‘it is 
difcharged muft be fenfibly affeGed by it; and in pros: 
portion to the heat communicated to thofe parts, they 
will become fpecifically lighter, and the mercury will . 
fink of courfe. t 

In the Memoirs of the Literary Society of Manchefler,- 
vol. 4, is alfo a curious paper on this fubje@t, viz, Afe- 
teorological Obfervations made on different Parts of the ix 
Weftern Coaft of Great Britain: “arranged by T. Garnett,’ 
M.D. This paper is compofed of materials fyrnith- 
ed by fevaral obfervers ; thofe of Mr. Copland, fur-" 
geon at Dumfries, are of fpecial importance. This: 
gentleman is of opinion that the changes of the baro.' 
meter indicate approaching hot and cold weather, with ~ 
much more certainty than dry and wet.” ¢* Every re-- 
markable elevation of the barometer,” fays he, * where 
it is of any duration, is followed by very warm or dry . 
weather, and moderate as to wind, or by all of them :# 
but heat feems to have moft influence and connexion ;” 
and when it is deficient, the continuance of the other’ 
two will be longer and more remarkable ; therefore 
the calculation muft be in a compound ratio of the ex-,~ 
cefs and deficiency of the heat, and of the drynefs of. 
the weather in comparifon of the medium of the fea-~ 
fon ; and with regard to the want of ftrang wind, it 
appears to be intimately connected with the Jaf, as 
they thew that no precipitation is going on in any of % 
the neighbouring regions.” . ; 
j In his 54th and 15th remarks, he had faid, © 
~ € 14th, That the barometer being Jower, and conti- 
nuing fo longer than what can be accounted for by - 
immediate falls, or ftormy weather, indicates the ap- 
proach of very cold weather for the feafon ; and allo,’ 
cold weather, though dry, is always accompanied by ~ 
a low barometer, till near its termination.’ : 
- € 15th, That warm weather is always preceded and: 
moftly accompanied by a high barometer; and the” 
rifing of the barometer in the time of broken or cold: 
weather, is a fign of the approach of warmer’ weather : “ 
and alfo if the wind is in any of the cold points, a. 
fadden rife of the barometer indicates the approach. of 
a foutherly wind, which in winter generally ae rain 
with it.” - a 
“In the two following remarks, Mr. Coptand had ex. 
plained certain phenomena from a principle fimilar to 
that on which Dr. Darwin has fo much infifted: (Bo-.: 
tanic Garden, I. notes p. 79, &.} Aare 

* That the falling of the barometer may proceed 
from a decompofition of the atmofphere occurring a-~ 

Cc. ‘ sound. 


a 
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round or near that part of the globe where we are 
placed, which will occafion the eleétricity of the at- 


: mofphere to be repelled upwards in fine lambent por- 
“tions; or driven downwards or upwards in more’ 


compaéted balls of fire ; or laflly, to be carried along 
with the rain, &c, in an imperceptible manner to the 
furface of the earth: the precipitation of the watery 


» parts generally very foon takes place, which diminifhes 
; the real gravity of the atmofphere, and alfo by the 


decompofition of fome of the more aétive parts, the 
air lofes part of that elaftic and repulfive power which 
it fo eminently pofleffed, and will therefore prefs with 
lefs force on the mercury of the barometer than before, 
by which means a fall enfues.: oe orm 
-"© ‘That the caufe of the currents of air, or winds, 
may alfo be this way accounted for : and in very fevere 


« florms, where great decompofitions of the atmofphere 


* puation of the hurricane. 


take place, this is particularly evident, fuch as gene- - 
_ rally occur in one or more of the Weft India iflands at 


one time, a great lofs of real gravity, together with 
aconiderable diminution of the {pring of the air im- 
mediately enfues; hence a current commences, firft in 
that direction whence the air has moft gravity, or is 


" moft difpofed to undergo fuch a change ; but it being 


foon relieved of its fuperior weight or {pring on that 
fide, by the decompofition going on as faft as the wind 


_ arrives on the ifland, it immediately veers to another 
point, which then rufhes in moftly with an increafe of - 
force s thus it goes on till it has blown more than half . 


way round the points of the compaf during the conti- 
For in this manner the Weft 
India phenomena, as well as the alteration of the 
wind during heavy rains in this country, can only be 
properly accounted for.’ See remark No. 4. — 

Mr, C.’s 4th aphorifm is, ‘That the heavieft rains, 
when of long continuance, generally begin with the 
wind blowing eafterly, when it gradually veers round to 
the forth; and that the rain does not then begin to 
ceafe till the wind has got to the weft, or rather a little 
to the northward of it, when, it may be added, it com- 


monly blows with fome violence.’. 


Many other obfervations on the barometer, the wea- 
ther, &c, may be feen in various parts of the Philof. 
Tranf. And for other curious papers on the fame, 
and other fubjcéts connected with the barometer, fee 
the Gentleman’s Magazine for 1789, p. 3173, alfo 
Greu’s Journal of Nat. Philof. printed at Leipzig 
1792, for the influence of the fan and moon upon the 
barometer. 


The Barometer applied to the meafuring of Altitudes.” 


The fecondary charadter of the barometer, namely, . 


as an inftrument for meafuring acceffible heights or 


depths, was firft propofed by Pafeal, and Defcartes, as 


"has been before ob(erved ; and fucceeding philofophers 
have been at great pains to afcertain the proportion 


- between the fall of the barometer and the height to_ 


which it is carried; as Halley, Mariotte, Maraldi, 


“Scheuchzer, J. Caflini, D. Bernoulli, Horrebow, Bou- 


guer, Shuckburgh, Roy, and more efpecially by De 


'Luc, who has given a critical and hiftorical detail of 


moit of the attempts that have at different times been 
made for applying the motion of the mescury in the 
1 ™ Se Teg 
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And for this purpofe ferves the portable barometer, 
before deferibed, (fig. 11 and 12,° plate 4,) which 
fhould be made with all the accuracy poffible. Various 
rules have been given by the writers on this fubject, 
for computing the height afcended from the given fall 
of the mercury in the tube of the barometer, the moft 
accurate of which was that of Dr. Halley, till it was 
rendered much more accurate by the indefatigable re- 
fearches of De Luc, by introducing into it the cor. 
rections of the columns of mercury and air, on account 
of heat. And other corre€tions and modifications of 
the fame may be feen inferted under the article Ar- 
MOSPHERE, where the moft correct rule is deduced 
from one fingle experiment-only. ‘his rule. is as 
follows : Keone 

The Rule for computing Altitudes, is this, 


: Viz, 10000 X log. of — is the altitude in fathoms, 


in the mean temperature of 31°; and for every degree 
of the thermometer above that, the refult muft be in- 
creafed by fo many times its 435th part, and diminifh- - 
ed when below it: in which theorem M denotes the 
length of the column of mercury inthe barometer 
tube at the bottom, and m chat at the top of the hill, 
or other eminence; which lengths may be expreffed in 
any one and the fame fort of meafures, whether feet, 
or inches, or tenths, &c, and either Englith, or 
French, or of any other nation ; but the refult is al- 
ways in fathoms, of 6 Englifh feet each. f 

And the Precepts, in words, for-the practice of 
meafurements by the barometer, are thefe following: . 

ift, Obferve the height of the barometer at the 
bottom of any height or depth, propofed to be mea- 
fured; together with the temperature of the mercury 
by means of the thermometer attached to the baro+ 
meter, and alfo the temperature of the air in the fhade 
by another thermometer which is detached from .the 
barometer. 

2dly, Let the fame thing be done alfo at the top 
of the faid height or depth, and as near to the fame: 
time with the former as may be. And let thofe alti- 


“tudes of mercury be reduced to the fame temperature, 


if it be thought neceflary, by correcting either the 


“one or the other, viz, augmenting the height of the 
mercury in the colder temperature, or diminifhing that 
“in the warmer,’ by its g6oeth part for every degree of 
difference between the two; and the altitudes of mer= 


cury fo corrected, are what are denoted by M and m, 
in the algebraic formula above. 
3dly, ‘Take out the common logarithms of the two 


cheights of mercury, fo correéted, and fubtraét the lefs 
“from the greater, cutting off from the right hand fide 


of the remainder three places for decimals; fo hall thofe 


con the left be fathoms in whole numbers, the tables of 
‘logarithms being underftood to be fuch as have 7 places 


of decimals. : 
4thly, Correét the number laft found, for the difer- 


cence of the temperature of the air, as follows: viz, 
- Fake half the fem of the two temperatures of the air, 


fhewn by the detached thermometers, for the mean one; 
and for every degree which this differs from the ftandard 
temperature of 31°, take fo many times the 435th part 
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temperature be more than 31°, but fubtra&t them if it 


_ be below 31°; {0 hall the fam or difference be the true 
“altitude in fathoms, or being multiplied by 6; it will 
give the true altitude in Englith feet.. 


Example t. Let the ftate of the barometers and ther- 
mometers be as follows, to find the altitude: viz, 


Thermometers. Barometers. ‘ 
detached, | attached. . ae 
57 57° 29°68 lower, 
5 42 43 © 25°28 apper 
mean 49% Idifi 14” |{ # : 
_ As g690 _: 14 29°68 : Og f 
. . sor. 104, logs. * 
mean 494 M = 29°64 + 4718782 
fland. 31 “m= 25°28 - 4027771 
dif, 183 As 435 : 1843 691011: 29°388 


29°388 
the altitude 
fought is 


i 


; Example 2, To find the altitude of a hill, when the 
flate of the barometer and thermometer, as obferved at 
the bottom and top of it, is as follows; viz,. 


or 4322°394 feet. - 


Thermometers. Barometers: . 
detached. [ attached. , 
“35 4l 29°45 
3L 38 26°82 
| mean 33 dif. 3 
Asg600 2 3 °° Fi 29°45 s.*08 
ror. - logs. 
mean 33 M = 29°44 - 4689378 


fland. 35 m = 2682 = 4284588 
aif. 2 (7) As 435222: 404°790: 1°86 
yey ed 1860: 
the altitude 406°65 fathoms. 
fought is J or 2439°90 feet. 
‘ ee 


See this rule inveftigated under the article PyzuMa- 
Tics, at the end. wee ert - a: 

N. B. The mean height of the barometer in London, 
upon an average of two obfervations in every day of the 
year, kept at the houfe of the Royal Society, for many 
years paft, is 29°88; the medium temperature, or height 
of the thermometer, according to the fame, being 58% 
‘But the medium height at the furfaee of the fea, accord: 
ing to Sic Geo. Shuckburgh (Philof. Tranf. 1777, ps 
580) is 30°04 inches, the heat of the barometer being 
55°, and of the air 62°. 

BAROSCOPE, a machine for thewing the altera- 
tions in the weight or preffure of the atmofphere. See 
BaromMerer. “eget «Bg 

BARREL, an Englifh veffel or ¢atk, containing 36 
gallons of beer meafure, or 32 gallons of ale meaiure. 
‘The barrel of beer, vinegar, or of liquor preparing for 
vinegar; ought to contain 34 gallons, according to the 
ftandard of the ale quart. 
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Barre, in Clock work, is the cylinder about which 
the {priig is wrapped. 

BARRICADE, or Barricape, a military. term 
for a fence, or retrenchment, haftily made with veife!s, 
or bafkets of earth, carts, trees, flakes, or the ike, to 
preferve an army from the fhot or affault of an enemy. 
~ BARRIER, a kind of fence made at a paflage, re- 


. trenchment, gate, or fuch like, to ftop it up againft an 


enemy. 
BARROW (Isaac), a very eminent mathema- 
tician and divine of the 17th century, was born at Lon- 
don in O&ober, 1630, being the fon of Thomas Barrow, 
then a linen-draper of that city, but defcended from an 
ancient family in Suffolk. He was at firft placed at the 
Charter-houfe fchool for two or three years; where his 
behaviour afforded but little hopes of fuccefs in the pro- 
feffion of a fcholar, being fond of fighting, and pro- 
moting it among his fchool-fellows: but being removed 
to Felited in Effex, his difpofition took a different turn; 
and having foon made a great progrefs in learning, he 


_ was firft admitted a penfioner of Peter Houfe in Cam. 


720°359 fath. - e 


bridge ; but when he came to join the univerfity, in 
Feb, 1645, he wasentered at Trinity college. He now 
applied himfelf with great diligence to the ftady of all 
parts of literature, efpecially natural philofophy. He 
afterward turned his attention to the profeffion of phy- 
fic, and made a confiderable progrefs in anatomy, bo- 
tany, and chemiftry: he next ftudied divinity; then 
chronology, aftronomy, geometry, and che other 
branches of the mathematics ; wich what fucce{, his 


. writings afterwards moft eminently fhewed, 


the patron’s ion, made him refule it, as thinking it too 


When Dr. Duport refigned the chair of Greek pro- 
feflor, he recommended his pupil Mr. Barrow for his 
fucceffor, who, in his probation exercife, thewed him- 
felf equal to the character that had been given him by 
this gentleman; but being fufpected of favouring Ar- 
minianifm, he was not preferred. ‘This difappointment 
it feems determined him to quit the college, and vifit 
foreign countries; but his finances were fo low, that he 
was obliged to difpofe of his books, to enable him to 
execute that defign. 

He left England in June 1655, and vifited France, 
Traly, ‘Turkey, &c. At feveral places, in the ‘courfe 
of this tour, he met with kindnefs and liberal affiilance 
from the Englith ambaffdors, &c, which enabled him to 
benefit the more from it, by protracting his itay, and 
prolonging his journey. He {pent more than a year in 
Turkey, and returned to England by way of Venice, 
Germany, and Holland, in 1659. At Confantinople 
he read over the works of St. Chryfoftom, once bithop 
of that fee, whom he preferred to all the other fathers. 

On his return home Barrow was epifcopally ordained 
by bithop Brownrig ; and in 1660, he'was chofen to the 
Greek profefforfhip at Cambridge. In July 1662, he 
was elected profeflor of geometry in Gretham college : 
in which ftation, he not only difcharged his own duty, 
but fapplied likewife the abfence of Dr. Pope the aftro- 
nomy profeffor. Among his lectures, fome were upon 
the projection of the {phere and perfpedtive, which are 
loft; but his Latin oration, previous to his lectures, is 
ftill extant. About this tinie Mr. Barrow was offered 
a good living ; but the condition annexed, of teaching 
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like a fimionial -contratt.- Upon the aoth of May 
1663 he was elected a fellow of the Royal Society, in 
“the firft choice made by the council after their charter. 
. The fame year the executors of Mr. Lucas having, ac- 
cording to his appointment, founded a mathematical 
 le@ure at Cambridge, they feleled Mr. Barrow for the 
_ firfk profeffor ; and though his two profeflorthips were 
not incompatible with each other, he chofe to refign 
that of Grefham-college, which he did May the zoth, 

- 1664. In 1669 he refigned the mathematical chair to 
his learned friend Mr. Ifaac Newton, being now deter- 
minced to quit the ftudy of mathematics for that of di- 
vinity. On quitting his profeflorfhip, he had only his 
fellowthip of Trinity-college, till his uncle gave hima 
{mall finecare in Wales, and Dr. Seth Ward bithop of 
 Salifbury conferred upon him a prebend in his church. 
In the year 1670 he was created do&or in divinity by 

:) mandate; and, upon the promotion of Dr, Pearfon 
matter of Trinity college to the fee of Chefter, he was 

* appointed to fucceed him by the king's patent bearing 
date the 13th of February 1672: upon which occafion 

> the king was pleafed to fay, “he had given it to the 
beft fcholar in England.” In this, his majefty did not 

~ fpeak from report, but from his own knowledge; the 
* doétor being then his chaplain, he ufed often to converfe 
with him, and, in his humourous way, to call him an 

‘© unfair preacher,” becaufe he exhaufted every fubject, 
and left no room for others to come after him. In 
1675 he was chofen vice-chancellor of the univerfity ; 
“and he omitted no endeavours for the good of that {o- 
ciety, nor in the line of his profeffion asa divine, for the 
promotion of piety and virtue ; but his ufeful labours 
‘were abruptly terminated by a fever on the 4th of May 

> 4677, in the 47th year of his age. He was interred in 


Weftminiter abbey, where a monument, adorned with. 


his built, was foon after ere&ted, by the contribution of 
his ‘friends, ' : : ei 

Dr, Barrow’s works are very numerous, and indeed 
various, mathematical, theological, poetical, &c, and 
fach as do honour to the Englifh nation. They are 
principally as follow : ‘ 

“1. Euclidis Elementa. Cantab. 1655, in Svo. 

2, Euclidis Data. Cantab. 1657, in 8vo. 
~' 3. Lediones Optice xviii, Lond. 1669, 4to. 

4. Leétiones Geometrice xiii, Lond. 1670, 4to. 

: §. Archimedis Opera, Apollonii Conicorum libri iv, 
Theodofii Sphericorum lib. tii; nova methodo illuftrata, 
et fuccinéte demonftrata. Lond. 1675, in 4to. 
~ The following were publifhed after his deceafe, viz: 

6. Leétio, in qua theoremata Archimedis de fphera 
et cylindro per methodum indivifibilium inveftigata, ac 
breviter inveftigata, exhibentur, Lond. 1678, 12mo. 

7. Mathematica Le@iones habitz in {cholis publicis 
academia Cantabrigienfis, an. 1664, 5, 6, &c. Lond. 
1683. ; 

8. All his Englith works in 3 volumes, Lond. 1683; 
folio.—Thefe are all theological, and were publifhed by 
Dr. John ‘Tillotfon. A ‘ 

9. dfaaci Barrow Opnfcula, viz,’ Determinationes, 
Conciones ad Cleram, Orationes, Poemata, &c. vola- 
men quartum. Lond. 1687, folio. ’ 

Dr. Barrow left alfo feveral curious papers on mathe- 
matical ‘fubje&ts, written in his ova hand, which were 
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communicated by Mr. Jones to the author of «The 


~ Lives of the Grefham Profeffors,” a particular account 


of which may be feen in that book, in the Life of 
Barrow. . 2 - ee 5S 
“Several of his works have been tranflated into Englith, 
and publifhed ; as the Elements and Data of Euclid; 
the Geometrical Lectures, the Mathematical Lectures. 
And accounts of fome of them were alfo given in feveral 
volumes of the Philof. Trani - aaa 
Dr. Barrow muft ever be efteemed, in all the fubjetts 
which exercifed his pen, a perfon of the clearett per- 
ception, the. finett fancy, the foundefl judgment, the 
profoundeft thought, and the clofeft and mott nervous 
reafoning. ‘<The name of Dr. Barrow (fays the learned. 
Mr. Granger) will ever be iliuftrious for a ftrength of - 
mind and a compa(s of knowledge that did honour to 
his country. He was unrivalled in mathematical learn- 
ing, and efpecially in the fublime geometry ; in which 
he has been excelled only by his fucceffor Newton. The 
fame genius that feemed to be born only to bring hid- 
den truths to light, and to rife to the heights or defcend 
to the depths of fcience, would fometimes amufe itfelf 
in the flowery paths of poetry, and he compofed verfes 
both in Greek and Latin. He at length gave himfelf 
up entirely to divinity; and particularly to the mot 
ufeful part of it, that which has a tendency to make 
men wifer and better.” : : 
Several good anecdotes are told of Barrow, as well 
of his great integrity, as of his wit, and bold intrepid 
{pirit and ftrengch of body. His early attachment to 
ghting when a boy is fome indication of the latter; * 
to which may be added the two followitig anecdotes: . 
In his voyage between Leghorn and Smyrna the thip “’ 


‘was attacked by an Algerine pirate, which after a ftout ~ 


refiltance they compelled to theer off, Barrow keeping 
his poft at the gun afligned him to the laf. And when 
Dr. Pope in their cenverfation afked him, ‘* Why he 
did not go down into the hold, and leave the defence of - 
the fhip to thofe, to whom it did belong! He replied, 
Tt concerned no man more than myfelf: [ would rather 
have loft my life, than.to have fallen into the hands of - 
thofe mercilefs infidels.” eo : 
‘There is another aneedote told of him, which fhewed 
not only his intrepidity, but an uncommon goodnefs of 
difpofition, in cireumftances where an ordinary fhare of 
it would have been probably extinguifhed. Being once 
on a vifit at a gentleman’s houfe in the country, where 
the neceflary was at the end of a long garden, and con- 
fequenily at a great diftance from the room where he 
lodged; as he Was going to it before day, for he wasa 
very early rifer, a fierce maftiff, that ufed to be chained 
up all day, and let ‘loofe at night for the fecurity of the 
houfe, perceiving a itrange perfon in the garden at that 
Gnufual time, fet upon him with great fury. The doc-> 
tor caught him by the throat, grappled with him, and, 
throwing him down, Jay upon him: once he had a 
mind to kill him; but he altered his refolution, on re- 
colleéting that this would be unjuft, fince the dog did . 
only his duty, and he himfelf was in faule for rambling - 
out of his room before it was light. At length he called 
cut fo loud, that he was heard by fome of the family, 
who came prefently out, and freed the doctor and the 


_dog from the danger they both had been in, 2 7 
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_.- Among other inftances of his wit and vivacity, they 
relate the following rencounter between him and that 
wicked wit lord Rochefter. Thefe two meeting one day 
at the court, while the doctor was king’s chaplain in or- 
dinary, Rochefter, thinking to banter him, with a flip- 
pant air, and a low formal bow, accofted him with, 
** Doflor, 1am yours to my shoe-tie :”” Barrow perceiv- 
ing his drift, and determined upon defending himfelf, 
returned the falute, with, «* My lord, lam yours to the 
ground.” Rochefter, on this, improving his blow, 
quickly returned it, with, “« Doétor, I am yours to the 
centre’? which was as {martly followed up by Barrow, 
with, «¢ My lord, Iam yours to the antipodes.” Upon 
which, Rochefter, difdaining to be foiled by a mufty 
old piece of divinity, as he ufed to call him, exclaimed, 
« Dostor, Fam yours to the loweft pit of hell; upon 

“ which Barrow, turning upon his heel, with a farcattic 
fmile, archly replied, “* There, my lord, I leave you.’”” 

BARS, in Mufic, are the {paces quite through any 
Compofition, feparated by upright lines drawn acrofs 
the five horizontal lines, each of which either contains 
the fame number of notes of the fame kind, or fo many 
other notes as will make up a like interval of time ; for 
all the bars, in any piece, muft be of the fame length, 
and played in the fame time. 

BARTER, or Truck, is the exchanging of the 
commodity for another; and forms a rule in the com- 
mercial part of arithmetic, by which the commodities 
are properly calculated and equalled, by computing firtt 
the value of the commodity which is given, and then the 
quantity of the other which will amount to the fame fum, 

BASE, Basis, in archite€ture, denotes the lower 
part of a column or pedettal. 7 fe 
.. Base, in Geometry, the lowett fide of any figure. 
Any fide of a figure may be confidered as its bafe, ac- 
cording to the pofition in which it may be conceived as 
ftanding ; but commonly it is underftood of the loweit 
fide: as the bafe of a triangle, of a cone, cylinder, &c. 

Base Line, in Perfpective, denotes the common 
feGtion of the pidture and the geometrical plane. 

Base Riwc, of a Cannon, is the great ring next be- 
hind the vent or touch-hole. : 

Base, alternate: See ALTERNATE. : 

BASEMENT, ‘in Archite€ture, a continued bafe, 
extended a confiderable length, as about a houfe, a 
room, or other piece of building. 

BASILIC, in the ancient Architefture, was a large 
hall, or court of judicature, where the magiitrates fat 
to adminifter juftice, 

BASILICA, or Basturcus, the fame as Regulus, 


or Cor Leonis, being’a fixed ftar of the firft magnitude 


in the conftellation of Leo. 

BASILISK, in the older Artillery, was a large 
piece of ordnance fo called from its refemblance to the 
fuppofed ferpent of that name. 
of 200 pounds weight ; and was in great repute in the 
time of Solyman emperor of the Turks, in the wars of 
Hungary ; but it is now grown out of ufe in moft parts 
of Europe. Paulus Jovius relates the terrible flaughter 
made i. a Spanith fhip by a fingle ball from one of thefe 
bafilifk ; after pafling through the beams and planks in 
the thiy’s head, it killed upwards of 30 men. And 
Maffecs {peaks of bafilifks made of brafs, each of which 
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required 100 yoke of oxen to draw them.—More mo- 
dern writers alfo give the name bafilitk to a much fmaller 
and fizeable piece of ordnance, made of a feet Jong 
by the Dutch, but of only 10 by the French, and car- 
rying a ball of 48 pounds. The largeft fize of can- 
non now ufed by the Englifh, are the 32 pounders, - 

BASIS, in Geometry, the fame as Base. : 

BASS, the loweft in the four parts of mufic; by 
fome efteemed the bafis and principal part of all, and by 
others as fcarcely neceflary in fome tunes. 

BASSAN'TIN (James), 2 Scotch aftronomer of the 
16th century, born in the reign of James the 4th of 
Scotland, He was a fon of the Laird of Baffantin in 
the Merfe. After Gnifhing his education at the univer- 
fity of Glafgow, he travelled through Germany and 
Ttaly, and then fettled in the univerfity of Paris, where © 
he taught mathematics with great applaufe, Having 
acquired fome property in this employment, he returned 
to Scotland in 1562, where he died 6 years after. 

From his writings it appears he was no inconfiderable 
aftronomer, for the age he lived in; but, according to 
the fathion of the times, he was nota little addiéted to 
jodicial aftrology, It was doubtlefs to our author that 
Sir James Melvil alludes in his Memoirs, when he fays 
that his brother Sir Robert, when he was ufing his en= 
deavours to reconcile the two queens Elizabeth and , 
Mary, met with one Baflantin a man learned in the high 
fciences, who told him,“ that all his travels would be 
in vain; for, faid he, they will never meet together ¢ 
and next, there will never be any thing but diflembling 
and fecret hatred fora while, and at length captivity and 
utter wreck to our queen from England.” He added, 
*¢ that the kingdom of England at length fhall fall, of 
right, to the crown of Scotland: but ic fhall cot many 
bloody battles ; and the Spaniards thal] be helpers, and 
take a part to themfelves for their labour.’” A predic- 
tion in which Baffantin partly guefied right, which it 
is likely he vas enabled to do from a judicicus confi- 
deration of probable circumflanees and appearances. 

Baffantin’s works are, : 

1. Afironomia Jacobi Baffantini Scoti, opus abfoluriffi- 
mum, Sc. 5 ter edit. Latine et Gallice. Genev. 1399. 
fol. This is the title given it by Torncefius, who trant- 
lated it into Latin from the French, in which language 
it was firft publifhed. 

2. Paraphraje de I dftrolabe, avee une amplification 
de Pufage d’ajirclabe.. Lyons 45§5. Paris 1647, 
8va. , 

3- Mathematica Genethliaca, . 

4. Arithmetica, 7 

5. Mujfica fecundum Platonem, 

6. De Mathefi in Genere. i 
BASSOON, a mufical inftrument of the wind kind, 
ferving for a bafs to the haut-boy, itis blowa witha. 
reed, and furnifhed with eleven holes. z u 

BASS-VIOL, a bafs to the viol. 


. 


-“ BASTION, in the modern fortification, a large: 
. mals of earth at the angles of a work, connedting the 


curtains to each other; and anfwers to the bulwark of 
the ancients. It is formed by two faces, two flanks, : 
‘and two demigorges. The two faces form the faliant - 
angie, or angle of the baftion ; the two flanks form with 
the faces, the epasdes or fhoulders; and the union of 
z the 
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\ rhe other two ends of the flanks with 


the curtains 
-Josms the two angles of the flanks. p 


Curtain ° 





Solid Bastion, are thofe that are entirely filled up 
«With earth to the height of the rampart, without any 
void {pace towards the centre. 
Void or Hollow Bastion, has the rampart and pa- 
rapet ranging only round the flanks and fpaces, fo that 
«a void {pace is left within towards the centre, where 
athe ground is fo low that if the rampart be taken, no 
setrenchment can be made in the centre,’but what will 
he under the fire of the befieged. : 
‘Regular Bas‘rios, is that which has its due propore. 
tion of faces, flanks, and gorges. P 
Deformed ox Irregular Bast 10%, is when, the irregu- 
‘larity of the lines and angles throws the baftion out of 
fhape: as when it wants one of the demigorges, one 
fide of the interior polygon being two fhoit, &c. 
Demi Basvion, ot Half Baftion, alfo otherwife cal- 
led an Epaulment, has but one face and flank. , 
Deuble Bastion, is when one baition is raifed with- 
in, and upon the plane of another baition. 


’ Flat Basrion, is one built inthe middle of the cur-. 


tain, when it is too long to be defended: by the ufual 
baftions at the extremities. : ‘ 
Compofed Bast10N, is when the two fides of the in- 
terior polygon are very unequal, which makes the 
gorges alfo unequal. 
Cut Bastion, is that which has a re-entering angle 
“atthe point, and is fometimes called a Bastion with a 
Tenaille, whofe point is cutoff, making an angle inwards, 
and two points outwards. ‘This is ufed when the fa- 
Nant angle would be too fharp, or when water or fome 
other impediment prevents it from being carried out 
to ins full extent. . j 
BASTON, or Batoon, in Architecture, a mould- 
ing in the bafe of acolumn, called alfo a Tore, or Torus. 
BATTEN, a name given by workmen to a fcantling 
cr piece of wooden fluff, about an inch thick, and from 
2 to 4 inches broad; of a, confiderable but indetermi- 
“nate length. i : : 
BATTERING, the attacking a place, work, or 
2 the like, with heavy artillery. . 
Barrerinc-Ram,amilitary engine ufed forheating 
down walls before the invention of gunpowder and the 
modern artillery. It was no other than a long heavy 
beam of timber, armed with an iron head, fomething 
like the head of a ram. This being pufhed violently 
- with conttant fucceflive blows againft a wall, gradually 


fhakes it with a vibratory motion, till the Rones are _ 
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-, disjointed and the wall fallsdown. There were feveral 
. kinds of the battering-ram, the firft rude and plain, 
which the foldiers carried in their arms by main force, 
and fo ftruck the head of it againft the wall. The fe- 
- cond was flung by a rope about the middle to another 
. beam lying acrofs upon a couple of pofts; which was 
the kind defcribed by Jofephus.as ufed at the fiege of 
Jerufalem, A third fort was covered over with a thell 
or fcreen of boards, to defend the men from the ftones 
and darts of the befieged upon the walls, and thence 
sealed zeffudo arietaria, And Felibien defcribes a 
. fourth fort of battering-ram, which ran upon wheels ; 
“and was the moft perfect and effectual of any. 
Vitruvius affirms, that the battering-ram was firft in-’ 
vented by the Carthaginians, while they laid fiege to 
Cadiz; yet Pliny affures us, that the ram was invented 
or ufed at the fiege of Troy ; and that it was this thac 
gave occafion to the fable of the wooden-horfe. In 
fag there can be no doubt but that the ufe of fome 
fort of a battering-ram is as old as the art of war itfelf. 
And it has even been fufpeéted that the walls of Jericho, 
mentioned in the book of Jofhua, were beaten down by 
this inflrument, the rams horns there mentioned, by 
means of which they were overthrown, being no other 
than the horns of the battering-rams. Pephafmenos, 
a Tyrian, afterwards contrived to fufpend it with ropes ; 
and laftly, Polydus, the Theflalian, mounted it on 
wheels, at the fiege ‘of Byzantium, under Philip of 
Macedon. i : 


Plutarch relates, that Mare Anthony, in the Par- 


thian war, made ofe of a ram 80 feet long: and Vi- 
truvius affirms that they were fometimes 106, and even 
120 feet long; which muft have given an amazing 
force to this engine. ‘The ram required 100 foldiers 
to work and manage it at one time; who being ex- 
haufted, another fentry relieved them ; by which means 
it was kept playing continually without intermiffion, 
See fig. 2, plate V. which reprefents the battering-ram 
fufpended in its open frame; in which 3 denotes the 
form of the head, faftened to the enormous beam 2z, 
by three or four bands (4) of iron, of about four feet 
in breadth. At the extremity of each of thefe bands 
was an iron chain (5), one end of which was faftened 
toa hook (6), and to the laft link at the other ex- 
tremity was firmly bound a cable, which ran the whole 
length of the beam to the end of the ram 7, where 
thefe cables were bound all together as fait as pofible 
with fmall ropes. To the end of thefe cables was. 
faftened another, that confitled of feveral ftrong cords 
platted together,to a certain Jength, and then running 
fingle (8), at each of which were placed feveral men, 
to balance and work the machine. 10 is the chain or 
cable by which the ram was hung to the crofs beam 
_ (11), fixed on the top of the frame ; and 12 in the bafe 
of the machine. | % 

The unfufpended ram differed from this only in the 
manner of working it; as it moved on {mall wheels 
upon another large beam, inftead of being flung by a 
_chain or cable. 

BATTERY, in the Military Art, a place raifed to 
plant cannon upon, to play with more advantage upon 
the enemy. ‘It confifts of an epaulment or a breaft- 
work, of about 8 feet high, and 18 or 20 feet thick. 
__, In all batteries, the open {paces through which the 

muzziles 
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muzzles of the casnon are pointed, are called Embra-_ 
Jures, and the diftances between. the embrafures, mer-. 
dons. The guns are placed upon a platform of planks. 
&c, afcending a little from the parapet, to check the 

recoil, and that the gun may be the eafier brought’ 
back again to the parapet: they are placed from 12 to 

16 feet diftant from one another, that the parapet may 

be flrong, and the gunners have room to work. 

Mortar Batreries differ from the others, in that 
the flope of the parapet is inwards, and it is without 
embrafures, the fhells being fired quite over the para~ 
pet, commonly at an angle of 45 degrees elevation. ~~ 
_ Open Barrery, is nothing more than a number of 
cannon, commonly field- pieces, ranged in a row abreatt 
of one another, perhaps on fome {mall natural eleva- 
tion of the ground, or an artificial bank a little raifed’ 
for the purpofe. : : 

Covered or Mafeed BATTERY, is when the cannon 

- and gunners are covered by a bank orbreaft-work, com-> 
monly made of bruth-wood, faggots, and earth, called 
a fafcine battery. 
” Sunk or Buried Batrery, is when its platform is 
funk, or let down into the ground, fo that trenches 

_ Muft be cut into the earth oppofite the muzzles of the 
guns, to ferve as embrafures to fire through. This is - 
moftly ufed on the firft making of approaches in befieg- 

"ing and battering a place. : 

Croft BAT TERLES, are two batteries playing athwart” 
each other upon the fame object, forming an angle 
there, and battering to more effeét, becaufe what one 
battery fhakes, the other beats down. 7 

Barrery-d’Enflade, is one that {cours 

. the whole length of a ftraight line. 

Battery ex Echarpe, is one that plays obliquely. © 

Battery de Reverfe, or Murdering Battery, is one 
that plays upon the enemy’s back. 

Camerade or Foint Battery, is when feveral guns 
play upon one place at the fame time. 

Batrery, in Eledricity, is a combination of coated’ 
furfaces of glafs, commonly jars, fo connected toge- 
ther that they may be charged at once, and difcharged 

‘by a common condugtor. Mr. Gralath a German. 
ele@trician, firft contrived to increafe the thock by 
charging feveral phials at the fame time.—Dr.Franklin, 
having analyfed the Leyden phial, and found that it loft , 
at one furface the eleGtric fire received at the other, 
conflruéted a battery of eleven large panes of fafh 
window glafs, coated on both fides, and fo conneéted - -- 
that the whole might be charged together, and with: 
the fame labour as one fingle pane ; then by bringing 
all the giving fides into conta& with one wire, and all” 
the recerving fides with another, he contrived to unite 
the force of all the plates, and to difcharge them at 
-once.—Dr, Prieftley defcribes a ftill more complete | 
battery. This confills of 64 jars, each 10 inches long, © 

‘and 24 inches in diameter, all coated within an inch’ 
and a half of the top, forming in the whole about 31 — 
fquare feet of coated furface. A piece of very fine 
wire is twifled about the lower end of the wire of each 
jar, to touch the infide coating in feveral places 3 and ~ 
it is put thioagh a pretty large piece of cork, within - 
the jar, to prevent any part of it from touching the 
fide, by which a Spontaneous difcharge might be made. . 
Each wire isturned round-{o as to make a loop at the 


or fweeps 
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upper end; and through thefe loops paffes a pretty. 
thick brafs rod with knobs, each rod ferving for one 
row of the jars; and thefe rods are made to communi+ 
cate together by a thick-chain laid over them, or as 
many of them as may be wanted. The jars fland in a 
box, the boitom of which is covered with a tin plate 5 
and a bent wire touching the plate paffes through the 
box, and appears on the outfide. ‘To this wire is 
faftened any conduétor defigned to communicate with 
the outfide of the battery; and the difcharge is madé 
by bringing the brafs knob to any of the knobs of the 
battery. When a very great force is required, the fize 
or numbcr of the jars may be increafed, or two or more 
batteries may be ufed.—But the largeft and moft pow- 
erful battery of all, is ‘that employed by Dr. - Vans 
Marum, to the amazing large electrical machine, lately 
conftyuéted for Teyler’s mafeum at Haarlem. This 
grand battery confifts of a great number of jars coated 
as above, to the amount of about 130 fquare feet ; and 
the effets of it, which are truly aftonifhing, are related 
by Dr. Van Marum in his defcription of this machine, 
and of the experiments made with it, at Haarlem 1785, 
&e: “See alfo Franklin’s Exper. and Obferv. ‘and 
Prieftley’s Hiftory of Ele@tricity. 

BATTLEMENTS, in Architecture, are notches: 
or indentures in the top of a wall or other building, 
Hike embrafures, to look through. 

BAY, in Geography, denotes a {mall gulph, or an 
arm of the fea ftretching up into the land ; being larger’ 
in the middle within, than at its entrance, which is 
called the mouth of the bay. 

BAYER {cus}: a German lawyer and aftrono- 
mer of the latter part of the 16th and beginning of 
the v7th century, but in what particular year or place 


- he was born, is not certainly known: however, his 


name will be ever memorable in the annals of aftrono- 
my, on account of that great and excellent work 
which he firft publithed in the year 1603, under the 
title of Uranometria, being a complete celeftial atlas, 
or large folio charts of all the conftellations, with a 
nomenclature collected from all the tables of aftronomy,° - 
ancient and modern, with the ufeful invention of de- 
noting the ftars in every conftellation by the letters of 
the Greek alphabet, in their order, and according to” 
the order of magnitude of the ftars in each conitella- 
tion. By means of thefe marks, the ftars of the hea- 
vens may, with as great facility, be diftinguifhed and - 
referred to, as the feveral places of the earth are by 
means of geographical tables; and as a proof of the’ 
ufefulnefs of this method, our celeftial globes and at- 
laffes have ever fince retained it; and hence it is be- 
come of general ufe through all the literary world; 
aitronomers, in fpeaking of any ftar in the conitella~ 
tion, denoting it by faying it is marked by Bayer, @, ~ 
or B, ory, &c. : 7 S» aoe 
Bayer lived many years after the firft publication of ~ 
this work, which he greatly improved and-augmented 
by his conftant attention to the ftudy of the tars, At 
length, in the year 1627,. it was republifhed under a «- 
new title, viz. Caclum Stellatum Chriftianum, that is, the 
Chriftian Stellated Heaven, or the Starry Heavens Chrif~ 


_tianized: for in this work, the heathen names and ‘ 


characters, or figures of the conftcllations, were re- 
geGted, and others, taken from the fcriptures, were in- 
forte 


s 
“BEA 
fested in their Mtead, to circurmfcribe the refpective con- 
ftellations. This was the proje& of one Julius Schit- 
Jer, a civilian of the fame place. But this attempt 
was too great an innovation, to find fuccefs, or a gene- 
ral reception, which might occafion great confufion. 
And, we even find in the later editions of this work, 
that the ancient figures and names were reftored again; 
at leat fo 1 find them in two editions, of the years 
_ 4654, and 1661, which are now before me. 
BEAD, im Architeture, is a round moulding, 
carved in fhort embofiments, like beads in necklaces : 
and fometimes an aftragal is thuscarved. There isalfo 


a fort of plain bead eften fet on the edge of each . 


facia of an architrave; as alfo fometimes on the lining 
- board of a door cafe, the upper edge of tkirting boards, 
ke. r fan 


* Bean, in affaying, the fmall ball or mafs of pure... 


metal feparated {rom the feoria, and feen diftin& and 
ure in the middle of the coppel while in the fire. 
, BEAM, in Archite€ture, a large timber laid acrofs 
a building, into which the principal ratters are framed. 
Several ingenious authors have ee the force or 
frength of beams, as fapporting ‘Heir own weight and 
any other additional weight; particularly Varignon, 
‘and Parent in the Memoir. Acad. R. Scien. an. 1708, 
and Mr. Emerfon, on the Strength and Strefs of Tim- 
“ber, in his Mechanics. Mr. Parent makes the propor-: 
tion of the depth to the breadth of a-beam to be as.7 
40 5 when it is itrongett. : 
EAMS of afbip, age the large, main, crofs timbers, 
firetched from fide to fide, to fupport the decks, and 
keep the fides of the thip from falling together. 

_ Bea of a balance, is the horizontal piece of wood: 
or iron fupported on a pivot in the middie, and at the 
extremities of which the two fcales are fufpended, 
for weighing any thing. 

‘ Beam-Compa/s, an inftrument confitting of a wooden 
vor brafs fquare beam, having fliding fockets carrying 
fteel or pencil points ; and are uled for defcribing large 
circles, the radii of which are beyond the extent of the 
‘common compafles. : 
BEAR, in Aftronomy, a namé given to two conftel- 
Jattons, called the greater and the defer bear, or Ursa 
smajor and minor. “The pole ftar is in the tail of the lit- 
tle bear, and is within lefs than 2 degrees of the north 
ole. See Ursa, major.and minor. : 
BEARD, of a Comet, the rays which it. emits 
in the direGion in which it moves; as diftinguith- 
‘ed from the tail, or the rays emitted or left bebind 
it Eg moves along, being always in. a directioijom 
the fun. . 


BEARER, in Archite€ure, a pott or brick wall,’ 


trimmed up between the two ends of a piece of timber, 
‘to fhorten its bearing, or to prevent its bearing with 
the whole weight at the ends only. 

BEARING, in Geography and Navigation, the f- 
tuation of une place from another, with regard to the 
points of the compafs; or an arch of the horizon be- 
tween the meridian of a place and a line drawn through 
this and another place, or the angle formed by a line 

’ drawn ‘through the two places and their meridians.— 
The bearings of places on the ground are afually de- 
termined by the magnetic needle. 
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~ BEATS, in a Clock or Watch, are the ftrokes made 
by the fangs or pallets of the fpindle of the balance ;. 
or of the pads in a royal pendulum. For the number 
and ule of the beats, fée Derham’s Artificial Clock 
Maker, pa. tq4andfeq. ~~ 

BED, of 2 Great Gum, 2 plank laid between the 
cheeks of the carriage, on the middle tranfum, for the 
breech of the gun to reft upon. 

Bep, or. Sool, of a mortar, a thick and ftrong 


_planking on which a mortar is placed, hollowed a 
“little to receive the breech and trunions. 


BED-MOULDING, in Archite@ture, a term ufed 


by workmen for thofe members in a cornice, which 


are placed below the coronet, or crown. Je ufuaily 
confifts of thefe four members, an ogee, a lift, a large 
boultine, and another lift under the coronet. 

BELIDOR (Bernarp Forest pe), an engineer 
in the fervice of France, but born in Catalonia in 
1698. He was profeffor in the new {chool of artillery - 
at la Fere, where he publithed his courfe of mathe, 
matics for the ufe of the artillery and engineers, He. 
was the firftt who ferionfly confidered the quantity of 
gunpowder proper for charges, and reduced it to 2-3ds 
the quantity. He was named Affociate in the Acas 
demy of Sciences in 1751; and died Sept. 8, 17615 
at 63 years of age. : og 

».” “His works that have been publihed, are: 

* y, Sommaire d’un Cours d’Architecture . militaire, 
civile & hydraulique, in 12mo, 1720. 
z. Nouveau Cours de Mathematiques, &c. in 4to, 


1735. : ; : 
. 3. La Science des Ingénieurs, in 4to, 1729.” 


4. Le Bombardier Francois, in 4to, 1734. 
- 3. Architecture Hydrauligue, 4 vals. 
1737: 
ng Ditionnaire portatif de l’Ingénieur, in 8vo. 

7. Traité des Fortifications, 4 vols. in 4to. 

Befides feveral pieces inferted in the volumes of the: 
Memoirs of the Academy of Sciences, for the years 
1737+ 1750, 3753, and 1756. 

BELLATRIX, in Aftronomy, a raddy, glitter- 
ing ftar of the 2d magnitude, in the left thoulder of 
Orion. Its name is from the Latin ded/um, as being an- 
ciently fuppofed to have great influence in kindling 
wars, and forming warriors. 

BELTS, Fa/ia, in Aftronomy, two zones or gi 
dles furrounding the planet Jupiter, brighter than the 
reft of his body, and terminated by parallel lines, 
They are obferved however to be fometimes broader 
and fometimes narrower, and not always occupying 
exaétly the fame part of the difc, Jupiter’s belts 
were firft obferved and defcribed by Huygens, in his 
Syft. Saturn. Dark {pots have often been obferved on 
the belts of Jupiter; and Ms Caflini obferved a per- 
‘manent one on the northern fide of the moft fouthern 
belt, by which he determined the length of Jupiter’s 
days, or the time in which the planet revolves upon. 
its axis, which is gh. 56m. Some aitronomers fuppofe 
that thefe belts are feas, which alternately cover and 
leave bare large tracts of the planet’s furface : and that 
the {pots are gulphs in thofe feas, which are fometimes 
dry, and fometimes full. But Azout conceived that 


In 4t0, 


the {pots are protuberances of the belts; and others 


again 
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again are of opinion that the tranfparent and moveable | 


fpots are the thadows of Jupiter’s fatellites. ’ 

Caffini alfo fpeaks of the belts of Saturn ; being three 
dark, ftraight, parallel bands, or facie, on the dife of 
that planet. But it does not appear that Saturn’s belts 
adhere to his body, as thofe of upiter do; but rather 
that they are large dark rings furrounding the planet 
ata diftance.- Some imagine that they are clouds in 
the atmofphere of Saturn, though it would feem that 
the middlemoft is the fhadow of his ring. & 

BENDING, the reducing a body to a curved or 
crooked form. The bending ef boards, planks, &e, 
is effected by means of heat, whether by boiling or 
otherwife, by which their fibres are fo relaxed that 
they may be bent into any figure. Bernoulli has a 


difcourfe on the bending of {prings, or elaftic bodies. . 


And Amontons gives feveral experiments concerning 
the bending of ropes.” The friétion. of a rope bent 
: rf wound about an immoveable. cylinder,. is fuffi- 
cient, with a very {mall power, to fuftain very great 
weights. ae OB 
BERENICE’s Hair; fee Coma Berenices. oh hae 
BERKELEY (Greacs), the virtuous and learned 
bifhop of Cloyne in Ireland, was born in that king- 
dom, at Kilcrin, the 12th of March 1684. After re~ 
_ ceiving the firit part of his education at Kilkenny {chool, 
-he was admitted a penfioner of ‘Trinity College, Dub- 
lin, at 15 years old ; and chofen fellow of that college 
in 1707. ee : io 

The fir public proof he gave of his literary abilities 
was, Arithmetica abfque Algebra aut Euclide demonfirata ; 
which from the preface it appears he wrote before he 
was 20 years old, though he did not publifh it till 1707. 
It is followed by a Mathematical Mifcellany, contain- 
ing obfervations and theorems infcribed to his pupil 
Samuel Molineux. 

In 1709 came out the Theory of Vifion; which of all 
his works it eems does the greateft honour to his faga- 
city; being, ‘it has been -obferved, the firft attempt 
that ever was miade to diftinguifh the immediate and 
natural objets of fight, from the conclufions we have 

. been aceuftomed from infancy to draw from them. The 
boundary is here traced out between the ideas of fight 
and touch; and it is fhewn, that though habit hath 
fo conneéted thefe two claffes of ideas in the mind, that 
they are. not without a .ftrong effort to be feparated 
from each other, yet originally they have no fuch con- 
nection ; infomuch, that a perfon born blind, and fud- 
denly made to fee, would at firft be utterly unable to 
sell how any object that affected his fight would affect 
his touch ; and particularly would not from fight re- 
ceive any idea of diitance, or external fpace, but 
would imagine all obje@s to be in his eyes or rather in 
his mind. 

In 1710 appeared The. Principles of Human Know- 
ledges and in 1713 Dialogues between Hylas and Phi- 
denous : the object of both which pieces is, to prove that 
the commonly received notion of the exiftence of mat- 
ter, is falfe; that fenfible material abjects, as they are 
called, are not external to the mind, but exift in it, and 


are nothing more than impreffions made upon it by the oe 


immediate aét of God, according to certain rules termed 
laws of nature, 
wo Vows de 
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* Acutenefs of parts and beauty of imagination were 
fo confpicuous in Berkeley’s writings, that his repu- 
tation was now eftablifhed, and his cempany courted ; 
men of oppofite parties concurred in recommending 
him. For Steele he wrote feveral papers in the Guar~ 


dian, and at his houfe became acquainted with Popes 


with whom he always lived in friendhhip. 


Swift re.) 


commended him to the celebrated earl of Peterborough, -. 


who being appointed ambaflador to the king ef Sicily. 


and the Italian States, took Berkeley with him as chap. 
lain and fecretary in 1713, with whom he returned to 
England the year following. 7a . 

His hopes of preferment expiring with the fall of 
queen Anne’s miniftry, he fome time: after embraced. 
an offer made him by Afhe, bithop of Clogher, of ace 
companying his fon ina tour through Europe. In this 
he employed four years ; and befides thofe places which 


fall within the grand tour, he vifited fome that are Iefs } 


frequented, and with great induftry collected materials 
for a natural hiftory of thofe parts, but which were un- 
fortunately loft in the paffage to Naples. . He arrived 
at London in 17213 and being much affected with the 
miferies of the nation, occafioned by the South-fea, 


fcheme in 1720, he. publifhed the fame year dn Ejay’ 


towards preventing the ruin of 


‘ Great Britain: reprinted 
in his M:fellaneous Traéts. : 


His way was now open into the very firft company.’ 


Pope introduced him to lord Burlington, by whom he, 


was recommended to the duke of Grafton, then ap- 
pointed lord-lieutenant of Ireland, whe took Berkeley 
over as one of his chaplains in 1721. 


and dottor in divinity : and.the year following he had 
avery unexpe@ted increafe of fortune from the death, 
of Mrs, Vanhomrigh, the celebrated Vaneffa, to whony 
he had been introduced by Swift: this lady had in- 
tended Swift for her heir; but perceiving herfelf to 
be flighted by him, she left her fortune, of 8oool. be. 
tween her two executors, of whom Berkeley was ones 
In.1724 he was promoted to the deanery of Derry, 
worth t1ool. a year. . ‘ 
_ In 1725 he publithed, and it has fince been res 
printed in his Mifcellaneous Tracts, 4 Propofal for cons 
werting the favage Americans .to Chriftianity, by a cols, 
lege to be ereEted in the Summer Mfles, otherwife called the 
Tftes of Bermuda. The propofat was well received, at 
leaft by the king ; and he obtained a charter for founds 
ing the college, witha aebeerriney | grant of 20,000]. 
towards carrying it into execution: but he could never 


get the money, it being otherwife employed by the. 


minifter; fo that after two years flay in America on, 


this bufinefs, he was obliged to return, and the icheme - 


_ dropped. : 
In 1732 he publithed The Minute Philofopher, in z 
volumes 8vo, againft Freethinkers. In 1733 he was madé 
bithop of Cloyne; and might have been removed in 
3745, by lord Chefterfield, to Clogher 5 but declined 
it. He refided conftantly at Cloyne, where he faith- 
fully'difcharged all the offices of a good bithop, yet 
continued his fiudies with unabated attention.“ 
About this time he engaged in a controverfy with 
“the mathematicians, which made a good deal of noife 
in the literary world ;. and the occaiion of it was this: 
2 -Dd _ Addifon 


The Jatter part: 
of this year he accumulated the degrees of bachelor, 
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Addifon had given the bifhop an account of the. beha- 
. Viour of their common friend Dr. Garth in his laft 
illnefs, which was equally unpleafing to both thefe ad- 
vocates of revealed religion. For when Addifon went 
to fee the dogtor, and began to difcourfe with him fe- 
tioufly about another world, “ Surely, Addifon, re- 
plied he, I have good reafon not to believe thofe trifles, 
fince my friend Dr. Halley, who has dealt fo much in 
demonftration, has affured me, that the doétrines of 
chriftianity are incomprehenfible, and the religion it- 


felf an impofture.” ‘The bifhop therefore took up arms - 


againft Halley, and addreffed to him, as to an Infidel 


‘ Mathematician, a difcourfe called The Anahft ; witha * 


view of fhewing that myfteries in faith were unjuftly 
ebjected to by mathematicians, who he thought ad- 
mitted much greater myfteries, and even falfhoods in 
fcience, of which he endeavoured to prove that the doc- 
, trine of Fluxions furnifhed a clear example. ‘This at- 
tack gave occafion to Rodins’s Difecurfe concerning the 
Method of Fluxions, to Maclauvin's Flixions, and to other 
finaller works upon the fame fubjeét; but the direé&t an- 
fwers to The Analyft were madg by a perfon under the. 
name of Philalethes Cantabrigienfis, but commonly fup- 
pofed to be Dr. Jurin, whofe firt piece was, Geometry 
no Friend to Infidelity, 1734. "To this the bithop re- 


plied in 4 Defence of Freethinking in Mathematics; with * v 
.~and family, to Oxford, partly to fuperintend the educa~ 


aan Appendix concerning Mr. Walton's Vindication, 1735 3 
which drew a fecond anfwer the fame year from Phila- 
lethes, under the title of T4e Minute Mathematician, 
or The Freethinker no juft Thinker, 1735... Other writ- 
ings in this controverfy, befide thofe before mentioned, 
were 3 
“1. A Vindication of Newton’s Principles of Fluxions. 
tigain# the objections contained in the Analyit, by J, 
alton, Dublin, 1735- we : ° 
'g, The Catechifm of the Author of the Minute 
Philofopher fully anfwered, by J. Walton, Dublin,” 


35+ ‘ 
Ee Reafons for ‘not replying to Mr. Walton’s Fall: 
Anfwer, ina letter to P. T. P. by the author of the 
Minute Philofopher, Dublin, 1735. : F 
.. 4 An Introduétion to the Deétrine of Fluxions, anc 


Defence of the Mathematicians againft the objections of: 


the author of the Analyft, &c. Lond. 1736. 
5. Anew Treatile of Flaxions ; with anfwers to the 
principal objections in"the Analyft, by James Smith, 
A.M. Lond. 1737. : vs P 
6. Mr. Robins’s Difcourfe of Newton’s Methods of 
Floxions, and of Prime and Ultimate Ratios, 1735+ 
7. Mr. Robins’s Account of the preceding Dit 
courfe, in the Repub. of Letters, for October 1735. 
: 8. Philalethes’s Confiderations upon fome paflages _ 
. gontained in two letters to the author of the Analyft 
&c,'in Repub. of Letters, Novemb. 1735- 

. Mr. Robins’s Review of fome of the principal 
ebjections that have been made to the doétrine of. 
Fluxions &c, Repub. of Letters for Decem. 1735. - 
2-40, Philalethes's Reply to dito, in the Repub. of 
Letters, Jan. 1736. . 

' “a1. Mr. Robins’s Differtation, fhewing that the ac- 
count of the doétrines of Fluxions &c, is agreeable to. 
the real fenfe and meaning of their great Inventor, &c, 
Repub, of Letters, April 1736, - Be se 
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12. Philalethes’s Confiderations upon ditto, in Re- 
pub. of Letters, July 1736. eae , 

13. Mr. Robins’s Remarks on ditto, in Repub. of 
Letters, Aug. 1736. 0 - : 

14. Mr. Robins’s Remainder of ditto, in an Appene 
dix to the Repub. of Letters, Sept. 1736. 
. 1% Philalethes’s Obfervations upon ditto, in an Ap- 
pendix to the Repub. of Letters, Nov. 1736. 

16. Mr, Robins’s Advertifement in Repub. of Lets 
ters, Decemb. 1736. 
17. Philalethes’s Reply to ditto, in an Appendix to 
_the Repub. of Letters for Decem. 1736, Boas 

18. Some Obfervations on the Appendix to the Re- 
pub, of Letters for Decem. 1736, by Dr. Pemberton, 


in the Works of the Learned for Feb, 1737.. With . 


fome fmaller pieces in the fame. 

In 1736 bifhop Berkéley publithed The Querift, “@ 
difcourfe addreffed to magiftrates, occafioned by the 
enormous licence and irreligion of the times ;” and 
many other things afterward of a fmaller kind. In 


+ 


“1744 came out his celebrated and curious book, «¢ Siri; - 


a Chain of Philofophical Reflections and Inquiries cone 
cerning the virtues of Tar-water.’’ It had a fecond 
impreffion, with additions and emendations, in 17473 
and was followed by Farther Thoughts on Tar-water, in 
1752. In July the fame year he removed, with his lady 


tion of a fon, but chiefly to indulge the paffion for 


learned ‘retirement, which, had always ftrongly pof- 


feffed him. “He would have refigned his bithoprick for 
acanonry or headfhip at Oxford ; but it was not per- 
mitted him. Here he lived highly refpetted, and col- 


leéted and printed the fame year all his fmaller pieces | 


in 8vo,. But this happinefs did not long continue, be 


“ing fuddenly cut off by a palfy of the heart Jan. 14, 


1753, in the 6gth year of his age, while liftening toa 
fermon that his lady was reading to him. 
‘The excellence of Berkeley’s moral character is cone 
fpicuous in his writings: he was certainly a very amiable 
‘as well as a very great man; and it is thought that 


-. Pope fearcely faid too much, when he afcribed 


« To Berkeley every virtue under heaven.” 


BERME, in Fortification, a fmall fpace of ground, 4 
or 5 feet wide, left without the rampart, between it ant 
the fide of the moat, to receive the earth that rolls down. 
froex the rampart, and prevent its falling into the ditch 


and Hiling it up.—Sometimes, for greater fecurity, the - 


berme is pallifadoed. : : 
BERNARD (Dr. Eowarp), a learned aftronomery 
‘critic and linguift, was born at Perry St. Paul, near 
Towcefter, the 2d of May 1638, and educated at Mer- 
chant-Taylor’s fchool, and at St. John’s college Oxfords 

- Having laid ina good fund of claffical learning at {chool, 
“in the Greek and Latin languages, he applied himfelf, 
very diligently at the univerfity to the ftudy of hiftory, 
the eaftern languages, and mathematics under the cele+ 
brated Dr. Wallis. In 1668 he went to Leyden to 
confalt fome Oriental manufcripts left to that univerfity 
by Jofeph Scaliger and Levin Warner, and_efpecially 
the sth, 6th, and 7th books of Apollonius’s Conies, the 
Greek. text of which is loft, and this Arabic verfion 
celebrated 
- . Golius. 
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Gelius, a tranfcript of which was thence taken by Ber- 


nard, and brought with him to Oxford, with intent to _ 


publith it there with a Latin tranflation ; but he was 
obliged to drop that defign for,want of encouragement, 
"This however was afterwards Curried into effect by Dr. 
Halley in 710, with the addition ef the 8th book, 
which he fupplied by his own ingenuity and induftry. ~ 

At his return to Oxford, Bernard examined and.col- 
Jated the moft valuable manufcripts in the Bedleian li- 
brary. In 1669, the celebrated Chriftepher Wren, 
Savilian profeffor of aftronomy at Oxfard, having been 
appointed furveyer-general of his majefty’s works, and. 
being much detained at London by this empleyment, 
obtained leave to name a deputy at Oxford, and pitched 
upon Mr. Bernard, which engaged the latter ina more 
prticular application to the ftudy of aftronomy. But 
in 1673 he was appointed to the profefforhhip himfelf, 
which Wren was obliged to refign, as, by the ftatutes 
of the founder, Sir Henry Saville, the profeflors are 
net allowed to hold any other office either ecclefiattical 
or civil. : ‘ 

About this time a {cheme was fet’on foot at Oxford, 
of collecting and publithing the ancient mathematicians. 
Mr. Bernard, who had firft formed the projea, collected 


all the old books publifhed on that fubjeét fince the in- - 


vention of printing, and all the manufcripts he could 
difcover in the Bodleian and Savilian libraries, which he 
arranged in order of time, and according to the matter 
they contained ; of this he drew up a fynopfis or view 5 
_ and asa fpecimen he publifhed a few theets of Euclid, 
containing the Greek text, and 2 Latin verfion, with 
Proclus’s Commentary in Greek and Latin, and learned 
{cholia and corollaries. The fynopfisitfelf was publithed 
by Dr. Smith, at the end of his life of our author, under 
the title of Veterum Mathematicorum Grecorum, Latino~ 
rum, et Arabum, Synopfis, And at the end of it there is 
a catalogue of fome Greek writers, whofe werks are fup- 
pofed to be loft in their own language, but are pre- 
ferved in the Syriac or Arabic tranflations of them. _ 
Mr, Bernard undertook alfo an edition of the Parva 
Syntaxis Alexandrina 3 in which, befides Euclid, are 
contained the fmall treatifes of ‘Theodofius, Menelaus, 
Ariftarchus, and Hipficles ; but it never was publithed. | 
In 1676 he was fent to France, as tutor to the dukes 
of Graften and Northumberland, fons to king Charles 
the 2d by the dutchefs of Cleveland, who then lived with” 
their mother at Paris: but the fimplicity of his man- 
ners not fuiting the gaiety of the dutchels’s family, he 
returned about a year after to Oxford, and purfued his: 
ftudies ; in which he made great proficiency, as appears 
_> by bis many learned and critical works. In 1691, be-_ 
" Gng prefented to the rectory of Brightwell in Berkfhire,’ 
he quitted his profefforfhip at Oxford, in which he was 
fucceeded by David Gregory, profeflor of mathematics 
at Edinburgh. . . 
‘Toward the latter end of his life he was much affiGed 
_with the ftone; yet notwithitanding this, and other 
infirmities, he undertook a voyage to Holland, to attend 
the fale of Golius’s manufcripts, as he had once before 
done at the fale of Heinfius’s library. On his return to 
England, he fell into a languifhin confumption, y 
put an end to his life the s2th of 5 Pre 1696, in the. 
g&th year of his age. ” f 
Belide the warke-of his before mentioned, he was 
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’ alluding particularly to aflronomy, 


which © 


r 
BER. 


author of many other compofitions. He compofed ta- 

bles of the longitudes, latitudes, right-afcenfions, &e, 
of the fixed ftars: he wrote Obfervations on the Ob-, 
liquity of the Ecliptic; and other pieces inferted in tho . 
Philofophical Tranfactions, He wrote alfo, ~ 

1. A Treatife of the Ancient Weights and Meafures. 

2. Chronologie Samaritanee Synopfis, in two tables. 

3. Teftimonies. of the Ancients concerning the Greek 
Verfion of the Old Teftament by the Seventy. : 

‘And feveral other learned works, Befides a great 
number of valuable manu(cripts left at his death. 

> BERNARD (Dr. Jannah profeffor of philofophy 
and mathematics, and minifter of the Walloon church 
at Leyden, was born September the rit 1658, at Nions’ 
in Dauphine. . Having ftudied at Geneva, he returned, 
to France in 1679, and waschofen minifter of Venterol, 
a village in Dauphine; but fome time after he'was re~ 
moved to the church of Vinfobres in the fame province. , 
To avoid the perfecutions againft the proteftants in 
France, he went into Holland, where he was appeinted 
one of the penfionary minifters of Ganda. He ‘here 
publifhed feveral political and hiftorical works, And in 
1699 he began the Nowvelles de la Republique des Lettres, 
which continued till December1710. In 1705 he was 
chofen minifter of the Walloon church at Leyden; and 
about the fame time, Mr. de Volder, profeffor of phi- 
lofophy and mathematics at Leyden, having refigned, 
Mr. Bernard was appointed his fucceffor; upon which 
occafion the univerfity alfo prefented him with the de~ . 
grees of dodtor of philofophy and mafter of arts. In 
1716 he publifhed a fapplement to Moreri’s diétionary 
in 2 volumes folio. The fame year he refumed his Nou~ 
welles de la Republique des Lettres ; which he continued 
till his death, which happened the 27th of April 1718, 
in the 6oth year of hisage. © 

BERNOULLI (James), a celebrated rhathemati+ 
cian, born at Bafil the 27th of December 1654. Have 
ing taken his degrees in that univerfity, he applied 
himfelf to divinity at the entreaties of his father, but - 
againtt his own inclination, which ied him to aftronomy 
and mathematics. He gave very early proofs of hit: 
genius for thefe fciences, and foon became a geometri- . 
cian, without a preceptor, and almoft without books 5° 
for if one by chance fell into his hands, he was obliged 
to conceal it, to avoid the difpleafure of his father, wha 
defigned him for other ftudics. This fituation induced. 
him to choofe for his device, Phaeton driving the chae 
riot of the fun, with thefe words, Invito patre fidera 
verfo, “ I traverfe. the ftars againt my father’s will :” 
to which he ther 
chiefly applied himfelf. 

In 1676 he began his travels. When he was at Ge. 
neva, he fell upon a method to teach a young girl to 
write who had been blind from two months old. At 
Bourdeaux he compofed univerfal gnomonic tables 7 but 
they were never publifhed. He returned from France 


<to his own country in 1680, About this time there 


appeared a comet, the return of which he foretold ; and 
wagte a fmall treatife upon it. Soon after this he went 
into Holland, where he applied himfelf to the ftudy of 
the new philofophy. Having vifited Flanderc and Bra< 
bant, he paffed over to England; where he formed an 
acquaintance with the moft eminent men in the {ciences, 
and was frequent at their philofophical meetings. He 

dz : eee ” returned 
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returned to hie native commtry in 1682: and exhibited 
at Bafil a courfe of experiments in natural philofophy. 
and mechanics, which confifted of a variety ef new dif- 


coveries. The fame year he publifhed his. Flay ona _ 


new Syftem of Comets; and the year following, his 
Differtation on the weight of the air, About this time 
Leibnitz having publifhed,. in the A&ta Eruditorum at 
Leipfic, fome effays on his new Calenlus Differentialis, 


but concealing the art and method of it, Mr. Bernoulli - 
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Bernorlli, concerning the catenary, or curve formed by 

‘a chain fufpended by its two extremities. ~~ 

« John Bernoulli had the degree of doftor of phyfic 

at Bafil, and two years afterward was named profeffor 

of mathematics in the univerfity of Groningen. It 

was here that he difcovered the mercurial phofphorus or 

luminous barometer ; and where he refolved the problem 

propofed by his brother concerning Ifoperimetricals. ~ 
On the death of his brother James, the profeffor at 


and: his brother John difcovered, by the little which “Balil, out author returned to his native country, againft 
they faw, the beauty and extent of it: this induced -the preffing invitations of the magiftrates of Utrecht 
them to endeavour to unravel the fecret; which they te come to that city, and of the univerfity of Groningen, 
did with fuch fuccefs, that Leibnitz declared that the, who wifhed to retain him. The Academic Senate of Bafil 
invention belonged to them as much as to, himfelf. " foon appointed him to fucceed his brother, without af- 

In 1687 James Bernoulli fucceeded to the profeffor- fembling competitors, and contrary to the eftablithed 
fhip of mathematics at Bafil ; a truft which he difcharged practice: an appointment which he held during his 


with great applaufe; and his reputation drew a great 
number of foreigners from all parts to attend his lec- 
tures. In 1699 he was admitted a foreign member of 
the Academy ef Sciences of Paris;“and in 1701 the 


whole life. 

In 1714 was publithed his treatife on the manages 
ment of fhipe; and in 1730, his’ memoir on the ellip~ 
tical figure of the planets gained the prize of the Aca- 


fame honour was conferred upon him by the Academy demy.of Sciences.” ‘I'he fame academy alfo divided the 
of Berlin: in both of which he publithed feveral inges prize, for theit queftion concerning the inclination of 


nious compofitions, about the years 1702, 3, and 4. 
He wrote alfo feveral pieces in the 4@a ,Eruditorum of 
Leipfic, and in the Yournal des Sgavans, His intenfe 


application to ftudy brought upon him the gout, and . 


by degrees a flow fever, which put a period to his life: 
the 16th of Auguft 1705, in the sift year of hisage.— 

Archimedes having found out the proportion of a {phere 

and its circumfcribing cylinder, ordered them to be en- 

gfaven on his monument: In imitation of him, Ber- 

noulli appointed that a logarithmic fpiral curve fhould 

be infeibed on his tomb, with thefe words, EFadem 

mutata refurgo; in allufion to the hopes of the refur- , 
rection, which are in fome meafure reprefented by the 

properties of that curve, which he had the honour of 
difcovering. : 

James Bernoulli had an’excellent genius for invention 
and elegant fimplicity, as well as a clofe application, 
He was eminently fkilled in all the branches of the ma- 
thematics, and contributed much to the promoting the 
new analyfis, infinite feries, &c, » He carried to a great 
height the theory of: the quadrature of the parabola ;° 


‘the geometry of curve lines, of {pirals, of cycleids and _ 


epicycloids, : 
His works, that had been publithed, were collected,’ 
and printed in 2 volumes.4to, at Geneva in 1744. At 


the planetary orbits, between our author gnd his fon. 
Daniel.. ye tute Be we 
** John Bernoulli was a:member of moft of the acade- - 
mies of Europe, and received as a foreign affociate of'* 
that of Paris in 1699. After a long life fpent in con--+ 
flant ftady and improvement of all the branches of the : 
mathematics, he died full of honours the 1ft of January ¢ 
1748, in the 81f year of his age. , Of five fons which he ° 
had, three purfued the fame {ciences with himfelf., One. 
of thefe died before him; the two others, Nicolas and 
Daniel, he lived to fee become eminent and much re-:: 
{peed in the fame fciences. . : 
The writings of this great man were difperfed : 
through the periodical memoirs of feveral academies, as . 
well as in: many feparate treatifes. And the whole of » 
‘them were carefully cellected and publithed at Laufanne + 
and Geneva, 1742, in 4 volumes, 4to. : 
BERNOULLI (Dantet), a celebrated phyfician’ 
and philofopher, and fon of John Bernoulli laft mention-" 
ed, was born at Groningen Feb. the gth, 1700, where» 
his father was then profeffor of mathematics. He was. 
intended by his father for trade, but his genius led‘hiny’ 
to other purfuits. He paffed fome time in Italy; andy 
at 24 years of age he declined the honour offered him: | 
of becoming prefident of an academy intended to have. 


the time of his death he was occupied on a great work been eftablifhed at Genoa, He fpent feveral years with: 


entitled De Arte ConjeGandi, which was publithed in 4to, |” 
in 1713. Tt contains one of the beft and moft elegant‘ 
‘introductions to Infinite Series, &c. This pofthumous. 
work is omitted in the collection of his works above, 
mentioned, aa = ee ee 
BERNOULLI (Joun); the “brother of - James, - 
laft mentioned, and a celebrated mathematician, was 


eat credit at Peterfburgh; and in 1733 returned tos 

afil, where his father was then profeflor of mathema-: 
tics; and here our author fucceflively filled the chair of - 
phyfic, of natural and of fpeculative philofophy, °. 

In his work Exercitationes Mathematice, 1724, he. ° 
took the only title he then had, viz, ‘Son of John 
Bernoulli,” and never would fuffer any other to be added. 


born at Bail the 7th of Auguft 1667. His father in- toit, This work was publifhed in Italy, while he was 
tended him for trade; but his own inclination was at, there on his travels; and it claffed him. in the-tank of 
firft for the. Belles-Lettres, which however, like his . inventors. In his work, “Hydredynamica, publithed in’ 
brother, he left for mathematics. He laboured with .4to at’ Argentoratam or Strafbourg, in 1738, to the 
hia brother to difcover the method ufed by Leibnitz, - z-fame title was alfo added that.of Med. Prof. Ba/il. 
in his eflays on the Differential Calculus, and gave the. Daniel Bernoulli wrote a multitude of other pieces, 
firft principles of the Integral Calculus. ‘Our author, ‘which have been publifhed in the Mem. Acad. of Sci- 
with Meffieurs Huygens and Leibnitz, was the firft ences at Paris, and in thofe of other Academies. He 
who gave the folution of the problem propofed by James” gained and divided ten prizes from the ear of 
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Sciences, which were contended for by the moft illuftri- 
ous mathematicians in Europe, The only perfon who 


jas had fimilar fuccefs of the fame kind, is Euler, his _ 


countryman, di(ciple, rival, and friénd, . His firit prize 
he gained at z4years ofage. In 1734 he divided one 
with his 
father confidered the conteft itfelf as a want of refpects 
and the fon did not fufficiently conceal that he thought 
(what was really the cafe) his own piece better than his 
father’s, And befides, he declared for Newton, againit 
whom his father had conterded all his life. In 1740 our 
author divided the prize, «* On the Tides of the Sea,” 


with Kaler and Maclaurin. ‘The Academy at the fame . 


time ‘crowned a fourth ‘piece, whofe chief merit was 
that of being Cartefian; but this was the lait public 
aét of adoration paid by the Academy to the autherity 
of the author of the Vortjces, which it had obeyed 
but too long. In 1748 Dailfe!- Bernoulli fucceeded his 
* father John in the Academy of Sciences, who had fuc. 
ceeded his brother James; this place, fince its firft 
erection in 1699, having never been without a Bernoulli 
to filb it. oe 
Our author was’ extremely refpected at Bafil; and 
to bow to Daniel Bernoulli, when they met him in the 
ftreets, was one of the firfl lefions which every father 
gave every child. He was a man ef great fimplicity 
and modefty of manners. He ufed to tell two little 
adventures, which he faid had given him more plea- 
- fare than all the other honours he had received. “Tra- 
velling with .a learned ftranger, who, being pleafed 
with his converfation, afked his name; *¢ I am Daniel 
Bernoulli,” anfwered he with great medefty ; “ And 
I,” faid the ftranger (whg. thought he meant to laugh 
at him), «am Ifaac Newton.” Another time having 
to dinner with him the celebrated Koenig the mathe- 
matician, who boafted, with’ fome degree of felf-com- 
placency, of a difficult problem he had refolved with 
much trouble, Bernoulli went on doing the honours 
of his table, and when they went to drink coffee he 
prefented Koenig with a folution of the problem more 
elegant than his own. fe : 
After a long, ufeful, and honourable life, Daniel 


Bernoulli died the 17th of March 1782, in.the 83d... 


ear of his age. : 


BEFELGEUSE, a fixed ftar of the fir magni- 


tude in the right fhoulder of Orion. . ~ 

BEZOUT (Sreruen), a celebratéd French mathe- 
matician, Member of the Academies of Sciences and 
the Marine, and Examiner of the Guards of the Ma- 
rineand of the Eleves of Artillery, was born at Nemours 


» the g1ft of March 1730.- In’ the courfe of his ftu- _ 


dies he met with fome books of geometry, which gave 
him a tafte for that fcience; and the Eloges of Fon- 


tenelle, which fhewed him the honours atiendant on». * 
talents and the Jove of the {ciences. His father in vain -- 


-oppofed the {trong attachment of young Bezout to the 
mathématical fciences. “April 8,1758, he was named 
adjoint-mechanician ‘in the French academy of Sci- 
ences; having before that fent them two ingenious 
memoirs on the integral calculus, and: given other 

roofs of his proficiency in‘ the fciences. In 1763, 

e was named to the new Office of Examiner to the 
Marine, and appointed to compofe a Courfe of Ma- 
thematics for their wfe; and in 3768, amp the. death of 
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father; which hurt the family union; for the’ 
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M. Camus, he facceeded as Examiner of the Artillesy 
Eleves. : ne 

Bezout fixed his attention more particufarly to the 
refolution of algebraic equations ; and he firft found out 
the folution of a particular clafs of equations of all de~ 
grees, This method, different from all former ones, 
was general for the eubic and biquadratic equations,and 
juft became particular only at thofe of the fifth degree. , 
Upon this work of finding the roots of equations, our 
author laboured from 1762 till 1779, when he pub- 


-lithed it. He compefed two courfes of mathematics 5 


the one for the Marine, the other for the Artillery: 
The foundation of thefe two works was the fame; the: 
applications only being different, according to the two 
different objeéts: thefe courfes have every where been 
held in great eftimatien. In his office of examiner he - 
difcharged the duties with great attention, care, and 
tendernefs ; a trait of his juftice and zeal is remarkable 
in the following infance: Daring an examination 
which he held at Toulon, he was told that two of the 
pupils could not be prefent, being cenfined by the - 
fmall-pox: he himfelf had never had that difeafe, and 
he was greatly afraid of it; but as he knew that if he 
did not fee thefe two young men, it would mach impede: - 
their improvement; he ventured therefore to their. 
bed-fides, to examine them, and was happy to find: 
them fo deferving of the hazard ‘he put himfelf into 
for their benefit.: ve “2, Bee 
Mr. Bezout lived thus feveral years beloved of his 
family and friends, and refpetted by all, enjoying the 
fraits and the credit of his labours. But the trouble -’ 
and fatigues of his offices, with fome perfonal cha~. 
grines, had reduced his ftreagth and conftitution ; he - 
was attacked by a malignant fever, of which he died 


“Sept. 27, 1783, in the 54th year of his age, regretted ~ 


by-his family, his friends, the young ftudents, and by 
all his acquaintance in general. 

The books publithed by him were: ‘ 

1. Courfe of Mathematics for the ufe of the Marine, 
with a Treatife on Navigation; 6 vols, in 8vo, Paris,. 
1764. 

2. Courfe of Mathematics for the Corps of Artillery s 
4 vols. in 8vo, 3770- pes : 

“3, General Theory of Algebraic Equations; 1779. 
-, His papers printed in the volumes of the Memoirs 
ef the Academy of Sciences, are: 

1. On curves whofe reétification depends ona given 
quantity ; in the vol. for 1758. : : 

2. On feveral claffes of equations that admit of am 
algebraic folution ; 4762, : en: 

3. Firft vol. of a courfe of mathematics, 1754. ~ 
* 4, On certain equations, &c 5.1764. ra 

5. General refolution of all equations 5 1765+ 

6. Second vol, of a courfe of mathematics 5 1765. 

7. Third vol. of the fame; 1766, wos 
_ % Fourth vol. of the fame 5. 1767.- 7 : 

g. Integration of differentials, &c. vol. 3, Sav. Etre. 

10, Experiments on colds 1777. — é : 
. BIANCHINI (Francis), a very learned Italian. 


.. Philofopher and mathematician of the + 7th century, 
* was born at Verona the 13th of December:1662. He. 


was much efteetned by the learned, and was a mem- | 

ber of feveral academies; and was even the founder , 

of that at-Verons, called che Academy of Ale oe or 
overs. 


“BIN 


“was made ‘ibrarian to cardinal Ottoboni, who was 
afterwards Pope by the name of Alexander the 8th. 
He entered into the church, and became canon of St. 
Mary de la Retondo, and afterward of St. Lawrence 
in Damafo. Pee cn a 
~Bianchini was author of feveral Jearned and ingenious 
differtations. ~ In 1697 he publifhed La Iferia univer- 
fale provata con monumenti, EF figurata con fimboli de gli 
‘antichi. In 1701 pope Clement the rth named him 

~ fecretary of the conferences for the reformation of 

© the calendar; and he publithed in 1703, De Calen- 
dario &F Cycle Cafaris, ae de Canone Pafchali fandi 
Hyppoliti, Martyris, Differtationes dua. Bianchini was 
employed on the conftruétion of the large gnomon in 
the church ef the Chartreux at Rome, upon which 
he publithed an ample differtation intitled, De Nummo 
& Gromone Clementine. ‘The refearch concerning the 
parallax and the fpots of Venus occupiéd him a long 
time; but his moft remarkable difcovery is that of the 


parallelism of the axis of Venus in her orbit. He pro-° 


pofed to trace ameridian line through the whole extent 
- of Italy. He was admitted a foreign Affociate in the 
Paris Academy of Sciences, in 1706; and he had 
many aftronomical differtations inferted in their Me- 
moirs, particularly in thofe of the 
.. 1704, 1706, 1707, 1708; 
. died the 2d of March 1729, 


age. 

: SSIMEDIAL Line, is the fam of two Medials. 
Euclid reckons two of thefe bimedials, in pr. 38 and 
39 lib. x5 
which is contained by the two medial lines whofe fum 
makes the bimedial; and the fecond when that rec- 
tangle isa medial, or contained under two lines that 
are commenfurable only in power. 

BINARY Number, that which is. compofed of two 
units. 

Binary Arithmetic, that in which two figures or 
characters, viz. 1 and o, only are ufed the cipher mul- 
tiplying every thing by 2, as in the common arithme- 
tic by ten: thus, 1 is one, 10 is 2, 11 is 3, 100 is 4, 
AOL 18 5, E10 is 6, 111 is 7, 1000 is 8, 1001 is 9, 1010 
is ten; being founded on the fame principles as com~- 
mon arithmetic.—T his fort of arithmetic was invented 
by Leibnitz, who. pretended that it is better adapted 
than the common arithmetic, for difcovering certain 

- sproperties of numbers, and for conftructing tables; but 
‘he does not venture to recommend it, for ordinary ufe, 
on account of the great number of places of figures 
jap to exprefs all eumbers, even very {mall ones. 

. Jof. 

. pase and practice of the binary arithmetic, in a 

* book entitled Arishmeticus Perfedus, qui tria numerare 
nefits 1712. And De Lagni propofed 2 new fyftem 
of logarnhms, on the plan of. the binary arithmetic 5 

“+ which he finds fhorter, and more eafy and natural than 
the common ones. : 

BINOCLE, or Binocurar Tevgscore, is one 

* by which an objeét is viewed with both eyes at the fame 
time. It confifts of two tubes, each furnifhed with 
plaffes of the fame power, by which means it has been 


-{aid to thew objects larger and more clearly than a mos 
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Lovers of Truth. He went to Rortie in 16345 and _ 


years 1702, 1703, , 
1713, and 1718.—Bianchini © 
in the 67th year of his, 


the firft is when the re¢tangle is rational, - 


Pelican of Prague has more largely explained the’ 


BIN ; 
noculat or fingle telefcope s though thir is probably 
only an illufion, occafioned by the fronger impreffion — : 
which two equal images, alike illuminated, make upon 
the eyes; and they have been found more. embarrafling 
than ufeful in practice. -This telefcope has been 
chiefly treated of by the fathers Reita and Cherubin 
of Orleans.—There are alfo microfcopes of the fame 

. kind, though but little afed; being {ubjeét to the fame 
inconveniences as the telefcopes. ae 
BINOMIAL, a quantity confifting of two terms’ 
or members connetted by the fign -- or —, viz, plus or 
minus; as a-+4, or 3a—=2¢, or a*-+6, or x*?—2/ey 
&c; denoting the fum or the difference of the two 
terms. But the difference is alfo fometimes named 2 
refidual, and by Buclid an apotome, The term binomial 
was firft introduced by Robert Recorde ; fee his algebra, 
» pa. 46%. . : 
Binomiat Line, or Surd, is that-in which at leat 
one of the parts isafurd. Euclid enumerates fix kinds 
of binomial lines or.furds, in the roth book of his Ele-. 
ments, which are exaétly fimilar to the fix refiduals ot: 
apotomes there treated of alfo, and of which an account 
is given under the art. APoToME, which fee. ‘Thofe 
apotomes become binomials by only changing the fign 
Of the latter term from minus tq plus, which therefore. 
areas below, : My , 
‘ Baclid’s 6 Binomial Lines, - 
Fir binomial 3 + WS» 
2d binomial 18 +4, ~ 
- gd binomial: o/a4 +18, 
: 4th binomial 44+ 4/3, 
% sth binomial /6 + 2, 
a wi th binomial ¥6 4+ /2, 
To extradt the Square Root of a Binomial, as of 
at Vb, or ¥e+ Vd. Various rules have been 
given for this purpofe. The firit is that of Lucas De 


ox 


* Burgo, in his Summa de Arith. &, which is: this.: 


When one part, a3 ay is rational, divide it into two 
parts fuch, that their produ& may be equal to jth of 
the number under the radical 6; then fhall the {um of 
“.the roots of thofe parts be the root of the binomial 
fought: or their difference is the root when the quan- 
tity isrefidual. ‘That is, if c + ¢ = a, and ce == 463 
‘then is fe + Ve = fa + Vb the root fought. 
As if the binomial be 23 + 4/4483 then the parts of 
23 are 16 and 7, and their product is 112, which is $th 
of 448; therefore the fum of their roots 4 + 4/7 is 
the root fought of 23 + 4/448. eae 
De Burgo gives alfo another rule for the fame extrac- 
tions, which is this: The given binomial being, for ex= 


= y ara 5 ——————— 
ample, fc + 78, its root will beg /E ei emo 
- vem Life — 6:—So in the foregoing ¢x= 
ample, 23-+ 4/448, here /e = 23, and fb = 4485 
hence 3c == 118, and W/e—b = He 23" — 448 
so dy8s = 435 : 
+ thereh five tive —s=V 
Vem sb 


OT et Ai 


“hand five =i Ti — 45 = 75 - 
confeq. 4 + 7 is the root fought, as before. 
Again if the binomial be 18 4 7103 ghee 


‘BIN’ 


and 6 == 10; theref. 2oyfe mf of 18 = 3/2, and 
Bfcrb = 3/8 = 23 hence, : 


Vivet hve baV/ EVE EV 2EVEVES 
t/ 2, and A wealth: a a re 


2: 


Ec feb af Ea — Vt = VV 2/3; 
confeq. i+ zor oe 
W718 + VW 10 fought. 





is. the :root -of 
And this latter rule has been ~ 
ufed by all other authors, down to the prefent time. 

To extra® the Cubic and other higher Roots of a Binomial, 
This is ufeful in refolving cubic and higher equations,. 
and was introduced with the refolution of thofe equa- 

tions by Tartalea and Cardan. The rules for uch ex 
trations are in great meafure tentative; and fome of 
the principal ones are the following. 

Portalen's Rule for the Cube Root of a Binomial p +4. 
This rule is given in his gth book of Mifcellaneous 
Queftions, queft. 403 and it is made out from either of . 
the terms, p or g, of the binomial, taken fingly, in this 
manner: Separate either term, as ~, into two fuch - 
parts that the one of them may be a cubic number, 
and the other part divifible by'3 without a remainder ; « 
then the cube root of the faid cubic part will be one . 
term of the root, and the other term will be the {quare 
root of the quotient arifing from dividing the afore-. 
faid third part by the firit term jaft found, So if p be 


divided into r° +4 3s, then the root is r+} ve For 


example, to extraét the cube root of 4/108 -+ 10. 
Suppofe the part 10 to be taken: this feparates into the 
arts 1and g, the former of which is a cube, and. the 
latter divifible by 33; that is'#*c2 1, and 35-= 9; 


hence r =: 1, and s = 3; confequently r + = 


I+ 73 is the cubic root of? 47108 “+E ro 
fought. Again, to ufe the other term 4/108: this 
divides into 4/27 -F o/27, of which the former is a 
cube, and the latter divifible by 3; that is, r°= 4/ 27, 
and 35 = 927; therefore r = 3, ands = $27 
= 3 alfo: hence r + vieniav s+ 
4/3 + 1 the cube root, the fame as before. econ 
Bombelli?s Rule for the Cubic Root of the Binomial © 
a+ f— 4, - Firft find Ra’ + 4; then, by trials, 
earch out,a number ¢, and a fquare root /d, fuch 
that the fum of their fquares c* + d be = ¢/a" + 4, 


- and alfo c?.-3¢d be = @; then thall ¢ 4+ 4/ —d be the 
cube root of a+ +f —4 fought. ‘For example, to 
find the cube root of 2°- /—m12t: here {/a" + 6 = 

“@/125 = 5; then taking ¢ = 2, and de 1, it is 

Op das t/a $b, and P—3ed = 86 = 2 = a, 
as it ought; therefure 2 + 4/—1 is the cube root of © 
2+ Y—121 fought.—Bombelli gave alfoa rule for 


the cube root of the binomial @ + 4/6, but it is good... 


for nothing, ~~ 
Albert Girard’s Rule for the Cube Root of a Binomial. 
My ‘his is given in his Juvention Nouvelle en F Algebre, and 
is explained by him thus: Let 72 + 4/5120 be the- 
: given, binomial whofe cubic rootis fought, — -. - 
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The fquare of 72 the greater term is 5184 | 
and of the lefs termis 5120: 
_ their difference 64 
its cube root 4,- = 


the two terms of the root fought; and as the rational 
part 72 of the given binomial is the greater term, theree 
fore the rational part of the required root 

will be the greater part alfo ; confequently 2 — Vo 
the cubic root fought mutt be one of the 3 +4 4/5 
binominals here fet in the margin, where 
the difference of the fquares of the terms 
is always 4, as required; and to find out 


S + 720 


‘which 4 muft be the difference between the {quares of - 


4% + Wiz 


which of them it muf be, proceed thus: The firft, | 


2+ 4/0 mutt be rejeéted, becaufe one term of it is o 


“or nothing ; alfo becaufe 5 exceeds the cube root of 
72 or 4/20 exceeds the cube.roos of 5120, there~ . 


fore 5 + 20, and all after it muft be reje€ted too; 
fo that the root muft be either 3 + V5 org + V 12, 
if the given quantity has a binomial toot: to know 
which of thefe is to be taken, it muft be confidered 
that the rational term of the root muft meafure the rae 
tional term given; and alfo the irrational term of th 
root muft meafure the irrational term given; then, on 
examination it is found that both 3 and 4 meafure or 
divide the 72 without a remainder, but that only the 
‘v5, and not v12, meafures v 5120; confequently 
rione but 3 + 5 can be the cube root of the given 
quantity 72 4 4/5120; which is found to anfwer, by 
cubing the faid root 3 + v5. 

Dr. Wallis’s Rule for the Cube Root of a Binomial 
etmvboratm/—b, In thefe forms the greateft 
rational part m’ is extracted out of the radical part, 
leaving only & the leaft radical part poffible under the 
radical fign. He then obferves that if the given quan 
tity have a binomial root, it muft be of this form 
cEay 6, with the fame radical 4, ‘Then to find the 


--value of ¢ and 2, he raifes this root to the 3d power, 
‘which gives ¢? 4 3en°b + 30% $ 0b + 7b, which 


muft be = a = mvé the given quantity; hence’ 
putting the rational part of the one quantity equal to 


_ that of the other, and alfo the radical part of the one 


equal to that of the other, gives c* 4 3cn°b = a, and 
gen 2b = m. Then afluming feveral values 


‘ Of », from, the laft equation he finds the value of 


¢3 hence if thefe values of ¢ and xz, fubftiruted in 
the firft equation, make it juft, chey are right; but 
if not, another value of » is affumed, and fo on, 
till the firft equation hold true. -And it is to be 
noted that # is always an integer or elfe the half of an 
integer, For example, if the cube root of 135 
/ 1825 be required, or 135 + 78.35 here a= 135, 


m= 78, and 6= 3; hence 3c*n + °b == m is 3070 


3n?= 78, or 72 4 n? = 26; then afluming »=1, 


this laft equation becomes * 4+ 1 = 26, from whence 


¢ is. found = 5; which values of cand » being fubfi-. : 


tuted in the fir equation <? 4 3cn*6 = a, makes 


5° + 3.5.3==170, butought to be 135, shewing that - 


€ ts too great, and confequently 2 taken too little. 


" Let a therefore be ailumed == 2, fo fhall 2c? + 8 == 26, 


and ¢ = 33 and the firft equation becomes 3° -+ 3.3. 
2>.32527.5 25135 =a as it ought, which thews 


‘that the true value of n is 2, and that of ¢ is 35 hence 


‘then the. cabe root. of 135 sk 78v3 orsshaws is 


BIN . 
gevgorgc viz. Aid in like ‘manner is the 
procefs inftitated when the number in the radical is 


negative, as the cube root of 81 + 30/3, which 
ist bv—3 . 
| coo} 3. 


Another rale for extraéting the cube root of an ima- - 


Jnary binomial was alfo given by Demoivre, at the end 
of Saunderfon’s Algebra, by means of the trife 
an arc or angle. 

Sir I. Newton's Rule for any Root of a Binomial 
a4. Jn his Univerfal Arith. is given a rule for the 
fquare- root of a binomial, which is the fame as the 2d 
of Lucas de Burgo, before given; and alfo a general. 
rule for any root of a binomial, which I have not met 
with elfewhere ; and it is this: Of the given quantity. 
at, let abe the greater term, and c the index of 
the root to be extracted. Scek the leat number # 
whofe power 2° can be divided by aa—bb without @ 
remaindey, and let the quotient be 93 Compute 


Wat bo. vin 
call r; divide av 
ing the quotient s: 
* 





the neareit integer number, which 
by its greateft rational divifor, call- 
and let the neareft integer number 


ts 





above TF be #: fo thall 





fought, if the root can be extracted. And this rule is de- 
monitrated by s’Gravefande in his commentary on New- 
ton’s Arithmetic. And many numeral exaniples, illuftra~ 
ting thisrule,are givenin s'Gravefande’s Algebra, above- 
mentioned, pa. 160, as alfo in Newton’s Univerf. Arith, 

| pa. sh ad edit. and in Maclaurin’s Algebra pa. 118. 
Other rules may be found in Schooten’s Commentary 
on the Geometry of Defcartes, and elfewhere. 

Tnpofible or Imaginary BinoMiat, is a binomial 
which has one of its terms an impoifible or an imaginary 
quantity: asa + v4 

Brnomiay Curve, is a curve whofe ordinate is ex-_ 
prefied by a binomial quantity ; as the curve whofe or- 

dinate isa® x 6+ ax. Stirling, Method. Diff. pa 
8. 3 fs 3 
; BinoMiaL 


Theorem, is ufed to denote the celebrated 
theorem given 


by Sir I. Newton for raifing a binomial 
to any power, or: for extra@ting any root of it by an 
approximating infinite feries. Tt was known by Stife- 
lius, and others, about the beginning of the 16th cen 
tury, how to raife the integral powers, not barely by a 
continued multiplication of the binomial given, but 
Stifelius formed alfo a table of numbers by a continued 
addition, which fhewed by infpetion the coefficients of 
the terms of any power of the binomial, contained 
within the limita of the table ; but Mill they could not 
independent of a table, and of any of the lower powers, 
raifa any power of @ binomial at once, by determining 
its terms one from another only, viz, the 2d term from 

_ the rit, the 3d from the 2d, and fo on as far as we 
pleafe, by a general rule; and much lefs could they 
extract general algebraic roots in infinite feries by any 

.. rule whatever. aed 


For although the nature aad conftruétion of that _ 


‘table, which is 2 table of figurate numbers, was fo 
early known, 
and the extraéting the roots of pure numbers; yet it was 
only by raifing the numbers one from another by con- 


‘tinual-additions, and then taking them from-the table 
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tion. of « 


and employed in the raifing of powers, - 
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when wanted, till Mr. Briggs firft pointed out the way 
of raifing any line in the table by itfelf, without any 
of the preceding lines; and thus teaching to raife the 
terms of any power ef a binomial, independent of any 
of the other powers; and fe gave the fubitance of the 
binomial theorem in words, wanting only the algebraic 
notation in fymbols; as is fhewn at large at pa. 7 
of the hiftorical introduétion to my Mathematical 
Tables. Whatever was known however of this matters 
related only to pure or integral powers, mo one before 
Newton having thought of extracting roots by infinite 
feries. He happily difcovered that, by confidering 
powers and roots in a continued feries, roots being as 
powers having fractional exponents, the-fame binomial 
feries would equally ferve for them all, whether the ine 
dex fhould be fraétional or integral, or whether the ferics 
. be finite or infnite. The truth of this method however 
was long known only by trial in particular cafes, and 
by induétion from analogy ; nor does it appear that 
even Newton himfelf ever attempted any direét proof 
of it: however, various demonftrations of the theorem 
have fince been given by the more modern mathemati- 
cians, fome of which are by means of the dottrine of . 
fluxions, and others, more legally, from the pure prin« 
ciples of algebra ‘only: for a full account of which, 
fee pa. 71 &c, of my Mathematical Vradts, vel. $. 
‘This theorem was firit difcovered by Sir I. Newton 
+ in 1669, and fent in a letter of June 13, 1676, to Mr. 
Oldenburgh, Sesirieny the Royal Society, to be by 
him communicated to Mr. Leibnitz s and it was in this 
Mm—2n 


: a 8 mm 
fort’? SE Ae see + Sgt te 
E Oe ep Be 3a 
yt Ea $ Sic: where p + “f7 fignifies the 
a we 
or power, or root of any powers 


is to be found ; p being the firft term of that quantity 5 
q the quotient of all the reft.of the terms divided by 


the numeral index of the power 


; tre 
quantity whofe root, 


- m 
that firft term; and = 


whether it be integral 
and laftly a, 6, ¢s de: 
veral terms in their 


the firft term p 2 


or root of the quantity p + /%, 
or fractional, pofitive or negative 5 
&c, are aflumed to denote the fe 


order as they are found, viz, a= 
6 = the 2d. term “ays ¢ r= the third term “= be, 


‘As Newton’s general notation of indices, 
he takes this occafion, to’ 
es many examples of the 
one of whiclf is.the fol- 


and fo on, 

was not commonly known, 

explain it; and then he giv 

application of this theorem, 

lowing. + 5 : : 
Ex. t. To find the value of o/c” + x or Ope E 

that is, to extract the fquare root of £ +x? in ap 

; : x 

infinite feries. Here p | Oo 7 = eB =h and 

- i ae Se : ae 


~ mn 
23 thereforé a = prac t sobs ~ ag 


as 
ac : ee : ; 
ees enh Fired &c; and therefore 
ee ze... Be se : : 
: (ares ne ee Sad 
the root fought ise + Dogs ties iasd 


Be Bese ‘A yariety- 
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A variety of other examples are alfo given in the 
fame place, by which it is fhewn that the theorem is 


of univerfal application to all forts of quantities what- 
ever " ‘ 


This thecrem is fometimes reprefented in other - 

















forms, as s 
m mn’ mM Mm. mM mm 
ax it = a feavti ag 
2 ec + n 7 + a 2n 2 + a 2a 
main Se, See 
gs + &c; which comes to the fame thing. Or. 
ga = as 
Yo th = ne. 2 man 2 ek 
aifo thus pa — p coe aor &¢s 
ee + 2 p r mn an ; 


m . 

i “5 ——ae— A. 
where the binomial isp + rs 
In another letter to Mr. Oldenourgh, of O&. 24, 
1676, Newton explains the train of reafoning by which 
he obtained the faid theorem, as follows: + in the be. 
ginning of my mathematical ftudies, when 1 was pe-- 
rufing the works of the celebrated Dr. Wallis (fee his - 
Arith. of Infinites, prop. 118, and 121, alfo his Al-- 
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the reft would be produced by the continued multipli« 
cation of the terms of this feries, 














m—O m—t1 mm 2 m— 3 mmm 4 
5 ero x x x &e. 


te For inftance, if the 2d term m= 4; then shall 


-, am _ 
4x ” z 


ry 








, or 6, be the 3d term; and6 x 





or 4, the 4th term; and 4 x Oe oe 1, the sth 


4 » or 0, the Gth; which fhews 


. ™ 
term; andi x 





that in this cafe the feries terminates. : 

“ This rule therefore J applied to the feries to be in- 

terpolated. And fince, in the feries for the circle, the 
3 


z 
2d term was a I put m % which produced 





Se eee ! t  2ame 
the terms = ae KL 
e terms = x 5 or 7 3% or 
4-3; Sor— 5; and f és 
+B + 7% rm gi an 0 on ad ine 


gebra chap. 82), and confidering the feries by the in- ~ fnitwne. And hence 1 found that the required area of 


terpolation of which he exhibits the area of the circle 
and ‘hyperbola ; for inftance, in this feries of curves, 
whofe common bafe or axis is x, and the ordinates re- 


—_——~2 es % 3. 
fpetively t xx)" 5 1 —ax}?, 1 xx *imaxl*, 
1 ay &e; I perceived that if-the arcas of the 


alternate curves, which : aes ae 
are x; ‘ 
xem dnt, 
x— 4x3 4 155, ; 
xm Bd fxd am 5x7, . 
* &c3 could be -interpolated,. we fhould obtain the 
areas of the intermediate ones; the firft of which; or 
: : 


t—<xal, is the area of the circle: now in order to 
this, it appeared that in all the feries the firt term was 
as that the 2d terms 9 x5, $3, $ #3, ¢x3, &c, were 
in arithmetical progretiion ; and confequently that the 
firft two terms of aJl the ferics to be interpolated would 
be 
ix a8, fx 
ga 


«¢ Now for the interpolation of the ret, I confidered 
that the denominators, 1, 3, 5; 7. &c, were in arith- 
metical progreffion 5 and that therefore only the nu- . 
meral coefiicients of the numerators were to be invef- 
tigated. But thefe in the alternate areas, which are 
given, were the fame with the figures of which the 
feveral powers of i1 confit, viz, of 1m, 11, 117, 
wi}, &c; that is, the Ark 

the fecond 1, ft . 
the third or, 2, 3 








» &Ce 


Km oy, 


the fourth 1, 3, 3, 3 
the fifth 1, 4; 6,4, Bes 
&e. : 


“ Lenquired therefore how, in thefe feries, the reft of 7 

the terms may be derived from the firft two beinig given; 

and | found that by putting # for the 2d figure or tern, 
Vou. a : : 


the circular feyment is 
1 i ‘ 
3? igh? oahax? 


em te 


— ke, 


3. 7 9. 
_“ And in the fame manner might be produced the 
interpolated areas of the other curves: as alfo the area 
of the hyperbola and the other alternates in this. feries 


° r ‘inten, “S 

Lf xx\*y tf xalty bf xx)*s tp xx i &c. 
Angi in the fame way alfo may other feries be interpo- 
lated, and that too if they fhould be taken at the dif- 
tance of two or more terms. 
._ This was the way then in which I firft entered upon 
thefe fpeculations; which 1 fhould not have remem- 
bered, but that in turning over my papers a few wecks 
fince, I chanced to caft my eyes on thofe relauing to 
this matter, , 

«« Having proceeded fo far, I confidered that the 

° 2 6 





terms 1 — xa) *s i— 
that is, 1” : ‘ 
Pe jo xt x 

er Le ae ; 

1 — 3x7 + 3x* — x5, &c, might be interpo- 

lated in-the fame manneras the areas gencrated by them; 
and for this, nothing more was required but to omit 
the denominators 1, 3, 5, 7, &c, in the terms exprefling 
the areas; that is, the coefficients of the terms of the 


; 3 
quantity to be interpolated, V—txx]®) or taax\?9 or 
‘i - a : 
generally 1 —xa\ » will be produced by the continued 
multiplication of the terms of this feries 
nu 
3 &e. 


2 2 
2 en 
*x)"» 1 xa} a xa *9 &e, 


Mmm 1 mn 2 








x 


4 me 
Thus, for example, there would be found 
x 


maxX x 





r— Ext xP — x8 Be, 


peREEEO 
a — xx, 





p— 3a? + axt tyr? &e. 


NF oy eb tee Ext me Ann? Be... cs a 
Ee pele. ot ~ Thus 
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«Thus then I difcovered a general method of re- 
ducing radical quantities into infinite feries, by the the- 
orem which I fent in the beginning of the former letter, 
before 1 knew the fame by the extraction of roots, 

«« But having difcovered that way, this other could 
not long remain unknown: for to prove the truth of 
thofe operations, I multiplied 1% : 

Pm bx me dxh — 5, x &, by itfelf, and the produ& 

is 1 ~ x*, all the ret of the terms vanifhing after thefe, 

in infiritum, n like manner, 

peda? bxt — 526 &c,y twice multiplied by it, 
But as this was a certain proo 


felf, produced 1 2 


of thofe conclufions, fo I was naturally led to try con-* 


verfely whether thefe feriess which were thus known to 
_be the roots of the quantity 1 — x*, could not be ex- 
tracted out of it after the manner of arithmetic; and 


upon trial I found it to fucceed. ‘The procefs for the 


fquare root is here fet down ¥: 
i 


Dmx? (1 — Ext prt x Ben 





a, 


cae 
— hat 


— fat + tof + 








Fx a my 


" « Thefe methods being found, I laid afide the othe: 
‘ way. by interpolation of feries, and ufed thefe operations 
only as a more genuine foundation, Neither was T 
ignorant of the reduction by divifion, which is fo much 
eafier,” | See Collins’s Commercium Epiftolicum. . 


And this ig all the account that Newton gives of the : 


invention of this theorem, which is engraved on his” 
monument in Weitminfler Abbey, as one of his great- 
eft difcoveries. 

BIPARTIENT, is a number that divides another 
into two equal parts without a remainder. So 2 isa 
bipartient to 4, and § a bipartient to 1@, i 

BIPARTITION, is a divifion into two equal parts. 

BIQUADRATE, or Brquapraric Power, is the 
fquared fquare, or 4th power of any number or quan- 
tity. Thus 16 is the biquadrate or 4th power of 2, or 
it is the {quare of 4 which is the 2d power of 2, 
. Brquaperatic Root, of any quantity, is the {quare 
root of the fquare root, or the 4th root of that quan- 

_ tity. So the biquadratic root of 16 is z, and the biqua-. 
dratic root of 84 is 3. : : oe 

Biquapratic Equation, is that which. rifes to 4 
dimenfions, or in which the unknown quantity rifes to 
the 4th power; as xt -- ax3 4 bx” -4+ cx 4+ d==0. 

Any biquadratic equation may be conceived to be 


generated or produced from the continual multiplica~’ _ 


tion of four fimple equations, 


asx—p Xx—¢g Xx—rXa—s=0; 
or from that of two quadratic eqautions, | 


asa*-+ pxtg Xx rx psmoa;* eee 
or, laftly, from that of a cubic and a fimple equation, 














esiiene,  tteinses as POR re : 
asx—p X x +4 gx* + rx +s=0: which was the. 


invention of Harriot. And on the contrary, a biqua- 


dratic equation may be refolved into four fimple equa-_ 
tions, or into two quadratics, or into a cubic and a fim-* 





ple equation, haying all the fame roots with hk. 
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1 Ferrari's Method for Biquadratic Equations: + 
~ The fir refolution of a biquadratic equation was 
+ given in Cardan’s Algebra, chap. 39, being the inven- 
tion of his pupil! and friend Lewis Ferrari, about the 
year 1540. This is effected by means of a cubic equa- 
tion, and is indecd a method of deprefling the biqua- 
dratic equation toa cubic, which Cardan demonttrates, 
and applies in a great variety of examples. ‘The prin 
_ ciple is very general, and confilts in completing ane fide 
of the equation up to a fquare, by the help cf fome 
multiptes or parts of its own terms and an affumed un: 


f'*"known quantity ; whioh it is always ealy to do; and: 


then the other fide is made to be a fquare alfo, by af- 
“fuming the produ of its mt and 3d terms equal to* 
the fquare of half the 2d term; for it confiits only of. 
three terms, or three different denominations of the 
original letter; then this equality will determine the 
value of the affumed quantity by a cubic equation: other 
* circumflances depend on the artift’s judgment. But the- 
method will be farther explained by the following ex- 
amples, extra&ted from Cardan’s book. 
£x. 1, Given xt -+- 6x” 4° 36 = 6ox, to be refolved? 
Add 6x* to both fides of the equation, fo thall 


2 
xt szx? + 36 or x* FO} == 6x7 4 box. 
Affume y, and add x? + 6)ay + 9? to both fides, then is- 
ae 6) $e 6. aye 9? = 6x7 4 Fox i. 
x 4+ 6. zy + orx* £6 + 7 x= 6 aye x 
+ Gox fray fy ~ ee pea: 
Make now the 1ft x 3d term = 2.{q. 2d, 

. this gives 6 + 2p. tay + y®. 
2 OTP ty + 367 = 4403 and hence 
Y= 2875 + 804495 + 3/2875 — 804451 5, 
‘From which x may be found by a quadratic equation, 
£x.2, Gienat=x 2 - to , 
sBefore applying Ferrari’s method to this example, : 
Cardan refolves it by another way as follows: fubtraét 1, . 
then is xt 1 = x + 13 ‘divide by x +71, then is. 
Bom x? em be 1, or x? ae = x* 4 2; and hence: 

soso 
eV yet 4a7 fh pee _ AD + 1. 
i 2916 54 2916 54, 3: 
But to refolve it by Ferrari’s rule: 
“Becaufe x# =='x 4+ 2. therefore . ” 
<2 ‘ oa, 
wt bh yx? by ort to) = 2px pe pe 2 EG 
“hence 25! + 4y == %, Ory? 4 2y == § 5 and the root is. 
pa Y VEEL PID 
os 6912 10 6giz 16. 
by méans of which ~ is found by a quadratic equation: « 
Ex. 3. Given x* 4+ 3227 4 16 = 48x.—Add 240, 
then x4 + 3227 4+ 256 or 27-4 16)" == 48 x 4 2405 
complete fquare again, then = ; 
xt fore ]t H zy. a? $16 he y* = aya? + 48a +b 
Ib 327 + 2495 os seas 
“make the, laft fide a fq. by the rule, which gives 
~ gb 32y* fb 2407 = 24 X 12 == 288. 
Pat now z == y + 103, and the laft transforms to 
zis 10142 -b 4203$5 then the value of x found 
from this, gives the value of y, and hence the value of 


x* == goox?, 








“2, Dy 
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2. Deftartes’s Rule for Biquadratic Equations. ae at he a 
Another folution was given of biqnadratic equations - = = 
by Defeartes, in the 3d book of his Geometry. In a pees 
this folution he refolved the given biquaJratic equation Pee: 
into two quadratics, by means of a cubic equation, in 4. Simpfon’s Rule for Biquadvatic Equations. 


this manner: Firft, let the 2d term or 3d power be taken 


away out of the equation, after which it will and thus, - Mr. Simpfon gave alfo a general rule for the folution 


; : of biquadratic equations, in the ad edit, of his Algebra, 
at pa* + qxr+rmo. Find y in this pa. 150, in which the given equation is alfo refolved 

Gi od ere ath, elage _ by means of acubic equation, as well as the two former 
cubic equation y$ -+ By Pm = Ss and theay ways; and it is inveftigated on the principle, that the 


ar . ae a 
the values of 2 eee given equation is equal to the difference between two 
ee aati ce itt ig t+ det > =o .o/fquares; being indeed a kind of generalization of Fer- - 
two-quadra-) 3 Looe rarl’s method, | . 
tics de tort by? + ip—-t =o, F Th hes fe . : < 
a ay ; hus, Ne fuppoles the given equation, viz, 


and thefe values of a will be the roots of the given x44 pxi 4 gat? ore fos mca? -p ipr f Alt 
; biquadratic equation. - ~ Br + @?; then froma comparifon of the like terms, 
Ex, Let the equ. be at — 17 «7 — 202 — 6 == 0+: ‘the values of the afflumed letters are found, and the final 











Hence paz ~ 17, g= — 20, & r= — 6; equation becomes 
and the cubic equ. i, aS — 34 yt -f 31397 409 = 0, AS — IyA* + AA— I=, ~ 
the root of which is'y* = 16, ory = 43. “where & => tgr—s,and/ 2 Er? bs. py 
aes ae! aes s 7 3 = : _ ., The value of A being found in this cubic equation, 
the fous routs oF Wrick alee Pants Edop a from it will be had the values of B and C, which have 

As ~¥ "* ~ thefe general values, viz, Boz 2A Ep* — g, and 

3+ Euler's Method for Biquadratic Equations. “en fh $ “. Hence, finally, the root » will be ob- 

2 eg 


The celebrated Leonard Esler gave, in thes6th . > 
volume of the Peterlburgh Ancient Commentaries, “ined from the affumed equation x* + ipr-+ Al — 


‘for the year 1738, an ingenious and general method Be + C}* = 0, ora? + dpe A = + Bret C, 
of refolving’ equations of all degrees, by means of ..in four feveral’values, ‘ a 
the ‘equation of the next lower degree, and among Zz. Given the equ. 14 —~ 625 —~ 582% ae 11ga me 10 
‘them of the biquadratic equation by means of the =O / , ; 
cubic; and this laff was alfo given more at large in Here = ~6,9 = — 58, r= Eg, and sa we IT, 
his treatife of Algebra, tranflated from the German into, Whence 
French in 1774, in 2 volumes 8vo, ‘The method is. £ or Zr m= s == 182, Jor ir? $5, Py = 2512; 
‘this: Let st— at? .— d2 —c == 0, be the given bi-’ and therefore the cubic equation becomes 
quadratic equation, wanting the zdterm. Take. As + 2gA* + 182A — 1256 = 0, 
2g = eae + je, and b ==,66; with which values. the root of which is A = 4. : 
of f, g, 6, form the cubic-equation 2? — fx? + gx — Vit ip m9 aes 
b 2 x Find the three roots of this wile eqeaion: ey a Boor /2A + ape = V775, and C 
and let them be called g, g, x... Then fhall the four roots or 2 V27: F 


of the propofed biquadratic be thefe following, viz, ue . x 
* _and the quadratic equation becomes - 
When ES isnegatives 9 2? — 3x + 4 = Hb x75 & 27, the four roots of 
Vp +VI— WT, <which are x == 12 & 23/3 + Y17 + 11373, 





‘When 6 is pofitive: 
it vp vg tr 





ad, VEE MEAT MI VG EM nde tba W3— V7 LW 3 
3d. Vp — Vg + vr —Vpt Vat V7, aS ahs ‘ Sere, 
athe Vp— V¥e— vr “Vp—VI— VT Mr. Simpfon here fubjoins an obfervation which it 

: has fince been found is erroneous, viz, that ‘* The-value’ , 





of A, in this equation, will be commenfurate and rational 
(and therefore the eafier to be difcovered), not only 
when all the roots of the given equation are commenfurate,- 


Ev. Let the eq. be at — 2527 4 6or — 36=0. 
Here a = 25, == -— 60, and c= 363° : 














A 3s “625 76: 22 

theref. f= zs Ts +o ~?, and b= 225 but when they ave iraticnal and even impojidle; as will 
Confeq. the cabic equation will be aac appear from the examples fubjoined.”” ‘This is a ftrange 
one 5 reafon for Simpfon to give for the proof of a propa- 
x} -—=0 5 Bene fition ; and it is wonderfol that he fell upon no exam- 
= 2 : a ples that difprove ic, as the inftances in which & holds 
‘The ete of which are ‘ : no . .true, are very few indeed, in comparifon with the 

ee ee eet gues ee number of-thofe in which it fails. 
Sg Ps een pe ‘Note. In any biquadratie equation having all its 


4 
the roots of which are /p = 4, Wg =20r ¥, o/r = §. terms, if % of the fquare of the coefficient of the 2d 
Hence, as the value of $4 is negative, the four roots term he greater than the produdt of the coefficients of 
are” as + -. the iftand 3d terms, or of the fquare of the coefficient - 


Ee2z : OF 
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of the 4th term be greater than the produé of the co- 
efficients of the 3d and sth terms, or $ of the fquare of 
the coefficients of the 3d term greater than the prodaét 
of the coefficients of the 2d and 4th terms; then all the 
roots of that equation will be real and unequal; but 
if either of the faid parts of thofe fquares be lefs than 
either of thofe products, the equation will have ima- 
ginary roots. : ‘ 

For the conftruftion of biquadratic equations, fee 
Confiruftion. See alfo Defcartes’s Geometry, with the 
Commentaries of Schooten and others; Baker’s Geometri- 
cal Key; Slufus’s Mefolabium; VHoppital’s Conic Sec- 
tion’; Wolfius's Elementa Mathefeos; Sc. : 

Brquapratic Parabola, a curve of the 3d order, 
having two infinite legs, and expreffed by one of thefe 
three equations, viz, 

atx = yt —, asin fig. 1, 

ax = yt —- ay”, as in fig. 2, 

ax = yt — a + 5.9, — aby*, asin fig. 35 | 

“ where x = AP the abfcifs, y = PQ_the ordinate, 
23 = AB, cm AC, and @ = a certain given quan- 
tity. : Ses 


Fig. 2 Fig. 3. 





° 


But the mot general equation of this curve is the 
following, which belongs to fig. 4, viz, 


Fig. do / 
M/ 
N M /\ 
ea BSS le A Sr 
; mA Nee PY EI 
ay 4 bh bad 4 cx” he dp e3 . 
where x== Ap or AP the abjcifs, and-—y.or + » is 
the ordinate pm or PM, alfo a, 6,-¢, @, e, are conftant 
quantities ; the beginning of the abfcifs being at any 
joint A in the indefinite line AP. 
Bat if the beginning of the abfcifs A be whete this 
- line interfe&ts the curve, as in fig. 5, then the nature 
of the-curve will be defined by this equation a X pm 
== Ap %-Bs x Cp x Dg, wherever the point 7 is 
taken in the infinite line RS, 


Fig. 5. / Fig, 6. 
P_iD c aki 
5 


c 
R AS. YF 3 R = 
We 


Bee x 





When the curve has no ferpentine part, as fig. 6, 
the equation is more fimple, being in this cafe barely 
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@ X pm = Apt x pB 


GrometRIcaL Lines. . 

_ BIQUINTILE, an afpett of the planets when the 
diftance between them 1s 144‘degrees, or twice the 
th part of 369 degrees. 

BISECTION, or Bissecrion, the divifion of a 
quantity into two equal parts,otherwilecalled dipartition. 

BISSEXTILE, or Leap-year, a year -confifting, of 
366 days, and happening every 4th year, -by the ad- 
dition of a day in the month of February,; which that 
year confifls of 29 days. And this is dorie to recover 
the 6 hours which the fun takes up nearly in his courfe, 
more than the 365 days commonly allowed for it in: 
other years. 

The day thus added was by Julius Cafar appointed 
to be the day before the 24th of February, which among 
the Romans was the 6th of the calends, and which on 
this occafion was reckoned twice ; whence it was called 
the difextile. 

By the ftatute De anno bifextile, 21 Hen. UH, to pre- 
vent mifunderftandings, the intercalary day and that 
next before it are to be accounted as one day. 

To find what year of the period any given year is;. 
divide the given year by 4; then if © remains, it is 
leap year; but if any thing remain, the given year is 
fo many after leap year. 4 

But the aftronomers concerned in reforming the ca- 
Jendar in 1582, by order of pope Gregory XIII, ob- 
ferving that in 4 years the biffextile added 44 minutes 
more than the fun fpent in returning to the fame point. 
ofthe ecliptic; and computing that in 133 years thefe 
fupernumerary minutes would form a day; to prevent 
any changes being thus infenfibly introduced into the: 
feafons, direfted, that in the cpurfe of 400 years there 
fhould be three fextiles retrenched ; fo that every cen- 
tefimal year, which isa leap year according to the 
Julian account, is a common year in the Gregorian 
account, unlefs the number of Centuries can. be divided 
by 4 without a remainder. So 1620 and 2000 are 
biffextile ; but 1700, 1800, and 1900 are commor. 
years. 

The Gregorian computation has been: received in 
moft foreign countries ever fince the reformation of the 
calendar in 1582; excepting fome northern countries, 
as Ruffia, &c. And by a@& of parliament, paffed in 
1751, it commenced.in all the dominions. under the 
crown of Great Britain in the year following; it being 
ordered by that aéf thag the natoral day next following 
the 2d of September, fhould be accounted the 14th 
omitting the intermediate 11 days of the common ca- 
lendar. The fupernumerary day, in leap years, being 
added at the end of the month February, and called the 
2gth of that month. 

BLACK, a colour fo called, or rather a privation 
of allcolcur. This, it feems, arifes from fuch a pe- 
culiar textnre and fituation of the fuperficial parts of a 
black body, that they abforb all or moft of the rays of 
light, refiecting little or none to the eye; and hence it 
happens that black bedies, thus imbibing the rays, are 
always found to be hotter than thofe of a hghter colour. 
Dr. Franklin obferves that black cloaths heat more, and 
dry fooner in the fun than white cloaths; that there- 
fore black is a bad colour for cloaths in hot climates ; 
but a fit colour for the linings of ladies’ fummer hats ; 

and 


See Cunvn-Lines, and 
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and that a ‘chimney painted black, whet expofed to 
thefun, will draw more ftrongly. Franklin’s Experim. 
&c.—-Dr. Watfon, the prefent bifhop of Landaff, co- 
vered the bulb of a thermometer with a black coating 
of Indian ink,. and the confequence was that the mer- 
cury rofe 10 degrees higher. Philof. Tranf. vol. 63, 
a 40.—And a virtuofo of unfufpected credit affured 

Ar. Boyle, that in:a hot climate by blacking the fhells 
of eggs, and.expofing them to: the fun, he had feen 
them thus well roafted in a fhort time. ° 

BLACKNESS, the quality of a black body, as to 
colour; arifing from its tiling or abforbing the rays of 
light, and reflecting little or none. In which fenfe it 
Rands dire&ily oppofed to whitencfs; which confifts in 
fach a textur> of parts, as indifferently refteéts all the 
rays thrown upon it, of whatever colour they may be. 

Defcartes, it feems, firt rightly diftinguithed thefe 
caufes of black and white, though he might be miftaken 
with refpeét to the general.nature of light and colours. 
—Sir Thee Newton thews, in his Optics, that to pro- 
duce black colours, the corpufcles muft be fmaller than 
for exhibiting the other colours; becaufe, where the 
fizes of the component particles of a body are greater, 
the light reflected is too mech for-conftituting this co- 
lour: but when they are a little finaller than is requifite 
to reflect the white, and very faint blue of the firft 
order, they will reflect fo little light, as to appear in- 
tenfely black; and yet they may perhaps refle@ it 
eo toand fro within them fo long, till it be tiled 
and loft, 


And hence, it appears, why fire, or pstrefaQiony 


by dividing the particles of fubfances, turn them bla 
why {mail quantities of black fubftances impart ther 
colours very freely, and intenfely, to other fabian, 
to. which they arc applied ; the minete particles of thefe, 


onaccountof their very great number, eafily over/pread: 


ing the grofs particles of others. Hence italfoappears; 
why glafs ground very elaborately on a copper- plate 
with fand, till it be well polithed, makes-the fand, with 
what is rubbed off from the copper and glafs, become 
very black: alfo why blacks commonly incline a little 
towards a blucifh colour; as may befeen by illuminating 
white paper with light refle€ed from black fubitances, 
when the paper ufually appears of a blueith white ;- the 
reafon of which is, that black borders on the obfcure 
blué of tne firt order of colours, and.therefore refles 
more rays of that colour than of any other: and laftly, 
why black fubRances do fooner than others become hot 
-in the fan’s light, and burn; an effeét which may pro- 
ceed partly from the multitude of refradtions ia a lite 
fpace, and partly trom the eafy commotion among fach 
minute particles. a 
BLAGRAVE (Joux), an eminent mathematician, 
who flourithed in the 16th and 17th centuries. He 
was the fecond fon of John Blugrave, of Bulmarfh- 
court near Sunning in Berkthire, defcended from an 
ancient family in that country.. From a grammar 
fchool at Reading he was fent to St. John’s college in 
Oxford, where he apptied himfelf chiefly to the itudy. 
of mathematics. From hence he retired to his patri- 
monial feat of Southcote-lodge near Reading, where 
he fpent.the reft of his life, in a retired manner, with- 
ow marrying, that he might have more leifure to pur- 


fay 





fue his favourite fludies; which he did. with great. 
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application and fuecefs. After a life thus fpent in ftudy, 
and in aéts of benevolence to all around him, he died * 
in the year 1611 and was buried at Reading in the 
church of St. Lawrence, where a fumptuous monu- 
ment was erected to his memory. eA . 
He left the bulk of his fortune to the pofterity of his - 
~ three brothers, which were very numerous. ‘There 
Rave been mentioned various aéls of his beneficence 
in private life, for the encouragement of learning, 
the reward of merit, and the relief of diftrefs. Some 


* of thefe were the refult of a quaint, humorous dif- 


pofition, difcovered chiefly in his legacies: One of 
thefe was 10 pounds left to be annually difpofed of in 
the following manner: On Good-friday, the church- 
wardens of each of the three parifhes of Reading ‘fend 
to the town-hall “ one virtuous maid who has lived 
five years with her mafter:’? there, in the prefence of 
the magiftrates, thefe three virtuous maids throw dice 
for the ten poundst ‘The year following the two lofers 
are returned with a frefh one, and again the third year, 
till each has had three chances, He alfo left an an- 
nuity to 80 poor widows, who fhoald attend annually 
on Good-friday alfo, and hear a fermon, for the 
reaching of which he left ten fhillings to the minifter. 
Fie took care alfo for.the maintenance of his fervants, 
rewarding their diligence and fidelity, and providing . 
amply for their fupport. has it appears he was not 
more remarkable for his (cientific knowledge, than for 
his generofity and philanthropy. . His works are, 
1.. A Mathematical Jewel. Lond. 1585, folio. 
2. Of the Making and. Ufe of the Familiar Staff. 
Lond. 15905 4to. 
3 Aftrolabiom Uranicum Generale. Lond.'1596, 
4to. 
4. The Art of Dyalling. Lond. 1609, 4to.». 
BLAIR (Jon'x), an eminent chronologift, was edum. 
“cated at Edinburgh. Afterward, coming-to London, 
he was for fome time ufher of a fchool in Hedge-lane, 
In 1754 he firit publihed «* Tie Chronology and Hif- 
tory of the World, from the Creation to the year of 
* Chrift 17535 iluttrated in-sG'tables. In1755 he was . 
ele&ted a fellow of the Royal Society; and in 1761 of 
the Society of Antiquaries. ‘In 1756 he publifhed a. 
ad edition of his Chronological Tables; and in 1768 
an improved edition of the fame with the addition of 
34 maps of Ancient and Modern Geography, for il- 
luftrating the Tables of Chronology and Hiftory; to. 
which is prefixed a Differtation on the Progrefs of Geo- . 
graphy. In 1757 he was appointed chaplain to the. 
Princefs Dowager of Wales, and Mathemanval Tutor 
to the Duke of York; whom he attended in 1763 in a. 


~ tour to the continent, from which they returned the 


ryear after. Dr, Blair had fucceffively feveral good .. 
church livings: as, a prebendal flall at Weftminfter, 
the vicarage of Hinckley, and the retory of Burton 
Coggles in Lincolnthire, all in 1761; the vicarage of 
St. Bride’s in London, in 5771, in exchange for that . 
of Hinckley; the rectory of St. John the Evangelift in 
Weltminiler, in 1776, in exchange for the vicarage of 
St. Bride’s ; in the fame year the reCtory of Horton 
near Colebrocke, Bucks. Dr. Blair died thégegth of. 
June, 1782. % - : £ _ 
BLIND, an epithet applied to an animal deprived 
of the ufe of eyes; or one from whom light, colours, © 
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* aed all the glorions objeéts of the vifible creation, are > “The efeds of a fadden recovery of HEht in fuch ae 


_ intercepted by fome natural or accidental caule. 
~ “BLINDNESS, a privation of the fenfe of fight. 
“ The ordinary caufes of blindnefs are, fome .external 
“violence, vicious conformation, growth of a cataract, 
“gutta ferena, fmall-pox, &c; ora decay of the optic 
: Herve; an inftance of which we have in the Academy 
« of Sciences, where, upon opening the eye of a perfoa 
“Yong blind, it was found that the optic nerve was ex- 
‘ tremely fhrunk and decayed, and without any medulla 
‘in it, The more extravrdinary caufes of blindnefs are 
- malignant flenches, poifonous juices dropped into the 
eye, baneful vermin, lang confinement in the dark, or 

* the like. : 

.We find various recompenfes for blindnefs, or fub- 
+ ftitutes for the ufe of eyes, in the wonderful fagacity of 
many blind perfons, related by Zahnius in his Oculus 
Artificialig, and others. In fome, the defect has been 
fupplied by a moft excellent gift of remembering what 
they had feen before; others by a delicate nofe or the 
‘fenle of fmelling; others by a very nice ear; and 
others again by an exquifite touch, or fenfe of feeling, 
which they have had in fuch perfection, that as it has 
. been faid of fome, they learned to hear with their eyes, 
it may be faid of the 
fee with their hands. 
Some have been able to 


vandus fpeaks of a {culptor, who had become blind a8 
20 years of age, and yet 10 ycars afterwards he made 


a perfect marble fatue of Cofmioet dé Medicis, and looking them. 


. mother of clay like pope Jlrban; VIMy :Bartholin 
- Speaks of a blind fculpter in Denmark, whe, by mere 
touch, diftinguithed perfely well gli {gets of wood, 
rand even colours; and father Grimaldi relates an in- 

' ftance of the fame kind ; b8fides the blind organitt, 
lately living in Pagis, whovits was faid did the fame 
thing. What feems. more extraordinary itil, we are 
told, by authors of good report, of a blind guide, who 
ufed to conduct the merchants through the fands and 
defarts of Arabia: and a not lefs marvellous inflance 
is now exifting in this country, in’one John Meccalf. 


near Manchelter, who became quite blind at a very. 


early age; and yet pafled many years of his life asa 
waggoner, and occafionally, as a guide in different roads 
daring the night, or when the paths were covered with 
{now ; and, what is ftranger fill, his prefent occupation 
vis thar of furveyor and projeétor of highways in dif- 
ficult and mountainous parts, particularly about Bux. 
ton, and the Peak in Derby hire. 
« There.are.alfo many inttances of blind men who 
have been highly diftinguithed for their mental and li- 
‘terary talents, nat to {peak of the poets Homer, Mil- 
ton, Offian, &c3 of which we havea remarkable in- 
ftance in the late Dr. Sanderfon, 
matics in the univeriity of Cambridge, and in the pre- 
. fent Dr, Henry Moyes, public le€turer in philofophy, 
who both of them loft their fight by the fall pox at 
an age before they had any recollection; thefe men 
-swere well fkilled in all branches of the mathematics, 
‘philofophy, and aptics, &c, which they taught with 
the gread@ reputation; befides the monument of fame 
which the former has left behind him in his mathema- 
tical and philofophical works. at — 


“abridg. vol. 1. pa. 4. 


perform.all forts of curiae. ‘mmah’s height, and 4 a) feet afunder. 
‘works in the niceft and moft dexterous manner. Aldrowt 





* tics and Architeétare at Paris. 


profeflor of mathe-- 


. 22d of February 1686, in the 6gth 


“gto. 


have been born blind, are alfo very remarkable : devoid 
of the experience of ditlance and figure arifing from 
fight, they are liable to the greateft miftakes in this re- 
fpeét, in fo much it has been faid that they could not 
diftinguih by the mere fight which was.a cube and 
which a globe, without fiu't touching them. Mr, 
Boyle mentions a gentleman of this fort, who having 
- been reftored to fight at eighteen years of age, was 
_ near going diftraéted with the joy: {ce Boyle’s works 
Seé alfo a remarkable cafe of 
this kind in the Tatler, N° 55, vol. 2.. And the gene 
tleman couched by Mr. Chefeiden had no ideas of co- 
lour, thape, or diflance : though he knew the colours 
afunder in a good light during his Liind fate; yet 
when he faw them after he had been couched, the faint 
ideas he had of them before, were not fufficient for him 
to know them by afterwards: as to diftance, his ideas 
, were fo deficient, that he thought all the objects he 
faw touched his eyes, as what he felt did his fkin; and 
it was a confiderable time before he could remember 
which was the dog and which the cat, though often in- 
_ formed, without feeling them, 
BLINDS, or Brinpes, in Fortifcation, a kind of 


e that they taught themfelves toy Gefence ufually made of oziers or branches interwoven, 
* . 


and laid acrofs between two rows of ftakes, about a 
They are ufetl 
particularly at the heads of trenches, when thefe are 
extended in front towards the glacis; Yerving to de- 
fend the workmen, and prevent the enemy from overs a 


BLOCKADE, is the blocking up a place, by pott-' 
beaeing troops all about it at the avenues, to prevent fup- 


cartes of mtn and provifions from getting into it; and 
chs P' g 


thas flarving it out, without forming any regular fiege 
‘or attacks. - i 
*. BLONDEL (Fraxcss), a celebrated. French maw’ 
thematician and military engineer. He was born at’ 
Ribemond in Picardy in'1617.. While he was yet but 
young, he was chofen Regis Profeffor of Mathema- 
Not long after he was 
appointed goyernorto Lewis-Henry de Lomenix, Count 
de Brienne, whom he accompanied in his travels from 
1652 to 1655, of which he publifhed an account. He 
enjoyed many honourable employments, both in the. 
navy and army; and was entruited with the manage~ 
ment of feveral negociations with foreign princes. 
He arrived at the dignity of marfhal de camp,. and 
- counfellor of ate, and had the honour to be appointed -, 
mathematical preceptor to the Dauphin. He wasamem- 
ber of the Royal Academy of Sciences, direétor of the 
Academy of Archite€ture,and lecturerto the Royal Col- 
lege: in al! which he fupported bis charaéter with 
dignity and applaufe. Blondel was no lefs verfed in the” 
knowledge of the Belles Lettres than in the mathemati-: 
cal fciences, as appears by the comparifon he publifhed 
between Pindar and Horace. He dicd at Paris the ‘ 
year of his age. 
His chief mathematical works were, % 
- £. Cours d’Architecture, Paris, 1675, in folio. 
2. Refolution des quatre principaux problemes 
d’Archite@ture. Paris, 1676, in folio. 
3- Uiftoire du Calendrier Romain. Paris; 1682, in © 
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ae Cours de Mathematiques. -Paris, 1683, in 4to. — 
_ 5. L’Art de jetter des Bombes. La Haye, 1685, 
in 4to. 

Befides a: New Method of fortifying Places, and’ 
other works, : 

Blondel had alfo many ingenious pieces inferted in 
the Memoirs of the French Academy of Sciences, par- 
ticularly in the year 1666. s 

BLOW, in a general fenfe, denotes a ftroke given 
either with the hand, a weapon, or an inftrument.*.. 


[° or 


sp BO'D 


_ of two fhadows which were caft upon a white wall from 


an opaque body, illuminated by the moon and bya 
candle at the fame time, that from the candle was red- 
difh, while the other from the moon was blue. See 


Newton’s Optics, pa. 228, Bouguer Traité d'Optique. 


pa. 368, Edinb. Eff. vol. 2. 


pa. 75, or Prieftley’s Hut, 
of Vifion &c, pa. 436. aoe 


BOB of a pendulum, the fame as the ball, which ; 


fee. . 
BODY, in Geometry, is a figure conceived to be 


The effect of a blow is eftimated like the force of per-..-extended in all diretions, or what is ufually faid to con- 


cuffion, and fo is expreffed b 
multiplied by its weight. : 
BLOWING of a Fire-arm, is when the vent or touch- 
hole is run or gullied, and becomes wide, fo that the 

powder will flame out. 

BLUE, one of the feven primitive colours of the* 

. rays -of light; into which they. are divided when re- 
frated through a glafs prifm. See Newton's Optics, 
&ce. See alfo Curomarics. 

BLUENESS, that quality ofa body, as to colour, 
from whence it is called blue; depending on fuch a fize 
and texture of the parts that compofe the furface of a* 
body, as difpofes them to refteét only the blue or azure . 
rays of light to the eye. 

The bluenefs of the fky is thus accounted for by- 
Dela Hire, after Da Vinci; viz, that a black body 
viewed through a thin white one, gives the fenfation of. 
blue, like the immenfe expanfe viewed through the air 
illuminated and whitened by the fun. For: the fame 
zeafon he fays it is, that foot mixed with white, makes 
ablue; for that white bodies, being always a little 
tranfparent, when mixing with a black behind, give the 
perception of blue. . From the fame principle too he 
accounts for the bluenefs of the veins om the furface of 
the fkin, though the blood they are filled with be a decp 
zed... 

In the fame manner was the bluenefs of the fky ac-" 
counted for by many other of the earlier writers, as- 
Fromondus, Funceius, Otto Guericke, and many others,: 
together with feveral of the more modern writers, as’. 
Wolfius, Mufchenbrock, &c. -But-in the explication 
of this phenomenon, Newton obferves, that all the 
vapours, when they begin to condeafe and coalefce 
into natural particles, become firft of fuch a magnitude 
as to reflect the azure rays, before they can conftitate 
clouds of any other colour, This being therefore the 
firft colour they begin to refle&t, muft be that of the 

- fineft and moft tranfparent fkies, in which the vapours 
are not yet arrived at a groffneis fufficient to refed 
other colours. : : 

Bouguer however afcribes this bluenefS of the fky to 
the conftitution of the air itfelf, being of fuch a nature- 
that thefe fainter-coloured rays are incapable of mak- 
ing thelr. way through any  confiderable tra@ of it. 
And as to: the .blue shadows which were firft abferved ~ 
by Buffon in the year 1742, he accounts for them by- 
the aerial colour of. the atmofphere, which enlightens* 
thefe thadows, and in which the bhie rays prevail; 
whilft the red rays are notrefic&ted fo foon, but pafs on 
to the remoter regions of the atmofphere. And the . 
Abbé Mazeas accounts for the phenomenon of blue-: 
thadows by the diminution of light } obferving that,” 


y the velocity of the body 


2%, 


fit of length, breadth, and thicknefs; being otherwife 
called a Solid. A body is conceived to be formed or 
generated by the motion of a furface; like as a furface 


by the motion of a line, and a line by the motion of ° 


@ point.—Similar bodies, or folids, are in proportion to 
each other, as the cubes of their like fides, or linear 


- dimenfions. 


Bopy, in Phyfics, or Natural Philofophy, a folid, ex- 
tended, palpable fubftance ; of itfelf merely paifive, 
being indifferent either to motion or reit, and capable 
of any fort of motion or figure. 

Body is compofed, according to the Peripatetics, of 
matter, form, and privation; according to the Epicue 
reans and Corpufcularians, of an affemblage of hooked, 
heavy atoms; according to the Cartefians, of a certain 
extenfion; and according to the Newtonians, of a fyftem 
or affociation of folid, mafly, hard, impanetrable, 
moveable particles, ranged or difpofed in this or that 


“manner ; from which arife bodies of this or thgt form, 


and diftinguifhed by this or that name, thefe elemen< 
tary or component particles of bodies, they affert, 
mutt be perfectly hard, fo as never to wear or break in 


pieces; which, Newton obferves, is neceflary, in order . 


to the world’s perfifting in the fame ftate, and bodies 
continuing of the fame nature and texture in feveral 
ages, . 


Bony of a piece of Ordnance, the part contained be- 


tween the centre of the trunnions and the cafcabel. 
This thould always be more fortificd or ftronger thhi 
the reft.. See Cannon. J 

Bovy of the Place, in Fortification, denotes either 
the buildings inclofed, or more generally the inclofure 
irfelf. Thus, to conftruct the body of the place, is to 
fortify or inclofe the place with baftions and curtains. 


‘Bony of a pump, the thickeft part of the barrel or , 


pipe of a pump, within which the pifton mores. 


Bootes, Regular or Platonic, are thofe which have , 


all their fides, angles, and planes, fimilar and equal. 

Of thefe there are only 5 ; viz, 

the zetraedvon, contained by 4 equilateral 

the bexaedron or cube, by 6 fquares; 

the edaedron, by 8 triangles; - 

the dedecaedron, by 12 pentagons 3.and 

the xofaedroz, by 20 triangles. Bay 

on To form the five Regular Bodies. 
Let the. ann 

board, or ftif paper, and cut out from it by the ex- 

treme or bounding lines: then cut the others, or inter= 

nal lines, only half through, fo that the parts may be 


triangle 5 


turned up by them. and then glued or otherwife faftened. : 
together with palie, fealing-wax, &c ; fo hall theyform ~ 


the:refpettive body marked with the correfponding 


oe 


exed figures be exaétly drawn on pafte> 


.« gumbers ? 


BOD 
namber ; viz, N°1 the tetraedron, N° 2 the hexaedron 


orcube N° 3 the ofaedron, N° 4 the dodecaedron, 
and N° 5 the icofaedron, : 





Wo find the Superficies or Solidity of the Regular Bodies. 
‘t. Multiply the proper tabular area (taken from the 
following table) by the {quare of the linear edge of 
the folid, for the faperficies, 
2. Multiply the tabular folidity by the cube of- the 
linear edge, for the folid content. 





\Pable of the Surfaces and Solidities of the five Regular 
Bodies, the linear edge being 1. 











No. of Faces Names Surfaces | Solidities 
——|—. | tron —| 
4 Tetraedron | * 1°73205 11785 
6 _ Hexaedron 6-00000 | £00000 
8 Oxtaedron 3°46410 | 047140 
Iz Dodecaedron | 20°64573 $7°66312 
20 Tcofaedron 866025 | 2°18169 


£26 J} 
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For mare particular properties, fee each refpedtive 
word. See alfo my large Menfuration, pa. 248, edit. 2. 

'Thefe bodies were called platonic, becaufe they were 
aid to have been invented, or fir treated of, by Plato, 
~who conceived certain myfteries annexed to them... 

BOFFRAND (Germain), a celebrated French 
architect and engineer, was born at Nantes in Bretagne, 
in 1667, He was brought up under Harduin Manfarad, 
who trofted him with condaéting his greateR works, 
Boffrand. was admitted into: the French Academy of 
Archite@ture in 1709. Many. German princes chofe 
him for their archite&t, and raifed confiderable edifices 
on his plans.. His manner of building approached that 
of Pailadio ; and there was much of grandeur in all his 
defigns. As engineer and infpector-general of bridges 
and highways, he direGted and conftructed a number of 
canals, fluices, bridges, and other mechanical works, 
He publifhed a curious and ufefil book, containing 
the general principles of his art ; with an account of the 
plans, profiles, and elevations of the principal works, 
which he executed in France and other conntiics, 
Boffrand died at Paris in 1755, dean of the Academy 
of Archite&ture, firft engineer and infpector-general cf 
the bridges and highways, archite&t and adminiilrator 
of the general hofpital. 

BOILING, cr Exuturtion, the bubbling up of 
any fluid, by the application of heat. This is, in ge- 
neral, occafioned by the difcharge of an elaftic vapour 
through the fluid that boils ; whether that be common 
air, fixed air, or fteam, &c. It is proved by Dr, 
Hamilton of Dublin, in his Efay on the afcent of va- 
pour, that the boiling of water is occafioned by the 


_lowermioft particles of it being heated and rarefied into 


vapour, or fteam ;. in confequence of this diminution 
of their fpecific gravity, they aftend through the fur- 
rounding heavier fluid with i velocity, lacerating 
and throwing up the body of water in the afcent, and 
fo giving it the. tumultuous motion called boiling. 

That this is occafioned by elaftic fteam, and “not by 
Particles of fire or air, as fome have imagined, is eafily 
proved by the following fimple experiment: ‘Take a 
common drinking glafs filled with hot water, and jn- 
vert it into a veftel of the fame; then, as foon as the 
water in the veffel begins to:boil, large bubbles will be 
feen to afcend in the glafs, by which the water in it 
will be difplaced, ‘26@ there will foon be a continued 
bubbling from vader its edge: but if the giafs be then 
drawn up, fo that “its mouth may juft touch the water, 
and a cloth wetted in cold water be applied to the out. 
fide, the elaftic fteam within it will be inftantly con- 
denfed, upon which the water will afcend fo as nearly 
to fill it again. Some fmali parts of air &c, that may 
happen to be lodged in the fluid, may alfo perhaps be 
expelled, as wellas the rarefied fteam. And this is par. 
ticularly recommended as a method of purifying quick- 
filver, for making more accurately barometers and 
thermometers. 

We commonly annex the idea of a certain very 
great degrec of heat to the boiling of liquids,. though 
often without reafon; for different liquids boil with 
different degrees of heat; and any one given liquid 
alfo, under different preffures of the atmofpnere, Thus, 
aveffel of tar being fet over the fire till it boils, it is 
faid a perfon may then put his hand into it without 

injury :- 


BOM 


injury : and by putting water under the receiver of an 
air-pump, and applying the flame of a candle or lainp 
under it, by gradually exhaufting, the water is made to 
boil with always leis and lefs degrees of heat: and with- 
Out applying any heat at all, the water, or even the 
moifture about the bottom or edges of the receiver, 
will rife in an elaitic vapour up into it, when the ex- 
hauftion is near completed. 

Spirit of wine boils ftill fooner in vacuo than water. 
And Dr. Freind gives a table of the different times re- 
quired to make feveral fluids boil by the fame heat. 
See alfo Philof. ‘V'ranf. N° 122. 

BOMB, in Artillery, a fhel!, or hollow ball of caft- 
iron, having a large vent, by which it is filled with 
gun-powder, and which is fitted with a fuze or hollow 
plug to give fire by, when thrown out of a mortar, 
&c; about the time when the fhell arrives at the in- 
tended place, theacompofition in the pipe of the fuze 
feis fire to the powder in the fhell, which blows it all 
in pieces, to the great annoyance of the enemy, by 
killing the people, or firing the houles, &. They are 
now commonly called /bel/s funply, in the Englith ar- 
tillery. 

Thefe fhells, or bombs, are of various fizes, from 
that of 17 or 18 inches diameter downwards. The 


very large ones are not ufed by the Englith, that of 13 
inches diameter being the higheft fize now employed 
by them; the weight, dimeniions, and other circum- 
flances of them, and the others downwards, are as in 
the following table. 



















Vowuer 1 
Diameter of | Weight of || Powder to | them into soit 
the Shell. | che Shell. fill chem. pieces, 
oe 
tb. oz. Ib. on. 
3 inch » 9 4 7 8 
10 4 yt. 3.4 
8 2 3h 2 0 
st Roya! ; anes Oo %4 
4gCohorn o 8 o 7 








Mr. Maller gives the following proportion for all 
fhells. Dividing the diameter of the mortar into 30 
equal parts, then the other dimenfions, in 3oths of that 


diameter, will be thus: . 
Diameter of the bore, or mortar __. - - 30 
Diameter of the fhell _ we . 2g} 
Diameter of the hollow fphere ~ - - 21 
Thicknefs of metal at the fuze hole - 3 
Thicknefs at the oppofite part - - 5 
Diameter of the fuze hole - - 4 
Weight of fhell empty - - - hyd 
Weight of powder to fill it - - 24d 


473 
where @ denotes the cube of the diameter of the bore 
in inches.—But fhells have alfo lately been made with 
the metal all of the fame thicknefs quite around. 

In generai, the windage, or difference between the 
diameter of the fhell and mortar, is cds of the latter ; 
alfo the diameter of the hollow part of the fhell is 2, of 
the fame, 

Bombs are thrown out of mortars, or howitzers; but 
they may alfo be thrown out of cannon; and a very 
{mall fort are thrown by che hand, ‘which are called 
granados: and the Venetians at the fiege of Candia, 

Vou. tL. 
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when the Turks had poffeffed themfelves of the ditch 
ufed large bombs without any piece of ordnance, but 
barely rolled them down upon the enemy along a plank 
fet aflope, with ledges'on the fides to keep the bomb 
right forwards. , : 

Mr. Blondel, in his 4rt¢ de jetter des Bombes, fays the 
firft bombs were thofe thrown into the city of Watch- 
tendonch in Guelderland, in 1588; and they are de-~ 
feribed by our countryman Lucar, in his book on Ar- 
tillery publithed this fame year 1588; though it is pre- 
tended by others that they were in {re near a century 
before, namely at the fiege of Naples in 1495. They 
only came int common ufc, however, in 1634, and 
then only in the Dutch and Spanith armies. It is-faid 
that one Malthus, an Englihh engineer, was fent for 
from Holland by Lewis the 14th, who ufed them for 
him with much faccefs, particularly at. the fiege of 
Cohoure in 1642. ' 

The art of throwing bombs, or fhells, forms a priuci- 
pal branch of Gunnery, founded on the theory of pro- 
Jectiles, and the quantities and Jaws of force’ of .pun- 
pouder, And the principal writers on this artare Meff. 
Blondel, Guifnée, De Reffons, De La Hire, &c. 

Bome-Cwesr, asa Mind of cheft ufually filled with 
bombs, and fometimes dhly with gunpowder, placed 
under ground, to blow it up into the air with thofe 
who ftand upon it; being fet on fire'by means of a 
fauciffee faftened atone end. But they are now much 
out of ufe. ; na ohh, ceria 

BOMBARD, an ancient piece of ordnance; now out 
ofufe. ft was very fhortand thick, With a large thouth ; 
fome of which it is faid threw. balls gf 300 pounds 
weight, requiring the ufe of cranes to load them. The 
Bombard is by called da/i{i2, and by the Dutch 
donderbus, 

To womBarn, is to attack by throwing of bombs, 
or fhells. 

BOMBARDIER, a perfon employed about throwing 
bombs or thells. He adjufts the fuze, and loads and 
fires the mortar. SS 
* BONES, Napier’s.. Ste Napier. ‘ 

BONING, in Surveying and Levelling, &c, is the 
placing three or more rods or poles, all of the fame 
length, in or upon the ground, in fuch a manner that 
the tops of them be all in one continued ftraight.line, 
whether it be horizontal or inclined, fo that.the eye'can 
look along the tops of them all, from one end of the line 
to the other. : 

BONNET, in Fortification, a fmall work of ‘two 
faces, having only a parapet, with two rows of pali- 
fadoes at about 10 orge2 feet diftance. . It is commpily 
placed before the faliant angle of the counterfcarp; and 
having a communication with the covered way, by 
means ofa trench cut through the glacis, and palifadoes 
oneach fide. : 

Bonner & Prétre, or Pricf’s Cap, is an outwark, 
having three faliant angles at the head, befides two 
inwards, It differs from the double tenaille only in 
this, that its fides, inftead of being: parallel, grow nar- 
rower, or clofer, at the gorge, and opening at the 
front ; from whence it is called gueue d’aronde, or fwal- 
low’s tail. . y 

BOOTES, a conftellation of the northern hemi. 
fphere, and one of the 48 old ones; having 23 ftars in 

Ff Ptolemy's 
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Picleiny’s tatalogue, 28 in Tycho’s, 34 in Bayer’s, 
52 in Hevilus’s, and 54 in Flamiteed’s; of which one, 
in the fkirt-of his coat, is of the firft magnitude, and 
walled 4r@urus. 

Bootes is reprefented as a man in the pofture of 
walking ; his right hand grafping a club, and his lefe 
extended upwards, and holding the cord of the two 
dogs which feem barking at the Great Bear. 

The Greeks, contrary to their ufual cuftom, do 
not give any certain account of che origin of this con- 
ftellation. Thofe who in very early days made the 
ftarswhich were afterwards formed into the great bear 
reprefent a waggon drawn by oxen, made this Bootes 
the Driver of them, from whence he was called the 
waggoner: others continued the office when the wag- 
gon was deftroyed, and made a celeftial bearward of 
Boots, making it his office to drive the two bears 
round about the pole: and fome, when the greater 
waggron was turned into the greater bear, were itill for 
preferving the form of that machine in thofe ftars which 
conftitute Bootes. . 

This conftellation is called by various other names ; 
as Arcas, Aréophylax, Araurus-Minor, Bubuleus, Bu- 
bulus, Canis-Latrans, Clamator, Jewrus, Lycaon, Philo- 
metus, Plaufri-Cuftos, Plorans, Thegnis, and Vociferator 5 
by Hefychius it is called Oriez, and by the Arabs Ara- 
mech, or Archamech. Schiller, inftead of Bootes, makes 
the figure of St. Sylvefter; Schickhard, that of Nim- 
rod; and Weigelius, the three Swedith crowns. See 
Wolf. Lex Math. p. 266, 

BORE, of a gun, or other piece of ordnance, is the 
chafe, cylinder, or hollow part of the piece 

BOREAL Siens, are the firft fix figns of the Zodiac, 
or thofe on the northern fide of the equinoétial ; viz. 
the figns ¥ aries, &% taurus, m1 gemini, gs cancer, 
SU les, mm virgo. 

BOREALIS, Aurora. See Aurora Borealis, 

BORELLI (Jonn AtpHonso), acelebrated phi- 
lofopher and mathematician, born at Napies the 28th 
of January 1608. He was profeffor of philofophy 
and mathematics in fome of the moft celebrated uni- 
verfities of Italy, particularly at Florence and Pifa, 
where he became highly in favour with the princes of 
the hoafe of Medicis, But having been concerned in 
the revolt of Meffina, he was obliged to retire to 
Rome, where he {pent the remainder of his life under 
the proteétion of Chriftina queen of Sweden, who ho- 
noured him with her friendfhip, and by ker liberality 
towards him {oftened the rigour of his hard fortune. 
He continued two years in the convent of the regu- 
Yar clergy of St. Pantaleon, calfed the Prous Schools, 
where he inftru@ted the youth in mathematical ftu- 
dies. And this ftudy he profecuted with great diligence 
for many years afterward, as appears by his correfpon- 
dence with feveral ingenious mathematicians of his 
time, and the frequent mention that has been made 
of him by others,-who have endeavoured to do juitice 
to his memory. He wrote a-letter to Mr. John Col- 
fins, in which he difcovers his great defire and cndea- 
yours to promote the improvement of thofe feiences : 
he alfo foeaks of his correfpondence with, and great 
affection for, Mr, Henry Oldenburgh, Sccretary of the 
Royal Society 5 of Dr, Wallis ; of the then late learned 
Mr. Boyle, and lamented the lofs fuitained by his death 
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‘to the commonwealth of learning. Mr. Baxter, in his 
Efquiry into the Nature of the Human Seul, makes fre- 
quent ufe of our avthor’s book De Motu Animalium, and 
tells us, that he was the firft who difcovered that the 
force exerted within the body prodigioufly exceeds the 
weight to be moved withoat, or that nature employs an 
immenfe power to move a {mall weight. But he ac- 
knowledges that Dr. James Kei! had fhewn that Bo- 
relli was miftaken in his calculation of the force of the 
mutcle of the heart ; but that he neverthelefs ranks him 
with the moft authentic writers, and fays he is feldom 
miftaken: and, having remarked that it is fo far from 
being true, that great things are brought about by 
fmall powers, that, on the contrary, 4 fiupendous 
power is manifeft in the moft ordinary operations of na- 
ture, he obferves that the ingenious Borclli firtt ob- 
ferved this in animal motion; and that Dr. Stephen 
Hales, by a courfe of experimenis in his Vegetable 
Statics, had fhewn the fame in the force of his afcend- 
ing fap in vegetables. 

‘After a courfe of uncealing labours, Borelli died at 
Pantaleoa of a pleurify, the zit of December 1679, at 
72 years of age. 

Befide feveral books on phyfical fubje&ts, Borelii pub- 
lithed the following mathematical ones: viz. 

1, Apollonii Pergzi Conicorum Lib. 5, 6, & 7. 
Floren. 1661, fol. 

2. Theorie Medicorum Planetarum ex caufis phyfi- 
cis deduéta. Flor. 1665, 4to 

3. De Vi Percuffionis. Bologna, 1667, 4to.— This 
Piece was reprinted, with his celebrated treatife De 
Motu Animalium, and that other De Mo.ionibus Natu- 
ralibus, in 1636. 

4. Euclides Reftitutus, &c. Pifa, 1658, 4to. 

“s. Offervatione intorao alla villu ineguali degli 
Occi.—This piece was inferted in the Journal of Rome, 
for the year 1669, 

6. De Motionibus Nataralibus de Gravitate penden- 
tibus. Regio Julio, 1670, 4to. 

7. Meteorologia Aetnea, &c. 
4to. . 

8. Offervatione dell’ Eccliffi Lunare, 11 Gennaro 
1675.—Inferted in the Journal of Rome 1675, p. 34- 

g. Elementa Conica.Appollonii Pergzi, & Archi- 
medis Opera, nova & breviori methodo demonftrata.— 
Printed at Rome in 1679, in 1zmo, at the end of the 
sd edition of his Euclides Reftitutus. 

1o. De Mora Animalium, Pars prima in 1680, 
and Pars altera in 1681, 4to.—-Thefe were reprinted 
at Leyden 1685, revifed and purged from many er- 
rors; with the addition of John Bernoalli’s Mathema- 
tical Meditations concerning the Motion of the Mul- 
cles. 

11. At Leyden, 1686, in 4to, a more correét and 
accurate edition, revifed by J. Broen, M.D. of Ley- 
den, of his two pieces, De Vi Percuffionis, & De Mo- 
tionibus de Gravitate pendentibus. 

BOUGUER (Peer), a celebrated French mathe- 
matician, was born at Croific, in Lower Bretagne, 
the roth of February 1698. He was the fon of John 
Bouguer, Profeflor Royal of Hydrography, a tolera- 
bly good mathematician, and author of A complete 
Tyeatife on Navigation. Young Bouguer was accuf- 
tomed to learn mathematics from his father, from the 
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time he wasable to fpeak, and thus became a.proficient 
in thofe fciences while he was yet a child. -He.was 
fent very early to the Jefuits’ college at Vannes, where 
he had the honour to inftruat his regent in the mathe- 
matics, at eleven years of age. 

Two years after this he had a public conteft with a 
profeflor of mathematics, upon a propofition which the 
Jatter had advanced erroncoufly ; and he triumphed over 
him ; upon which the profeffor, unable to bear the dif- 
grace, left the country. 

‘Two years after this, when young Bouguer had not 
yet finithed his ftudies, he loft his father; whom he 
was appointed to fucceed in his office of hydrographer, 
after a public examination of his qualifications; being 
then only 15 years of age; an occupation which he 
difcharged with great refpeét and dignity at that early 
age. 

Tn 1727, at the age of 29, he obtained the prize pro- 
pofed by the Academy of Sciences, for the bet way of 
malting of thips. This firlt faccets of Bouguer was foon 
after followed by two others of the fame kind 3 he fuc- 
ceflively gained the prizes of 1-29 and 17313; the former, 
for the beft manner of obferving at fea the height of the 
ftars, and the latter, for the mo advantageous way of 
obferving the declination of the magnetic needle, or 
the variation of the compafs. 

Tn 1729, he gave an Optical Effay upon the Grada- 
tion of Light; a fubje& quite new, in which he exa- 
mined the intenfity of light, and determined its de- 
grees of diminution in paffing through different pel- 
lucid mediums, and particularly that of the fan in 
traverfing the earth’s atmofphere. Mairan gave an 
extrac of this firlt effay in the Journal des Savans, 
in 1730. 

Jn this fame year, 1730, he was removed from the 
port of Croific to that of Havre, which brought him 
into @ nearer conneétion with the Academy of Sci- 
ences, in which he obtained, in 1731, the place of af- 
fociate geometrician, vacant by the promotion of Mau- 
pertuis to that of penfioner; and in 1735 he was 
promoted to the office of penfioner-aftronomer. ‘The 
fame year he was fent on the commiffion to South 
America, along with Meifieurs Godin, Condamine, 
and feuffieu, to determine the meafure of the degrees 
of the meridian, and the figure of the earth. In this 
painful and troublefome bufinefs, of 10 years duration, 
chiefly among the lofty Cordelier mountains, cur au- 
thor determined many other new circumitances, be- 
fide the main abjeét of the voyage; fach as the expan- 
fion and contraétion of metals and other fubSances, 
by the fudden and alternate changes of heat and cold 
among thofe mountains; obfervations on the refra@ion 
of the atmofphere from the tops of the Jame, with the 

fingular phenomenon of the fudden’increafe of the re. 
fraction, when the ftar can he ebferved below the line 
of the level; the laws of denfity of the air at dif- 
ferent heights, from obtervations made at different 
points of thefe enormous mountains ; a determination 
that the mountains have an effcét upon a plummet, 
though he did not affign the exaét quantity of it; a 
method of eftimating the errors committed by naviga- 
tors in determining their route ; a new conftruétion of 
the log for meafuring a fhip’s way ; with feveral ater 
ufeful improvements. 
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Other inventions of Bouguer, made upon different 
occafions, were as follow: The heliometer, being a te- 
lefcope with two obje@ glafles, affording a good method 
of meafuring the diameters of the larger planéts with 
eafe and exastnefs: his refearches on the figure in which 
two lines or two long ranges of parallel trees appear : 
his experiments on the famous reciprocation of the pen- 
dulum: and thofe upon the manner of meafuring the - 
force of the light: &c, &c. 

The clofe application which Bouguer gave to ftudy, 
undermined his health, and terminated his life the t5th 
of Angult 1758, at 60 years of age.—His chief works, 
that have been publifhed, are, a 

1. ‘The Figure of the Earth, determined by the: ob- 
fervations made in South America ; 1749, in’ 4to. 

2. Treatife on Navigation and Pilotage; Paris, 
1752, in 4to. This work has been abridged by M. La 
Caille, int volume, 8vo, 1768. . 

3. Treatife on Ships, their Cenftrudtion and Mo- 
tions ; in 4to, 1756. 3 

4. Optical Treatife on the Gradation of Light; firft 
in 17295 thena new-edition in 1760, in ato. 

His papers that were inferted in. the Memoirs of the 
Academy, are very numerous and important: as, in’ 
the Memoirs for 1726;‘Comparifon of the force of the 
folar and lunar light with that of candles.—1731, 
Obfervations on the curvilinear motion of bodies in 
tnediums.—1732, Upon’ the new curves called: the 
dines f purfait.— 1733, To determine the fpecies of 
conoid, to be conftruéted upan a given bale which is 
expofed to the fhock of a fluid, & that the impulfe 
may be the leat poflible.—Determination of the orbit 
of comets.—1734, Comparifon of the two laws which 
the earth and the other planets muft-obferve in the” 
figure which gravity caufes them to take.—On the curve 
lines proper to form the arches in domes.—17 35, Obfer- 
vations on the equinoxes —-On the length of the pen- 
dulum.—1736, On the length of the pendulum in the 
torrid zone.—On the manner of determining the figure 
of the earth by the meafure of the degrees of latitude 
and longitude.—1739, On-the aftronomical refrac- 
tions in the torrid zone.—Obfervations on the lunar 
eclipfe, of the 8th of September, 1737, made at Quito. 
~—!744, Short account of the voyage to Peru, by the 
members of the Royal Academy of Sciences, to mea- 
fure the degrees of the meridian near the equator, 
and from thence to determine the figure of the earth. 
—1745, Experiments made at Quito, and divers other 
places in the torrid zone, on the expanfion and con- 
tration of metals by heat and cold.—On the problem 
of the mafting of .fhips—1746, Treat on thips, 
their ftruéture and motions.—On the impulfe of fluids 
upon the fore parts of pyramidoids having their bafe a 
trapezium.—Continuation of the fhort account given 
in 1744, of the voyage to’ Pera for meafuring the 
earth.—1747, On a new conitruétion of the log, and 
other inffruments for meafuring the run of a thip.— 
1748, OF the diameters of the larger planets. ‘The 
new inftrament called a helicmeter, proper for deter- 
mining them; with obfervations of the fin.—QOb- 
fervation of the eclipfe of the moon the 8th of Au- 
guft 1748.—1749, Second memoir -on aftronomical, 
refra@tions, obferved in the torrid zone, with remarks 
on the manner of conftrudting the tables of them.— 
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Figure of the earth determined by MM. Bouguer 
and Condamine, with en abridgment of the expedition 
to Peru.=-1750, Obfervation of the lunar eclipfe of 
the 13th ‘of December 17501751, On the form of 
bodies moft proper to turn about themfelves, when 
they are pufhed by one of their extremities, or any 
other point.—On the moon’s parallax, with the ef- 
timation. of the changes caufed in the parallaxes 
by the figure of the earth—Obfervation of the lunar 
eclipfe, the 2d of December 1753.— 1752; On the ope- 
rations made by feamen, called Corretions.=--17 53, Ob- 
fervation of the paffage of Mercury over the fun, the 
6th of May. 1753.--On the dilatations of the air in the 
atmofpltiere.—New treatife of navigation, containing 
the theory and practice of pilotage, or working of fhips. 
—1754, Operations, &c, for dittinguithing, among the 
‘different determinations of the degree of the meridian” 
near Paris, that which ought to be preferred.—On the 
direétion which the ftring of a plummet takes. —Solu- 
tion of the chief problems in che working of fhips.— 
1755, On the apparent magnitude of objeéts.—Second 
memoir on the chief problems in the working of fhips. 
~-1757, Account of the treatife on the working of 
fhips.—-On the means of meafaring the light.—1758, 
His Eulogy. eP s  t 
. In the volumes of the prizes given by the academy, 
are the following pieces by Bouguer: 

In Vol. 1, on the matting of fhips.—Vol. 2, On the 
method’ of exaétly obferving at fea the height of the 
ftars;. and the variation of the compafs, Alfo on the 
caufe of the inclination of ‘the planets’ orbits. 

BOULTINE, in Architecture, a convex moulding, of 
a quarter Of a circle, and placed next below the plinth in 
the Tufcan and Dorick capital. 

BOW, an offenfive weapon made of wood, horn, fteel, 
or other elaftic matter, by which arrows are thrown 
with great force. This initrament was of very ancient 
and general ufe, and is fill found among al] favage na- 
tions who have not the uie of fire arms, by which it has 
been fuperfeded among us. ‘There are two fpecies of 
the Bow, the Leng, and the Cre/i Bow. 

The Leng Bow is fimply a bow, or a rod, witha 
fring faftened to each end of it, to the middle of 
which the end of an arrow being applied, and then 
drawn by the hand, on fuddenly quitting the hold, 
the bow returns by means of its elaiticity, and impels 
the arrow from the ftring with great violence. ‘Che 
old Englith archers were famous for the long bow, by 
means of which they gained many victories in France 
and elfewhere. 2 

The Cros Bow, called alfo arbalef or arbalet, is a 
bow ftrung and fet in a fhaft of wood, and furnithed 
with a trigger; ferving to throw bullets, darts, and 
large arrows, &c. The ancients had large machines 
for throwing many arrows at once, called arbalets, or 
balifte. 

‘Tie force of a bow maybe calculated on this prin- 
ciple, that iss {pring, #. e. the power by which it re- 
flores itfelf ts its natural pofition, is always propor- 
tional to the {pace or diftance it is bent or removed 
from it. 

_ Bow, a mathematica! inftrument formerly ufed at 
fea foz taking the fun’s altitude. It confilted of a 
large arch divided into go degrees, fixed on a flaff, 


. 
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and fornifhed with three vanes, viz. a fide vane, 2 
fight vane,.and a horizon vane, 

Bow-Compafs, an inftrament for drawing arches of 
very large circles, for which the common compaftes are 
toofmail. . It confiits of a beam of wood or brafs, with 
three long fcrews that govern or bend a lath of wood or 
fteel to any arch. 

BOX anp Nezpve, the fmall compals of a theodo- 
lite, circumferentor, or plain-table. 

BOYAU, in Fortification, a ditch covered by 2 
parapet, and ferving as a communication between two 
trenches. At runs parallel to the worts of the body 
of the place; and ferves asa line of contravallatioa, 
both to hinder the fallies of the befieged, and to fe- 
cure the miners. When it is a particular cut runing 
from the trenches, to cover fome fpot of ground, it 35 
drawn fo as not to be enfiladed or fcoured by the ene. 
my’s thot. 

BOYLE (Ropért), one of the greateft philofo- 
phers, as weil as beft men, that any country has ever 
produced, was the 7ch fon aud the 14th child of Richard 
earl of Cork, and was born at Lifmore in the province 
of Muniter in Ireland, the 25th of January, 1626-7; 
the very year of the death of the learned Lord Bacon, 
whofe plans of experimental philofophy our author 
afterwards fo ably feconded. While very young, he 
was inftructed in his father’s houfe to read and write, 
and to {peak French and Latin, In 1635, when only 
8 years old, he was fent over to England, to be educated 
at Eton ichool. Here he foon difcovered an extraordi- 
nary force of underftanding, with a difpofition to culti- 
vate and improve it to the utmoft, 

After remaining at Kiton between 3 and 4 years, his 
father fent our author and his brother Francis, in 1638, 
on their travels upon the continent. They paffed through 
France to Geneva, where they fettled for fome time to 
purfue their Radies: here our author refumed his ac- 
quaintance with the elements of the mathematics, 
which he had commenced at Eton when 10 years old, 
on occafion of an ilinefs which prevented his other ufual 
ftudies, 

In the autumn of 1641, he quitted Geneva, and tra- 
velled through Switzerland and Italy to Venice, from 
whence he returned again to Florence, where he {pent 
the winter, ftudying the Italian language and hiftory, 
and the works of the celebrated aftronomer Galileo, who 
died ina village near this city during Mr. Boyle’s refi- 
dence here. 

About the end of March 1642, he fet out from 
Florence, vifited Rome and other places in Ttaly, then 
returned to the fouth of France. At Marfeilles, in 
May 1642, Mr. Boyle received letters from his father, 
which inJormed him that the rebellion had broken out 
fn Jreland, and with how much difficulty he had pro- 
cured 250i. then remitted to help him and his brother 
home. ‘This remittance however never reached them, 
and they were obliged to return to Geneva with their 
governor Mr. Marcombes, who contrived on his own 
credit, and by felling fome jewels, to raife money 
enough to fend them to England, where they arrived 
in 1644. On their arrival they found that their father 
was dead, and had left our author the manor of Stal- 
bridge in England, with fome other confiderable ef- 
tates in Ireland. : 
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From this time Mr. Boyle’s chief .refidence, for 
fome years at leaft, was at his manor.of Stalbridge, 
from whence he made occafional excurfions to Oxford, 
London, éc ; applying himfelf with great induftry to 
various kinds of fludies, but efpecially to philofophy 
and chemiftry; and feizing every opportunity of cul- 
tivating the acquaintance of the molt learned men of 
his time. He was one of the members of that finall 
but learned body of mien who, when all academical 
fludies were interrupted by the civil wars, fecreted 
themfelves about the year 16455; and held private 
meetings, firft in London, afterwards at Oxford, to 
cultivate fubjeéts of natural knowledge upon that plan 
of experiment which Lerd Bacon had delineated. 
They ityled themfelves then The Philofophic College; 
but after the reftoration, when they were incorpo- 
rated, and diflinguithed openly, they took the name 
of the Roya! Society. 

Jn the fummer of 1654 he retired to fettle at Ox- 
ford, the Philofophical Society being removed from 
London to that place, that he might enjoy the con- 
verfation of the other learned members, his friends, 
who had retired thither, fuch as Wilkins, Wallis, 
Ward, Willis, Wren, &c. It was during his refidence 
here that he improved that admirable engine the air- 
pump ; and by numerous experiments was enabled to 
difcover feveral qualities of the air, fo as to lay a foun- 
dation for a complete theory. He declared againft 
the philofophy of Ariftotle, as having in it more of 
words than things; promifing much, and performing 
litle 5 and giving the inventions of men for indubitable 
proofs, inttead of building upon obfervation and experi- 
ment. He was fo zealous for this true method of learn- 
ing by experiment, and fo careful about it, that though 
the Cartefian philofphy then made a great noife in 
the world, yet he could never be perfuaded to read the 
works of Defcartes, for fear he fhould be amufed and 
led away by planfible accounts of things founded 
on conjecture, and merely hypothetical, But philofo- 
phy, and enquiries into nature, though they engaged 
his attention deeply, did not occupy him entirely ; as 
he ftill continued to purfue critical and theological 
ftudies. He had: offers of preferment to enter into 
holy orders, by the government, after the reftoration. 
But he declined the offer, choofing rather to purfue his 
fludies as a layman, in fach a manner as might be moft 
effe€tual for the fupport of religion; and began to 
communicate to the world the ae of thefe fudies, 
Thefe fruits were very numerous and important, as 
well as various: the principal ofwhich, as well as of 
fome other memorable occurrences of his lite, were 
nearly in the following order. 

In 1660 came out, 1. New experiments, phyfico- 
mechanical,’ touching the {pring of the air and its ef- 
fedts—2. Seraphic love; or fome motives and incen- 
tives to the love of God, pathetically difcourfed of in 
aletter to a friend. A work which it hes been faid 
_was owing to his courtfhip of a lady, the daughter of 
Cary earl of Monmouth; though our author was never 
married.—3. Certain phyfiological effays and other 
trats, in 1661.—4. Sceptical chemift, 1662 ; reprinted 
about the year 1679, wich the addition of divers expe- 
riments and notes on the produciblenefs of chemical 
principles. 
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In the year 1663, the Royal Society being incor- 
porated by king Charles the 2d, Mr. Boyle was named 
one of the council ; and as he might juftly be reckoned 
among the founders of that learned body, fo he con- 
tinued one of the moft ufeful and induftrious of its 
members during the whole courfe of his life. His next 
publications were, 5. Confiderations touching the ufe- 
fulnefs of experimental natural philofophy, 1663.— 
6. Experiments and confiderations upon colours; to 
which was added a letter, containing Obfervations on 
a diamond that fhines in the dark, 1663. his treatife 
is fall of curious and ufeful remarks on the hitherto 
unexpfained dostrine of light and colours ; in which he 
fhews great judgment, accuracy, and penetration; and 
which may be {aid to have led the way to Newton, who 
made fuch great difcoveries in that branch of phyfics.—— 
7. Confiderations on the ftyle of the holy {criptures, 
1663. ‘This was an extract froma larger work, in- 
titled An effay on fcripture;- which was afterwards 
publithed by Sir Peter Pett, a friend of Mr Boyle’s. 

In 1664 he wag ele€ted into the company of the 
royal mines; and was all this year occupied in profe~ 
cuting various-good defigns, which was probably the 
reafon that he did not publith any works in this year. 
3vuon after came oot, 8. Occafional reflections upon 
feveral fubjeéts, 1665. This piece expofed our author 
to the cenfure of the celebrated Dean Swift, who, to 
ridicule thefe difcourfes,- wrote 4 pious meditation upon 
a broompick, in the fiyle of the honourable Mr. Boyle. — 
g. New experiments and obfervations upon cold, 1665. 
—to. Hydroftatical paradoxes made out by new-expe- 
riments, for the moft part phyfical and eafy, 1666.— 
11. The origin of forms and qualities, according to 
the corpufcular philofophy, 1666.—Both in this and 
the former year, our author communicated to his friend 
Mr. Oldenburgh, then fecretary to the Royal Society, 
feveral curious and excellent fhort pieces of his own, 
upon a great variety of fubjeéts, and others tranfmitted 
to him by his learned friends, which are printed in the 
Philof. ‘Tranf. : 

In the year 1668 Mr. Boyle refolved to fettle in 
London for life; and for that purpofe he removed te 
the houfe of his filter, the lady Ranelagh, in Pall-Mall. 
This removal was to the great henefit of the learned in 
general, and particularly of the Royal Society, to whom: 
he gave great and continual affiftance, as abundantly 
appears by the feveral pieces communicated to them 
from time to time, and printed in their Tranfactions. 
To avoid improper wafte of time, he had fet hours in 
the day appointed for receiving fuch perfons as wanted: 
to confulr chim, either for their own affiftance, or to 
communicate new difcoveries to him: And he befides 
kept up an extenfive correfpondence with the moft 
learned men in Europe; fo that it is wonderful how 
he could bring out fo many new works as he did. His. 
next publications were, 12. A continuation of new ex- 
periments touching the. weight and {pring of the air 5 
to which is added, A difcourfe of the atmofphcre of 
confiftent bodies, 1669.—-13. Trats about the cofmi- 
cel qualities of things; cofmical fofpicions ; the tem- 
perature of the fubterraneous regions; the bottom 
the fea; to which is prefixed an introduétion. to the 
hiftory of particular qualities, 1669.—14. Confidera- 
tions on the ufefulnefs of experimental and natural phi- 
lofophy;. 
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fofophy, the 2d part, 1671.15. Acolle&ion of traéts 
npon feveral afeful and important points of praétical 
philofophy, 1671.—16, An eflay upon the origin and 
virtues of gems, 1672.17. A collection of tracts upon 
the relation between flame aud ait; and feveral other 
ufeful and curious fubjeéts, 1672.-—Befides farnifhing, 
in this and the former year, a number of thort differta- 
tions upon @ great variety of topics, addreffed to the 
Royal Society, and inferted in their Tranfattions — 
18. Effays on the ftrange fubtiley, great efficacy, and 
determinate nature, of efluvia; witha variety of expe- 
riments on other fabjeéts, 1673.—19. The excellency 
of theology compared with philofophy, 1673.—This 
difcourfe was written in the year 1665, while our au- 
thor, to avoid the great plague which then raged in 
London, was forced to go from place to place in the 
-country, having little or no opportunity of confuiting 
his books.—20. A collection of traéts upon the faltnels 
of the fea, the moifture of the air, the natural and preter- 
natural ftate of bodies; to which is prefixed a dialogue 
concerning cold, 1674.21. A colleétion of tracts con- 
taining fufpicions about hidden ‘qualities of the air; 
with an appendix touching celeftial magnets 5 animad- 
verfions upon Mr. Hobbes’s problem about a vacuum ; 
a difcourfe of the caufe of attraétion and futtion, 1674. 
22. Some confiderations about the reafonablenels of 
reafon and religion ; by T. E. (the final letters of his 
names.) To which is annexed a difcourfe about the 
offibility of the refarreétion; by Mr. Boyle, 1675+ 
he fame year feveral papers communicated to the 
Royal Society, among which were two upon quick- 
filver growing hot with gold.—23. Experiments and 
notes about the mechanical origin or produdion of 
particular qualities, in feveral difcourfes on a great va- 
“riety of fubjefts, and among the reft on electricity, 
1676,—He then communicated to Mr. Hook a 
fhort memorial of fome obfervations made upon an ar- 
tificial fabftance that thines without any preceding il- 
luftration; publithed by Hook in his Lediones Cut- 
kriane,—24. Hiitorical’ account of a degradation of 
gold made by an anti-elixir.—25, Aerial nottiluca 5 or 
fome new phenomena, and a procefs of a faétitious 
felf-thining fubftance, 1680. This year the Royal So- 
ciety, asa proof of the jult fenfe of his great worth, 
and of the conftant and particular fervices which through 
a courfe of many years he had done them, made choice 
of him for their prefident; but he being extremely, 
and, as he fays, peculiarly tender in point of oaths, de- 
clined that honour—z6. Difcourfe of things above 
reafon’; inquiring, whether a philofopher thould admit 
any fach, 1681.27, New experiments and obferva- 
tions upon the icy noétiluca ; to which is added a che- 
mical paradox, grounded upon new experiments, mak- 
ing it probable that chemical principles are tran{muta- 
ble, fo that out of one of them ethers may be produced, 
1682.—-z8. A continuation of new experiments, phy- 
fico-mechanical, touching the fpring and weight of the 
air, and their effeds, 1682.29. A fhort letter to Dr. 
Beale, in relation to the making of freth water out of 
falt, 1683.—30. Memoirs for the natural history of hu- 
man blood, efpecially the fpirit of that liquor, 1684.— 
gt. Experiments and confiderations about the porofity 
of bodies, 1684.—-32- Short memoirs for the natural 
experimental hiftory of mineral waters, &c, 1685.— 
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33. An eflay onthe great effects of even languid and 
unheeded motion, &c, 1685.—34. Of the reconcileable- 
nefs of {pecific medicines to the corpufcular philefophy, 
&c, ei) are Of the high veneration man’s intelle& 
owes to God, peculiarly for his wifdom and power,1685. 
—36. Free enquiry into the vulgarly received notion 
of nature, 1886.— 37. The martyrdom of Theodora 
and Didymia, 1687.—-A work he had drawn up in his 
youth.—38. A difquifition about the final caufes of 
natural things, and abont vitiated light, 1688. 

Mr, Boyle's health declining very much, he abridged 
greatly his time given to converfations and communica- 
tions with other perfons, to have more time to prepare 
for the prefs fome others of his papers, before his 
death, which were as follows :-—39. Medicina [lydrofte- 
tica, &c, 1690.—40. The Chriftian virtuofo, &c, 1690. 
41. Experimenta et Obfervationes Phyfica, &c, 16913 
which is the laft work that he publithed. 

Mr. Boyle died on the laft day of December of the 
fame year 1691, in the 65th year of his age, and was 
buried in St. Martin’s church in the Fields, Weltmin- 
fter; his funeral fermon being preached by Dr. Gilbert 


* Burnet bifhop of Salifbury ; in which he difplayed the 


excellent qualities of our author, with many circum- 
ftances of his life, &c. But as the limits of this worle 
will not allow us to follow the bifhop in the copious 
and eloquent account he has given of this great man’s 
abilities, we mult content ourfelves with adding the 
following fhort eulogium by the celebrated phy’ fician, 
philofopher, and chemift, Dr. Boerhaave ; who, after 
having declared lord Bacon to be the father of experi- 
mental prilelophys afferts, that, “« Mr. Boyle, the orna- 
ment of his age and country, fucceeded to the genius 
and inquiries of the great chancellor Verulam. Which, 
fays he, of Mr. Boyle’s writings fhall [ recommend ? 
All of them. To him we owe the fecrets of fire, air, 
water, animals, vegetables, foffils: fo that from his 
works may be deduced the whole fyftem of natural 
knowledge.” 

Mr. Boyle lett alfo feveral papers behind him, which 
have been publithed fince his death. Beautiful editions 
of all his works have been printed at London, in 5 vo- 
Jumes folio, and 6 volumes 4to. Dr. Shaw alfo pub- 
lithed in 3 volumes 4to, the fame works « abridged, 
methodized, and difpofed under the general heads of 
Phyfics, Statics, Pneumatics, Natural Hiftory, Chy- 
miftry, and Medicine ;’* to whichhe has prefixed a fhort 
catalogue of the philofophical writings, according to 
the order of time. when they were firit publifhed, &c, 
as follows: ° 


Phyfico-mechanical experiments on the {pring 


and weight of the air - - 1661 
The Sceptical Chymitt - - 1665 
Phyfiological Effays - - - 1662 
Hiftory of Colours - - - 1663 
Ufefulnefs of Experimental Philofophy ~ 1663 
Hittory of Cold - - - 1665 
Hiftorical Paradoxes —- - - 1666 
Origin of Forms and Qualities - 1666 
Cofmical Qualities : - - 1670 
The admirable rarefaétion of the air - 1670 
The Origin and Virtues of Gems - 1672 
The Relation betwixt Flame and Air - 1672. 
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Effluviums - - -_ + 1673 nomy at Oxford became vacant, by the death of the 
Saltnefs of the Sea - - - 3674 ~—cclebrated Dr. John Keil; and Mr. Bradley was eleated 
Hidden Qualities of the Air - e- 1674 to facceed him on the 31f of Odtober 1721, at 29 
"The Excellence, &c, of the Mechanical Hy-- yearsofage: his coleague being Mr. Halley, who was 
pothefis - - - 1674 profeffor of geometry on the fame foundation. Upon 
Confiderations on the Refurrettion + 1675 this appointment, Mr. Bradley refigned his “church 
Particular Qualities - -- 1676 livings, and applied himfelf whoily tu the ftady of his 
Aerial No@iluca - ie - 1680 favourite fcience, In the courfe of his obfervations, 
fey Noétiluca = - - 1680 which were innumerable, he difcovered and fettled the 
Things above Reafon - - 1681 laws of the alterations of the fixed flars, from the progref- 
Natural Hiftory of Human Blood - 1684 five motion of light, combined with the earth’s annual 
Porofity of Bodies _ - 1684 motion about the fun, and the nutation of the earth’s 
Natural Hiftory of Mineral Waters = - 1684 axis, arifing from the unequal attraction of the fan and 
Specific Medicines - . 1685 moon on the different parts of the earth. The former 
The High Veneration due to God - 1685 of thefe effects is called the aberration of the fixed 
Languid Motion - - - 1685 ftars, the theory of which he publithed in 17273 and 
The Notion of Nature . - 1685 the latter the mutation of the earth’s axis, the theory of 
Final Caufes 7 a - 1688 which appeared in 1737: fo that in the fpace of about 
Medicina Hydroftatica - - 1690 1o years, he communicated to the world two of the 
The Chriftian Virtuofo - - 1690 finett difcoveries in madern aftronomy ; which will for 
Experimenta & Obfervationes Phyfica: 1691 ever make a memorable epoch in the hiftory of that 

Natural Hiftory of the Air feos 1692 fcience. See Anerrarson and NuTation. 
Medicinal Experiments - - 1718 In 1730. our authog fucceeded Mr. Whitefide, as. 
BRADLEY (Dr. James), a celebrated Englifh Jecturer in aftronomy and experimental philofophy in 


aftronomer, the third fon of William Bradley, was 
born at Sherborne in Gloucefterfhire in the year 1692. 
He was fitted for the univerfity at Northleach in the 
fame county, at the boarding {chool of Mr. Egles and 
Mr. Brice. From thence he was fent to Oxford, and 
admitted a commoner of Baliol college, March 15, 
1710; where he took the degree of bachelor the 14th 
of Ofober 1714, and of matter of arts the 2ift of 
January 1716. His friends intending him for the 
church, his ftudies were regulated with that view ; and 
as foon as he was of a proper age to receive holy or- 
ders, the bifhop of Hereford, who had conceived a 
great efteem for him, gave him the living of Bridftow, 
and foon after he was inducted to that of Landewy 
Welfrey in Pembrokehhire. 

He was nephew to Mr.Pound,a gentleman well known 
in the learned world, by many excellentaftronomical and 
other obfervations, and who would have enriched it much 
more, if the journals of his voyages had not been burnt 
at Pudor Condor, when the place was fet on fire, and 
the Englith who were fettled there cruelly maffacred, 
Mr. Pound himfelf very narrowly ge Pe with his life. 
With this gentleman, at Wanftead, Mr. Bradley. pafled 
all the time that he could {pare from the duties of his 
fandtion ; being then fufficiently acquainted with the 
mathematics to improve by Mr. Peand’s converfation, 
Jt may eafily be imagined that the example and con- 
yerfation of this gentleman did not render Bradley more 
fond of his profeifion, to which he had before no great 
attachment : he continued however as yet to fulfil the 
duties of it, though at this time he had made fuch ob- 
fervations as laid the foundation of thofe difcoveries 
which afterwards diftinguithed him as one of the 
greateft aftronomers of his age. hefe obfervations 
gained him the notice and friendthip of the lord chan- 
cellor Macclesfield, Mr. Newton, afterwards Sir Haac, 

’ Mr..Halley, asd many other members of the Royal 
Society, into which he was foon after eleCted a mem- 
ber. 

Soon after, the chair of Savilian profeffor of aftro- 


the Mufeum at Oxford: ‘which was a confiderable emo- 
Jument to him, and which he held till within a year or 
two of his death ; when the ill ftate of his health in- 
duced him to refign it. : 

Our author always preferved the efteem and. friend- 
fhip of Dr. HaHey ; who, being worn out by age and 
infirmities, thought he could not do better for the fer- 
vice of aftronomy, than procure for Mr. Bradley the 
place of regius profeffor of aftronomy at Greenwich, 
which he himfelf had many years poffeffed with the 

reateft reputation. With this view he wrote many 
letters, defiring Mr. Bradley’s permiffion to apply for 
a grant of the reverfion of itto him, and even offered 
to refign it in his favour, if it fhould be thought new 
ceffary: but Dr. Halley died before he could accom- 
plifh this kind objeét. Our author however obtained 
the place, by the intereft of lord Macclesfield, who was: 
afterward prefident of the Royal Society ; and upon this 
appointment the univerfity of Oxford fent him a di- 
ploma. 

The appointment of aftronomer royal at Greenwich, 
which was dated the 3d of February 1741-2, placed 
our author in his proper element; and he pur(ued his 
obfervations with unwearied diligence. However nu- 
merous the collection of aftronomieal -iuftraments at 
that obfervatory, it was impoffible that fuch an obfer- 
ver as Dr. Bradley thould not defire to increafe them, 
as well to anfwer thofe particular views, as in general 
to make obfervations with greater exatnefs. In the 
year 1748 therefore, he took the opportunity of the 
vifit of the Royal Society:to the obfervatory, annually: 
made to examine the inftruments and receive the pro- 
feffor’s observations for the year, to reprefent fo.ftrongly 
the neceflity of repairing the old inftruments, ard pro~ 
viding new ones, that the fociety thought proper to: 
make application to the king, who was pleafed to or- 
der 1000 pounds for that purpofe. This {um was laid 
ont under the direétion of our author, who, with the 
affiftance of the late celebrated Mr. Graham and Mr.. 
Bird, furnihed the obfervatory with as complete a col- 

leGion: 


- after a lapfe of almolt 20 years, has never yet 


“nance, “© in confideration 
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le@tion of aftronomical inftruments, as the moft fkilfu « 
and diligent obferver could defire. Dr. Bradley, thus 
fornifhed with fuch affitance, purfued his obfervations 
with great affiduity during the reft of his life; an im- 
menfe number of which was found after his death, in 
13 folio volumes, and were prefented to the univerfity 
of Oxford in the year 1776, on condition of their 
printing and publithing them ; but which however, un- 
fortunately for the improvement of aftronomy, now 


done. 

During Dr. Bradley’s refidence at the Royal Ob- 
fervatory, the living of the church at Greenwich be- 
came vacant, and was offered to him: upon his refufing 
touccept it, from a confcientious.{crupie, * that the 
duty of a paltor was incompatible with his other 
Rudies and neceffary engagements,” the king was 
pleafed to grant him a pention of 2sol. over and above 
the altronomer’s original falary from the board of Ord- 
(as the fign manual, dated 
the isth Feb. 1752, exprefies it) of his great fkill and 
knowledge in the feveral branches of aftronomy and 
other parts of the mathematics, which have proved fo 
wfeful to the trade and navigation of this kingdom.” 
A penfion which has been regularly continued to the 
aitronomers royal ever fince. ’ 

About 1748, our author became entitled ‘to bifhup 
Crew’s benefastion of 301. a year, to the lecture reader 


_ in experimental philofophy at Oxford. He was eledted 
@ member of the Academy of Sciences at Berlin, in 
“I7473 of that at Paris, in 17483 ofthat at Peterfburgh, 


in 754i and of that at Bologna, in 1757. He was 
married in the year 1744, but never had more than one 
child, a daughter. : : 

By too clofe application to ftudy and obfervations, 
Dr. Bradley became affi€ted, for near two years be- 
fore his death, with a grievous oppreffton on his {pi- 
zits; which interrupted his ufeful labours, This dif- 
trefs arofe chiefly from an apprehenfion that he fhoulé 
outlive his rational faculties: but this fo much dreaded 
evil never came upon him. In June 1762 he was 
feized with a foppretfion of urine, occafioned by an in- 
flammation in the reins, which terminated his exiftence 


“the 13th of July following. His death happened at 


Chalfont in Gloucefterthire, in the 7oth year of his 


age; and he was interred at Minchinhampton in the. 


fame county. 


As co his ehataéter, Dr. Bradley was remarkable for 


"a placid and gentle mode(ty, very uncommon in per- 


fons of an ative temper and robuft conilitution. Al- 
though he was a good fpeaker, and pofleffed the rare 
but happy art of exprefling his ideas with the utmoft 
precifion and clearnefs, yet no man was a greater lover 
of filence, for he never fpoke but when he thought it 
abfolutely neceflary. Nor was he more inclined to 
write than to fpeak, as he has publifhed very little: he 


- had a natural diffidence, which made him always afraid 


that his works might injure his charaéter ; fo that he 


‘fapprefled many which might have been worthy of. 


publication. e 
His papers, which have been inferted in the Philof. 
Tranf. ares - : ial 4 
‘4. Obfervations 
pe 4is, 


1 


on the comet of 1703. Vol. 33, 


[i224] | 
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2: Te longitude of Lifhon and of the fort of New 
York from Wanfted and London determined by the 
eclipfe of the, gg satohlite of Jupiter. Vol. 34. p. 85. 

3. Ap mt of a new difcoveredMotion of the 
Fixed Stars. Vol. 35, p- 637- 

4. On the Going of Clocks with Ifochronal Pendu- 
lums. + Vol. 38," p- 302- : 

3» Obfervations on the Comet of 1736-7. Vol. 
40, Po IIT. 

6. On the apparent Motion of the Fixed Stars, Vol. 
45, pe te 

3 On the Occultation of Venus by the Moon, the 
agth of April 1751. Vol. 46, ps 201. 

8. On the Comet of 1757. Vol. 50, p. 408. 

9. Dire@ions for ufing the Common Micrometer. 
Vol. 62, p. 46. 

BRADWARDIN (Tomas), archbifhop of Can- 
terbury, was born at Hartfield in Suffex, about the 
clofe of. the 13th century. 
ton College Oxford, where he took the degree of 
doftor of dsvinity ; and acquired the reputation of a 
profound fcholar, 
mate divine. It has been faid he was profeffor of di- 
vinity at Oxford ; that he was chancellor of the diocefe 
of London, and confeffor to Edward the 3d, whom he 
conflantly attended during his war with France. After 
his return from the war, he was made prebendary of , 
Lincoln, and afterward archbifhop of Canterbury, He 


He was educated at Mer-_ - 


a fkilful mathematician, and confum- 


1 


“died at Lambeth in the year 1349, forty daysafter his 


confecration. His works are, 1. De Caufa Dei, printed 
London 1618, publifhed by J. H. Savil.—z. De Geo- 
-Ictria fpeculativa, Se. Paris, 14951 1512, 1530+ 
3. De Arithmetica prafica, Paris, 1502, 1512.—4. De 
Proportionibus, Paris, 1495. Venice, 1505, folio. 
. De Quadratura Circuli, Paris, 1495, folio. 
BRAHE (Tycuo), a celebrated aftronomer, de. 
feended from a noble. family originally of Sweden but 
fettled in Denmark, was born the 14th ef December 
. 1546, at Knudftorp in the county of Schonen, near 
Helfimbourg. He was taught Latin when 7 years 
old, and ftudied 5 years under private tutors. His fae 
ther dying while our author was very young, his uncle, 
George Brahe, having no children, adopted him, and 
fent him, in 1559, to ftudy philofophy and rhetoric at 
Copenhagen. “The great eclipfe of the fun, on the art 
of Auguft 1560, happening at the precife time the af- 
tronomers had foretold, he began to confider aftronomy 
as fomething divine ; and purchafing the tables of Sta~ i 
dius, he gained fome notion of the theory of the planets, 
In 1562 he was fent by his uncle to Leipfic to ftudy 
the law, where his acquirements gave manifeft indica- 
tions of extraordinary abilities. His natural inclina- 
tion however was to the ftudy of the heavens, to which 
he applied himfelf fo affiduoufly, that, notwithftanding 
the care of his tutor to keep him clofe to the fudy of 
the law, he made ufe of every means in his power for 
improving his knowledge of aftronomy ; he purchafed 
with his pocket-moncy whatever books he could meet 
with on the fubjeét, and read them with great atten- 
tion, procuring affftance. in difficult cafes from Bartho- 
Jomew Scultens his private tutor ; and having procured 
a {mall celeftial globe, he took opportunities, when his 
tutor was in bed, and when the weather was clear, to 


” examine the conflellations in.the heavens, to learn their 
; 2 names 
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names from the globe, and their motions from obferva- 
tion, « 

After a courfe of 3 years ftudy at Leipfic, his uncle 
dying, he returned home in 1565. “In this year a dif- 
ference arifing between Brahe and a Danifh nobleman, 
they fought, and our author had part of his nofe cut 
off by a blow; a defeét which he fo artfully fupplied 
-with one made of gold and filver, that it was not per- 
ceivable. About this time he began to apply himfelf 
to.chemiftry, propofing nothing lefs than to obtain the 
philofopher’s tone. But becoming greatly difguited 
to fee the liberal arts defpifed, and finding his own re~ 
Jations and friends uneafy that he applied himfelf to 
-aftronomy, as thinking ita ftudy unfuitable to a perfon 
~of his quality, he went to Wirtemberg in 1566, from 


whence the breaking out of the plague foon occafioned’ ~ 


his removal to Roftock, and in 1969 to Augtburg, 


where he was vifited by Peter Ramus, then profefior’ 
of aftronomy at Paris, and who greatly admired his un-" 


common {kill in this fcience. ; 

In 1571 he returned to Denmark ; and was favoured 
by his maternal uncle, Steno Billes, a lover of learning, 
with a convenient plaee at his caftle of Herritzvad near 

Knudftorp, for making his obfervations, and buildin g 

alaboratory, And here it was he difcovered, in 15735 

a new ftar in the cenftellation Caffopeia.. But foon 

after, his marrying a country girl, beneath his rank; 

occafioned fo violent a quarrel between him and his re~ 
lations, that the king was obliged to interpofe to re- 
concile them, 
‘In 1574, by the king’s command, he read le¢tures 
“at Copenhagen on the theory of the planets. ‘The year 
following he began his travels through Germany, an 
proceeded as far as Venice. He then refolved to re- 
move his family, and fettle at Bafil ; but Frederic the 
2d, king of Denmark, being informed of his defign, 
and unwilling to lofe a man who was capable of doing 
fo much honour to his country, he promifed to enabl¢ 
* him to purfue his ftudies, and beftowed upon him for 
life the ifland of Huen in the Sound, and prondifed that 
an obfervatory and laboratory fhould be built for him, 
with a fupply of money for carrying on his defigns : and 
accordingly the firft ftone of the obfervatory was 
laid the 8th of Auguft 1576, under the name of 
Uranibourg: The king alfo gave him a penfion of 
2000 crowns out of his treafury, a fee in Norway, and 
a canonty of Rofhild, which brought him in 1000 
more. ‘his fituation he enjoyed for the fpace of 
about ‘20 years, purfuing his obfervations and ftudies 
with great induftry ; here he kept always in his houfe 
ten or twelve young men, who affifted him in his ob- 
fervations, and whom he inftru€ted in aftronomy and 
mathematics. Here it was that he received a vifit 
from James the 6th, king of Scotland, afterwards James 
the if of England, having come to Denmark to 
efpoafe Anne, daughter of Frederick the 2d: James 
made our author fome noble prefents, and wrote a copy 
of Latin verfes in his praife. _ ; 

Brahe’s tranquillity however in this happy fitaation 
was at length fatally interrupted. Soon after the death 
of king Frederick, by the afperfions of envious and 
malevolent minifters, he was deprived of his penfion, 
fee, and canonry, in 1596. Being thus rendered in- 
capable of fepporting the expences of his eftablifh- 
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ment, he quitted his favourite Uranibourg, and with- 
drew to Copenhagen, with fome of his inftraments, - 
and continued his aftronemical obfervations and, che- 
mica] experiments in that city, till the fame malevolence , 
procured from the new king, Charles the 4th, an or- 
der for him to difcontinue them, This induced him 
to full upon means of being introdaced to the emperor 
Rodolphus, who was fond of mechanifm and chemical - 
experiments : and to fmooth the way to an interview, 
Tycho now publithed his book, Afronomia inflaurata 
Mechanica, adorned with figures, and dedicated it to 
the emperor. ‘That prince received him at Prague with 


-great civility and refpe@; gave him a magnificent 


houfe, till he could procure one for him more fit for 
aftronomical ebfervations ; he alfo afligned him a pen- 
ficn of 3000 crowns; and promifed him a fee for him.” 
felf and his defcendants. Here then he fettled in the lat~: 
ter part of 1598, with his fons and {cholars, and among 
them the celebrated Kepler, who had joined him. But 
he did not long enjoy this happy fituation; for, about 
3 years after, he died, onthe 24th of Oftober 1601, 
of a retention of urine, in the sgth year of his age, 
and was interred in a very magnificent manner in the 
principal church at Prague, where a noble monument 
was erected to him ; leaving, befides his wife, two fons 
and feur daughters. On the approach of death, he en-" 
joined his fons to take care that none ot his works 
fhould be loft; exhorted the ftudents to attend clofely’ 
to their exercifes; and recommended to Kepler the 
finifhing of the Rudolphine tables he had conitruéted 
for regulating the motion of the planets. So Bee 

Brahe’s fkill in aftronomy is univerfally known; and” 
he is famed for being the inventor of a new fyftem cf 
the planets, which he endeavoured, thovgh without 
fuccefS, to eftablith on the ruins of that of Copernicus, 
He was very credulous with regard to judicial aftro- 
logy and prefages: If he met an old woman when he 
went out of doors, or a hare upon the road on a journey, 
he would turn back immediately, being perfuaded that 
it was a bad omen Alfo, when he lived at Uranibourg, 
he kept at his hou a madman, whom he placed at his 
feetat table, and fed himfelf; for as he imagined that 
every thing fpoken by mad perfons prefaged fomething, 
he carefully obferved all that this man faid; and be- 
caufe it fometimes proved true, he fancied it might al- 
ways be depended on. He was of a very irritable dif- 
pofition : ‘2 mere trifle put him in a paffion ; and againft 
perfons of the firft rank, whom he thought his eng. 
mies, he openly difcovered his refentment. He was 
very apt to rally others, but highly provoked when the 
fame liberty was taken with himfelf-—The principal. 
part of his writings, according to Gaflendus, are, 

1. An account of the New Star, which appeared 
Nev. 11th 1572, in Caffiopcia ; Copenh. 1573, in 4to. 
—z. An Oration concerningthe Mathematical Sciences, 
pronounced in the univerfity of Copenhagen, in the © 
year 1574; publifhed by Conrad Aflac, of Bergen in 
Norway.—3. A treatife on the Comet of the year 
1577, immediately after it difappeared. Nine years 
afterward, he revifed it, and added a roth chapter. 
Printed at Uranibourg, 1589.—4. Another treatife on 
‘the New Phenomena of the heavens. In the firft part 
of which he treats of the Reftitution, as he calls it, of — 
the fun, and of the fixed ftars, Andin the 2d part, of 
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a New Star, which then had made its appearance.— 
5. A collection of Aftronomical Epifties: printed in 
4t0, at Uranibourg in 1596; Nuremberg in 16025 and 
at Franckfort m 1610. It was dedicated to Maurice 
Landgrave of Heffe ; becaufe there are in it 2 confider- 
able number of letters of the landgrave William his 
father, and of Chriftopher Rothmann, the -mathema- 
tician of that prince, to Tycho, and of Tycho tothem. 
—6. The Mechanical Principles of Aftronomy relto- 
red: Wandelburg, 1598, in folio.—-7. An Anfwer to 
the Letter of a certain Scotchman, concerning the 
comet, in the year 1577.8. On the compofition ofan 
Elixir for the plague; addreffed to the emperor Ro- 
doiphus.—g. An elegy upon his Exile: Roltock, 1614, 
4to.—1o. The Rudolphine Tables; which he had not 
finithed when he died; but were revised, and pablifhed 
by Kepler, as Tycho hed defired—11. An Accurate 
Enumeration of the Fixed Stars: addreffed to the em- 

ror Rodolphus.-—12. A complete Catalogue of sooo 
of the fixed Stars; which Kepler has inferted in the 
Rudolpine Tables.—13. Hiforta Calefiis; or a Hil- 
tory of the Heavens ; in two parts: ‘The rf contains 
the Obfervations he had made at Uranibourg, in 16 
books: The latter contains the Obfervations made at 
Wandefburg, Wittenberg, Prague, &c.5 in 4 books, 
—14. Isan lipiftle to Calter Pucer 5 printed at Copen- 
hagen 1668, 

RANCKER, or BRANKER (THomas), an emi- 
nent mathematician of the 17th century, fon of Thoshas 
Brancker fome time bachelor of arts in Exeter College, 
Oxford, was born in Devonthire in 1636, and was ad- 
mitted butler of the faid college, Nov. 8, 1652, inthe 
17th year of his age. In 1655, June the 15th, he took 
the degree of bachelor of arts, and was eleéted proba- 
tionary-fellow the 3oth of the fame month. In 1658, 
April the 22d, he took the degree of matter of aris, 
and became a preacher ; but after the reftoration, re- 
fufing to conform to the ceremonies of the church of 
England, he quitted his fellowship in 1662, and retired 
toChefter: But not long after, he betame reconciled to 
the fervice of the church, took orders from a bifhop, 
and was made a minifter of Whitegate. He had how- 
ever, for {ome time, enjoyed great opportunity and lei- 
fure for purfuing the bent of his genius in the mathe- 
matical iciences ; and his {kill both jin the ithematics 
and chemiftry procured him the favour of ford Brere- 
ton, who gave him the rectory of Tilfton, He was 
afterward chofen mafer of the well-endowed fchool at 
Macclesfield, in that county, where he fpent the re- 
maining years of his life, which was terminated by a 
fhort iline{s in 1676, at 40 years of age; and he was 
jnterred in the church at Macclesfield. 

Brancker wrote a piece on the Do€trine of the 
Sphere, in Latin, which was publithed at Oxford in 
3662; and in 1668, he peblithed at London, in 4to, a 
granflation of Rhonius’s Algebra, with the title of 4x 
Introdudtion 10 Algebra 3 which treatife having commu- 
nicated to Dr. John Pell, he received from him fome 
affitance towards improving it; which he generoufly 
acknowledges in a letter to Mr. John Collins 5 with 
whom, and fome other gentlemen; proficients in this 
feience, he continued a corre(pondence during his life. 

BREACH, in Fortification, a gap or opening made 
in any part of the works of the town, by the cannon or 
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mines of the, befiegers, with intent to florm or atrack 
the place. 

BREAKING Ground, in Military Affairs, is begin- 
ning the works for carrying on the fiege of a place; 
more efpecially the beginning to dig trenches, or ap- 

roaches. 

BREECH of a Guz, the hinder part, from the cafca- 
bel to the lower part of the bore, . 

BKEREWOOD (Epwarp), a Jearned mathema- 
tician and antiquary, was the fon of Robert Brere- 
wood, a reputable tradefman, who was three times 
mayor of Chefter, Our author was born in that city 
in 1565, where he was educated in grammar learning 
at the free {chool; and was afterward admitted, in 
1581, of Brazen-nofe Coliege, Oxford ; where he foon 
acquired the character of a hard ftudent; as he has 
thewn by the commentaries he wrote upon Ariftotle’s 
Eehicee which were written by him about the age 
of 21. 

In the year 1596 he was chofen the firft Profeffor 
of Aftronomy in Grefham College, being one of the 
two who, at the defire of the electors, were recom- 
mended to them by the univerfity of Oxford, He 
loved retirement, and wholly devoted himfelf to the 
purfuit of knowledge. And though he never publifhed 
any thing himfelf, yet he was very communicative, and 
ready to impart what he knew, to others, either in 
converfation or in writing. His retired fituation at 
Gretham College being agreeable, it did not appear 
that he had any other views, but continued there the 
remainder of his life, which was terminated by a fever 
the 4th of November 1613, at 48 years of age, in the 
midit of his’ purfuits, and before he had taken proper 
care to colle& and digeft his learned labours ; which 
however were not loft; being reduced to order, and 
publifhed after his death, Thefe were Sittle or no- 
thing mathematical, being of a‘mifcellaneous natore, 
upon the feveral fubjects of Weights, Money, Lan- 
guages, Refigion, Logic, the Sabbath, Meteors, the 
Eye, Ethics, &c. 

BRIDGE, a work of carpentry or mafonry, built 
over a river, canal, or the like, for the convenience of 
pafling from one fide to the other; and may be con- 
fidered as a road over water, fapported by one or more 
arches, and thefe again fupported by proper piers or 
buttments. Befides thefe effential parts, may pe added 
the paving at top, the banquet, or raifed footway, on 
each fide, leaving a fafficient breadth in the middle for 
horfes and carriages, alfo the parapet wall either with 
or without a balultrade, or other ornamental and ufeful 
parts. The breadth of a bridge for a great city 
fhould be fuch, as to allow an eafy pafiage for three 
carriages and two horfemen abreaft in the middle way. 
and for 3 foot paffengers in the fame manner on each 
banquet : but for other f{maller bridges, a lefs breadth. 

Bridges are commonly very difficult to execute, on 
account of the inconvenience of laying foundations and 
walling under water. The earlieft rules and inftruc- 
tions for building of bridges are given by Alberti, in 
his Archit. 1, 8. Other rules were afterwards laid 
down by Palladio, Serlio, and Scamozzi, which are 
collected by Blondel, in his Cours @’ Archit. pa. 629 
&c, The beft of these rules were alfo given by Gold. 
man, Bavkhurift, and in Hawkefmoos’s Hiftory of 
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London Bridge. M. Gautier has a confiderable vo- 
fume exprefsly on bridges ancient and mederp.. See 
alfo Riou’s Short Principles for the Archite€ture of 
Stone Bridges; as alfo Emerfon, Muller, Labelye, and 
my own Principles of Bridges. . 

The conditions required in a bridge are, That it 
be well defigned, commodious, durable, and fuitably 
decorated. It fhould be of fuch a height as to be 
quite convenient for the paflage over it, and yet eafily 
admitting thro»gh its arches the veffels that navigate 
upon it, and all the water, even at high tides and 
floods: the neglect of this precept has. been the ruin 
of many bridges. Bridges are commonly continued ia 
aftraight dircélion perpendicular to the ftreams-though 
iome think they fhould be made convex towards the 
ftream, the better to refit floods, &c. And bridges 
of this fort have been executed in fome places, as 
Pont St. Efprit near Lyons. Again, a bridge fhould 
not be made in too narrow a part of a navigable river, 
or one fubjed to tides or floods: becaufe the breadth 
being fill more contraéted by the piers, this will in- 
eeu the depth, velocity, and fall of the water under 
the arches, and endanger the whole bridge and naviga- 
tion. There ought to be an uneven number of arches, 
oran even number of piers; both that the middle of 
the tream or chief current may flow freely. without the 
interruption of a pier; and that the two halves of the 
bridge, by gradually rifling from the ends to the mid- 
dle, may there meet in the highett and largeft arch; 
and alfo, that by being open in the middle, the eye 
in viewing it may look dire@ly through there. When 
the middle and ends are of differents heights, their dif- 
ference however ought not to be great in proportion 
to the length, that the afcent and defcent may be eafy ; 
and in that cafe alfo it is more beautiful to make the 
top in one continued curve, than two ftraight lines 
forming an angle in the middle. Bridges fhould rather 
be of few and large arches, than of many fmaller ones, 
if the height and fituation will poffibly allow of it ; for 
this will leave more free paflage for the water and na- 
vigation, and be a great faving in materialsand labour, 
as there will be fewer piers and centres, and the arches 
&c, will require lefs materials; a remarkable inftance 
of which appears in the difference between the bridges 
of Weftminfter and Blackfriars, the expence of the for- 
mer being more than double the latter. 

For the proper execution of a bridge, and making 
an eftimate of the expence, &c, it is neceflary to have 
three plans, three fections, and an elevation. ‘The three 
plans are fo many horizontal fections, viz. fir a plan 
of the foundation under the piers, with the particular 
circumftances attending it, whether of gratings, planks, 
piles, &c3 the 2d is che plan of the piers and arches ; 
and the 3d isthe plan of the fuperitruéture, with ‘the 
paved road and banquet. ‘The three {cétions are ver- 
tical ones; the firt of them a longitudinal fe€tion from 
end to end of the bridge, and through the middle of 
the breadth ; the zd a tranfverfe one, or acrofs it, and 
through the fummit of an arch ; and the 3d alfo acrofs 
bat taken upona pier. The elevation is an orthogra- 
phic projection of one fide or face of the bridge, or its 
appearance as viewed at a diftance, fhewing the exte- 
rior afpeét of the materials, with the manaer in which 
they are difpoted, &c. 
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For the figure of the arches, fome prefer the femi- 
circle, though perhaps without knowing any gepd rea- 
fon why ; others the elliptical form, as haying many. 
advantages over the femi-circular ; and fome talk of 
the catenarian arch, though its pretended advantages 
are only chimerical ; but the arch of equilibriation is 
the only perfect one, fo as to be equally ftrong in every. 
part: {ce my Principles of Bridges. The piers are at 
diverfe thickneis, according to the figure, fpan, and 
height of the arches; as may be feen in the work 
above mentioned. 

With the Romans, the repairing and bnilding of 
bridges were committed to the pricits, thence named 
pontifices; next to the cenfors, or curators of the 
roads; but at laft the emperors took the care of the 
bridges into their own hands, Thus the Pons Jani- 
culenfis was built of marble by Antoninus Pius; the 
Pons Ceftius was reftored by Gordian; and Arian 
built a new one which was called after his own name. 
In the middle age, bridge-building was counted amon 
the aéts of religion; and, towards the end of the 12t. 
century, St. Benezet founded a regular order of hofpi- 
tallers, under the name of pontifices, or bridge- builders, 
whofe office was to affft travellers, by making bridges, 
fettling ferries, and receiving ftrangers into hofpitals, 
or houfes, built on the banks of rivers. We read of an 
hofpital ofthis kind at Avignon, where the hofpital- 
lers refided under the direétion of their firft {yperior St. 
Benezet: and the Jefuit Raynaldus has a treatife on. 
St. John the bridge-builder. 

Among the bridges of antiquity, that built by Tra- 
jan over the Danube, it is allowed, is the moft magnifi- 
nent. Jt was demolifhed by his next fucceffor Adrian, 
and the ruins are ftill to be feen in the middle of the 
Danube, near the city Warhel in Hungary, It had 
20 piers, of {quare ftone, each of which was 150 feet 
high above the foundation, 60 feet in breadth, and 170 
feet diftant from one another, which is the {pan or 
width of the arches; fo that the whole length of the 
bridge was more than 1530 yards, or one mile nearly. 

In France, the Pont de Garde is a very bold firnc-~ 
ture ; the piers being only 13 feet thick, yet ferving 
to fupport an immenfe weight of a tiiplicate arcade, 
and joining two mountains. It confiits of three bridges, 
one over another; the uppermoft of which is an aque- 
duct. e 

The bridge of Avignon, which was finifhed in the 
year 1188, confits of 18 arches, and meafures 1340 
paces, or about 1000 yards in length. o> 

The famous bridge at Venice, called the Rialto, 
paffes for a mafter piece of art, confitting of only one 
very flat and bold arch, near 100 feet {pan, and only 
23 feet high above the water: it was b: 4’t in 1501,-— 
Poulet alfo mentions a bridge of a fingle arch, in the 
city of Muniter in Bothnia, much belder than that of 
the Rialto at Venice. Yet thefe are nothing to « 
bride in China, built from one mountain to another, 
confifting only of a fingle arch, 400 cubits Jong, and 
500 cubits high, whence it js calied the flying bridge ; 
and a figure of itis given in the Philof ‘T'ranf, hir- 
cher alfo fpeaks of a bridge in the fame country 36¢ 
perches long without any arch, but fupported by 300 
pillars. : ; 

There are many bridges of confiderable note in oar 
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own country, The triangular bridge at Crowland in 
Lincolnfhire, it is faid, is the moft ancient Gothic 
ftrudture remaining intire in the kingdom; and was 
erected about the year 860. 

London bridge is on the old Gothick ftragture, with 

zo fmall locks or arches, each of only 20 feet wide ; 
but there are now only 18 open, two having lately been 
thrown into one in the centre, and another next one 
fide is concealed or covered up. It is goo feet long, 
60 high, and 74 wide; the piers are from 25 to 34 
feet broad, with flarlings projedting at the ends; fo 
that the greatelt water-way, when the tide is above the 
flarlings, was 450 feet, fcarce half the breadth of the 
river ; and below the flarlings, the water-way was re- 
duced to 194 feet, before the late opening of the centre. 
London bridge was firft built with timber between the 
years 993 and 1016; and it was repaired, or rather 
new built with timber 1163. The ftone bridge was 
begun in 1376, and finifhed in 1209. It is probable 
there were no houfes on this bridge for upwards of 
200 years; fince we read of a tilt and tournament held 
on it in 1395. Honfes it feems were erefted on it 
afterwards; but being found of great inconvenience and 
nuifance, they were removed in 1758, and the avenues 
to it enlarged, and the whole made more commodious ; 
the two middle arches were then thrown into one, by 
removing the pier from between them ; the whole re- 
pairs amounting to above.80,0001, 
’ There are sill fome more bridges in England bujlt 
in the old manner of London bridge ; as the bridge at 
Rochefter and fome others; alfo the late bridge at 
Newcaftle upon Tyne, which was broken down by a 
great flood in the year 1771, for want of a fufficient 
quantity of water-way through the arches, ; 

The longeft bridge in England is that over the 
Trent at Burton, builtin the r2th century, of fquared 
free-ftone, and is trong and lofty; it contains 34 arches, 
and the whole length is 1545 feet. But this falls far 
fhort of the wooden bridge over the Drave, which ac- 
cording to Dr. Brown is at leaft 5 miles long. 

But one of the moft fingular bridges in Europe is 
that built over the T'aaf in Glamorganfhire, by Wil- 
liam Edward, a poor country mafon, in the year 1756. 
This remarkable bridge confifts of only one ftupendous 
arch, which, though only 8 feet broad, and 35 feet 
high, is no lefs than 140 fpan, being part of a circle 
of 175 feet diameter. 

There is alfo a remakable bridge of one arch, built 
at Colebrook Dale in 1779, of cat iron: and another 
fill larger of the fame metal, is now raifing over the 
river Wear, at Sunderland, the arch being of 240 feet 
fpan. 

TOF mado bridges, perhaps the two fineft in Eu- 
rope, are the Weitminfter and Blackfriars bridges over 
the river Thames at London. The former is 1220 
feet long, and 44 feet wide, having a commodious 
broad foot path on each fide for paflengers. It con- 
fils of 13 large and two {mall arches, all femicircular, 
with 14 intermediate piers, The arches all {pring from 
about z feet above low-water mark ; the middle arch is 
76 feet wide, and the others on each fide decreafe al- 
ways by 4 feetatatime. The two middle piers are 
each 47 feet thick at the fpringing of the arches; and 
she others decreafe equally on cach fide by one foot at 
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atime; every pier terminating with a faliant right 
angle againft either ftream. This bridge is built of 
the bei materials, and in a neat and elegant tafte, but 
the arches are too fmall for the quantity of mafonry 
contained irftit. This bridge was begun in 1738, and 
opened in 1750; and the whole fam of money granted 
and paid for the ereétion of this bridge, with the pur- 
chafe of houfes to take down, and widening the ave- 
nues, &c, amounted to 389,5001. 


* Blackfriars bridge, nearly oppofite the centre of the 
city of London, was begrn in 1760, and was com- 
pleted in 10 years and three quarters; and is an ex- 
ceeding light and elegant ftructure, but the materials 
unfortunately do not feem to be of the belt, as many 
of the arch flones are decaying. It confitts of g large, 
elegant, elliptical arches; the centre arch being 100 
feet wide, and thofe on each fide decreafing in a regu- 
Jar gradation to the fmalleft, at each extremity, which 
is 70 feet wide. The breadth of the bridge is 42 feet, 
and the length from wharf to wharf 995. The upper 
furface is a portion of a very large circle, which forms 
an elegant figure, and is of convenient paflage over it. 
The whole expence was 150,8401. 


There are various forts of bridges, of ftone, wood, or 
metal, of boats or floats, pendant or hanging bridges, 
draw bridges, flying bridges, &c, &c, and even natural 
bridges, or fuch as are found formed by nature, of 
which kind a moft wonderful one is defcribed by Mr. 
Jefferfon, in his State ¢ Virginia 3 and another, but 
{maller, is defcribed by Don Ulloa, in the province of 
Angaraez in South America. 


BRIGGS (Henry), one of the greatet mathema- 
ticians in the 16th and 17th centuries, was born at 
Warleywood, near Halifax in Yorkfhire, in 1556. 
From a grammar {chool in that country he was fent to 
St. John’s College, Cambridge, 1579; where afier 
taking both the degrees in arts, he was chofen fellow 
ofhis college in 1588. He applied himfelf chiefly to 
the ftudy of the mathematics, in which he greatly ex- 
celled ; in confequence in 1592 he was made examiner 
and le€turer in that faculty ; and foon after, reader of 
the phyfic le@ture, founded by Dr. Linacer. 

Upon the fettlement of. Grefham College, in Lon- 
don, he was chofen the firft profeflor of geometry 
there, in 1596. Soon after this, he conftruéted a 
table, for finding the latitude, from the variation of the 
magnetic needle being given. In the year 1609 he 
contradted an acquaintance with the learned Mr, James 
Uther, afterwards archbifhop of Armagh, which con- 
tinued many years afier by letters, two of Mr. Briggs 
being fill extant in the colleCtion of Uher’s letters 
thac were publifhed: in the former of thefe, dated 
Auguft 1601, he writes among other things, that he 
was engaged in the fubjeét of eclipfes ; and in the lat- 
ter, dated the roth of March 1615, that he was wholly 
taken up and employed about the noble invention of 
legarithms, which had come out the year before, and 
in the improvement of which he had afterwards fo great 
aconcern. For Briggs immediately fet himfelf to the 
ftudy and improvement of them; expounding them alfo 
to his auditors in his leQures at Grefham college. In 
thefe Icétures he propofed the alteration of the fcale cf 
logarithms, from the hyperbolic form which Nene 
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had given them, to that in which 1 fhould:be- the'lo- 


garithm of the ratio of roto 13 and foon after he wrote | 
to Napier to make the fame propofal to’ himfelf: In’ 


the year 1616 Briggs made a vifit to Napier at Edin- 
burgh, to confer with him upon this change; and the 
next year he did the fame alfo. In thefe conferences, 
the alterations was agreed upon accordingly, and upon 
Briggr's return Trom-his fecond vifit, in 1617, he pub- 
lithed the firft chiliad, or 1000 of his logarithms, See 
the Introduction to my Logarithms. 

In 1619 he was made the firit Savilian profeffor of 
geometry; and refigned the profeflorfhip of Grefham 
college the 25th of July 1620. At Oxford he fettled 
himfelf at Merton college, where he continued a moft 
laborious and ftudious life, employed partly in the du- 
ties of his office as geometry lecturer, and partly in the 
computation of the logarithms, and in other ufeful 
works, In the year 1622 he publithed a {mall tra& on 
the « North-wett paflage to the South Seas, through 
the continenc of Virginia and Hudfon’s Bay ;” the 
reafon of which was probably, that he was then a mem- 
ber of the company trading to Virginia. His next 
performance was his great and elaborate work, the 
Avithmetica Logarithmica in folio, printed at London in 


1624; a ftupendous work for fo fhort a time! con-: 


taining the logarithms of 3@ thoufand natural numbers, 
to 14 places of figures befide the index. Briggs lived 
alfo to complete a table of logarithmic fines and tan- 
gents for the rooth part of every degree to 14 places 
of figures befide the index; with a table of natural 
fines for the fame 1ooth parts to 15 places, and the 
tangents and fecants for the fame to ten places ; with 
the conftruction of the whole. Thefe tables were 

tinted at Gouda in 1631, under the care of Adrian 

lacq, and publithed in 1633, under the title of Trégo- 
nometria Britannica. In the conftraaion of thefe two 
works, on the logarithms of numbers, and of fines and 
tangents, our author, befide extreme labour and appli- 
cation, manifefts the highef power of genius and in- 
vention; as we here for the firft time meet with 
feveral of the moft important difcoveries in the mathe- 
matics, and what have hitherto been confidered as of 
much Jater invention ; fuch as the Binomial Theorem ; 
the Differential Method and‘Conftrudtion of Tables by 
DiGerences; the Interpolation by Differences; with 
Angular Seétions, and feveral other ingenious compo- 
fitions ; a particular account of which may be feen in 
the Introduétion to my Mathematical Tables. 

This truly great man terminated his ufeful life the 
26th of January 1630, and was buried in the choir of 
the chapel of Merton college. As to his character, 
he was not lefs efteemed for his great probity and other 
eminent virtues, than for his excellent fill in mathe- 
matics. Doétor Smith gives him the charaGter of a 
man of great probity; eafy of accefs to all; free from 
arrogance, morofeneG, envy, ambition and avarice; a 
contemner of riches, and contented in his own fitua- 
tion ; preferring a ftudious retirement to ail the fplen- 
did circum fances of life. ‘The learned Mr. Thomas 
Gataker, -vho attended his le€tures when he was reader 
of mathematics at Cambridge, reprefents him as highly 
efteemed by all perfons fkilled in mathematics, both 
at home and abroad; and fays, that defiring him ence 
to give his judgment concerning judicial afirology, his 
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anfwer was, “ that he conceived it.to be a mere fyftem 
of groundlefs conceits.” Oughtred calls him the mir- 
ror of the age, for his excellent fkillin geometry. And 
one of his-fucceffors at Grefham College, the learned 
Dr. HMaac Barrow,-in his oration there upon his admif- 
fion, has drawn his charaéter more fully ; celebrating 
his great abilities, tkill, and induftry, particularly in 
perfe@ting the invention of logarithms, which, wjthout 
his care and pains, might have continuéd an imperfeét 
and ufelefs defign. 

His writings were more important than numerous : 
fome of them were publifhed by other perfons; the lift 
of the principal part of them as follows : 

1. 4 Table to find the Height of the Pole ; the Magne- 
tical Declination being given. This was publifhed in Mr. 
‘Thomas Blundevile’s Theoriques of the Seven Planets = 
London 1602, 4to. : 

2. Cables for the Improvement of Navigation. Thefe 
confift of, A table of declination of every minute of 
the ecliptic, in degrees, minutes and feconds: Atable ~ 
of the fun’s.profthaphaerefes: A table of equations of 
the fan’s ephemerides: A table.of the fun’s declina~ 
tion: Tables to find: the height of the pole in any Ja- 
titade, from the height of the pole ftar. ‘Thefe tables 
are printed in the 2d edition: of Edward Wright’s 
treatife, intitled, Certain Errors in Navigation detected 
and correéted ; London 1610, 4to. 

3. A defeription of an Inftrumental Table to find the 
Part bly etic devifed by Mr. Ed-ward Wright. 
This ie fubjoined to Napier’s table of logarithms, 
tranflated into Englifh by Mr. Wright, and after his 
death publithed by Briggs, with a preface of his own = 
London,'1616 and 1618, 1zmo. 

4. Logarithmorum chilias prima. Lond. 1617, 8vo. 

5. Lucubrationes F Annotationes in opera pofthuma Ff. 
Neperi: Edinb. 1619, 4to. 

6. Euclidis Elementorum vi libri priores Se. Lond. 
1620, folio, This was printed without his name to it. 

7. A treatife of the Nerth-weft Paffage to the South 
Sea tfc. By H.B. Lond. 1622, 4to, This was re- 
printed in Purchas’s Pilgrims, vol. 3, p. 852. 


8. Arithmetica Logarithmica, (Sc. Lond. 1624, 
folio. : 

9. Trigonemetria Britannica, Fc. Goude 1633, 
folie. 


10, Tawo letters to archbifoop Ufrer. 

11. Mathematica ab antiquis vinus cognita.—~ This is a 
fummary account of the moft obfervable invention of 
modern mathematicians, communicated by Mr. Briggs 
to Dr. George Hakewill, and publithed by him in his 
Apologie ; Lond. folio. 

Befide thefe publications, Briggs wrote fome other 
pieces, that have not been printed: as, 

(t.) Commentaries on the Geometry of Peter Ramus. 

(2.) Duce Epiftola ad celeberrimum virum, Chr, Sever. 
Longomontanum, One of: thefe letters contained fome 
remarks on a treatife of Longomontanus, about {quar- 
ing the circle ; and the other a defence of arithmetical 
geometry. - ‘ 

(3-) Animadverfes Geometrica’® ‘4to. 

(4) De eodem Argumento: 4to.—Thefe t* 
in the poffeffion of the late Mr. Jones. ‘Trey both 
contain a-great variety of geometrical propofitions, con- 
cerning the properties of many figures, with feveral 
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arithmetical computations, relating to the circle, en- 
gular {€Qions, &c.—-The two following were alfo in 
poffeftion of Mr. Jones. . rh : 

(5.) A treatife of Common Anithmetic 3 folio. 

(6.) 4 letter to Mr. Clarke of Gravefend, dated 25 
Feb. 1606; with which he fends him the defcription 
of a ruler called Bedwell’s ruler, with direCtions how 
to ufedt. 

BRIGGS (Wittam), an eminent phyfician in the 
latter part of the 17th centary, was born at Norwich, 
for which town his father was four times member of 
parliament. Hevtudied at the univerfity of Cambtidge. 
He afterwards travelled into France, where he attended 
the lettures of the famous anatomift Vievffens, at 
Montpelier. Upon his return he publithed his Opsrhal- 
smograpbia, in 1676. The year following he was made 
doétor of medicine at Cambridge, and foon after fellow 
of the college of phyficians at London. In 1682 he 
refigned his “fellowfhip to his brother ; and the fame 
year his Theory of Vifon was publithed by Hook. The 
énfuing year he fent to the Royal Society a continua- 
tion of that difcourfe, which was publifhed in their 
"Tranfactions ; and the fame year he was appointed phy- 
fician to St. Thomas’s Hofpital. In 1684 he commu- 
nicated to the Royal Society two remarkable cafes re- 
lating to vifion, which were likewife printed in their 
‘Tranfations; and in 1685 he publifhed a Latin ver- 
fion of his Theory of Vifion, at the defire of Mr. New- 
ton, afterwards Sir fac, then profeffor of mathema- 
tics at Cambridge, with a recommendatory epiltle from 
him prefixed to it. He was'afterwards made phyfician 
in ordinary to king William, and continued in great 
efteem for his ikill in his profelfion till he died the 4th 
of September 1704. 

Bricas’s Logarwhms, that fpecies of them in which 
1 is the logarithm of the ratio of 10 to 1, or the loga- 
rithm of 10, See LogaxitHMs. 

BROKEN Number, the fame as Fra@ion; which fee. 

Broxen Ray, or Ray of Refraction, in Dioptrics, is 
the line into which an incident ray is retracted or 

“broken, in crofling the fecond medium. 

BROUNCKER, or BROUNKER, (Wixt1am), 
lord Vifcount of Cafile Lyons in Ireland, fon of 
Sir, William Brounker, afterwards made vifcount in 
1645, was born about the year 1620. He very early 
difcovered a genius for mathematics, in which he after- 
wards became very eminent. He was made dottor of 
phyfic at Oxford June 23, 1646. In 1657 and 1658, 
he was engaged in a correfpondence by letters on ma- 
themastical fabje&s with Dr. John Wallis, who pub- 
lifhed them in his Commercium Epifiolicum, printed 1658, 
at Oxford. He was one of the nobility and gentry 
who figned the remarkable declaration concerning king 
Charles the 2d, publifhed in April 1660. 
+. After the.reftoration, lord Brounker was made chan- 
cellor and keeper of the great feal to the queen con- 
fort, one of the commiffioners of the navy, and mafler 
of Se. Katherine’s hofpital near the tower of London, 
He was one of thofe great men who firft formed the 
Royal Society, of which he was by the charter ap- 
pointed the firft prefident in 1662: which office he 
held, with great advantage to the Society, and honour 
tohimfelf, till the anniverfary eleétion, Nov. 30, 1677. 
He died at his heufe in St. James’s ftreet, Weftmin- 
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fter; the sth of April 1684; and was fucceejed in his 
me -by his younger brother Harry, who died in Jan. 
1687. : 

Lord: Brounker had feveral papers inferted in the 
Philofophical Tranfactions, the chief of which were, 
1. Experiments concerning the Recoiling of Guns.— 
z. A Series for the Quadrature of the Hyperbola; 
which was the firtt ferics of the kind upon that {ubject, 
—-3. Several of his letters to archbifhop Uther were 
alfo printed in Uher’s letters; as well as fome to Dr. 
Wallis, in his Commercium Epiftolicum, above men- 
tioned. 

BROWN (Sir Wituram), a noted phyfician and 
mifcellaneous writer, of the 13th century. He was 
fettled originally at Lynn in Norfolk, where he pub- 
lifhed a tranflation of Dr. Gregory’s Elements of Ca- 
toptrics and Dioptrics; to which he added, 1. A Me- 
thod for finding the Foci of all Specula and Lenies 
univerfally ; as alfo Magnifying or Leflening a given 
object by a given Speculum or Lens, in any affigned 
proportion.—z. A Solution of thofe Problems which 
Dr. Gregory has left undemonfirated.—3. A particu. 
lar account of Mierofcopes and Telefcopes, from Mr. 
Huygens; with the difcoveries made by Cutoptrice 
and Dioptrics. 

Having acquired a competence by his prdfeifion, he 
removed to Queen’s Square, Ormond Street, London, 
where he refided rill his death, in 1774, at 82 years 
of age; leaving by his will two prize-medals to be an- 
nually contended for by the Cambridge poets. 

Sir William Brown was a very facetious man; and 
a great number of his lively eflays, both in prove and 
verfe, were printed and circulated. among his friends. 
The aétive part taken by him in the conteft with the 
licentiates, in 1768, oceafioned his being introdu- 
ced by Mr. Foote in his Dewil upon Tre Stichs.— 
Upon Foote’s exact reprefentation of him with his 
identical wig and coat, tall figure, and glafs {tiffly ap- 
plied to his eye, he fent him a card complimenting him 
on having {fo happily reprefented him; but as he 
had forgot his muff, he had fent him his own.— 
This good -natured way of refenting difarmed Foote.— 
He ufed to frequent the annual ball at the ladies board- 
ing-fchool, Queen Square, merely as a neighbour, a 
good-natured man, and fond of thecompany of {prightly 
young folks. A dignitary of the church being there 
one day to fee his daughter dance, and finding this 
ey figure ftationed there, told him he believed he 
was Hermippus redivivus who lived anhelitu puellarum. 
—When he lived at Lynn, a pamphlet was written 
againit him; which he nailed up againit his houfe-door, 
—At the age of 80, on St. Luke’s day 1771, he came 
to Batfon’s coffee-houfe in his laced coat and band, 
and fringed white gloves, to thew himfelf to Mr. 
Crofby, then lord mayor. A gentleman prefent ob- 
ferving that he looked very well, he replied, he had 
neither wife nor debts. 

BULLIALD (Iismatz), an eminent aftronomer 
and mathematician, was born at Laon in the Iile of 
France in 3605. He travelled in his youth, for the 
fake of improvement, and gave very early proofs of 
his aftronomical gentus ; and his riper years rendered 
him beloved andadmired. Riccioli ftyled him, A/ro- 
womus profunde indoginis. He frit publithed his differ- 
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tation intitled, Phiblaus, five de vero Syfemats Mundi 
or his true fyitem of the world, accordigg to Philo- 
laus, an ancient philofopher and aftronomer.>. After- 
ward, in the year 1645, he fet forth his 4frizomia 
Phillaica, grounded upon the hypothefis of the earth’s 
motion, and the elliptical orbit Teferibed by the pla- 
net’s motion about a-cone. To which he added tables 
intitled, Tabule Phillaice: a work which Riccioli 
fays: ought to be attentively read by all fludents of 
aftronomy.—He . cenfidered the hypothefis, or ap- 
preximation of bifhop Ward, and found it net to 
agree with the planet Mars; and fhewed in his defence 
of the Philolaic aftronomy again& the bifhop, that 
from four obfervations made by Tycho on the planet 
Mars, that planet in the firit and third quarters of the 
mean anomaly, was more forward than it ought to be 
according to Ward’s hypothefis; ‘but in the 2d and 
ath quadrant of the fame, the planet was not fo far 
advanced as that hypothefis required. He therefore 
fet about a corretion of the bifhop’s hypothefis, and 
made it te anfwer more exaétly to the orbits of the 
planets, which were moft eccentric, and introduced 
what is called, by Street in his Caroline Tables, the. 
Variation: for thefe tables were calculated from this 
correction of Bulliald’s, and exceeded all in exa@tnefs 
that went before. This correction is, in the judg- 
ment of Dr. Gregory, a very happy one, if it be not 
fet abave -its due place ; and be accounted no more 
than a correétion uf an approximation to the true fyf- 
tem: For by this means we are enabled to gather the 
coequate anomaly a priori and dire&ily from the mean, 
and the obfervations are well enough anfwered at the 
fame time; which, in Mercator?s opinion, no one had 
effeGted before.--Jt is remarkable that the elfipfis 
which he has chofen for a planet’s motion, is fuch a 
one as, if cut out of a cone, will have the axis of the 
cone paffing through one of its foci, viz, that next 
the aphelion. 

In 1657 was publifhed his treatife De Lineis Spira- 
libus, Exerc. Geom. &3 Afton.. Paris, 4to.—In 1682 
came out at Paris, in folio, his large work intitled, 
Opus novum ad Arithmeticam .Infinitorum: A work 
which is a diffufe amplification of Dr. Wallis’s Arith- 
metic of Infinites, and which Wallis treats of parti- 
cularly in the 8cth chapter of his hiftorical treatife of 
Algebra.—He wrote alfo twe Admonitions to Aftrono- 
mers. ‘The firft, concerning a new ftar in the neck 
of the Whale, appearing at fome times, and difap- 
pearing at others. The 2d, concerning a nebulus ftar 
in the northern part of Andromeda’s gisdle, not difco- 
vered by any of the ancients. This ftar alfo appeared 
and difappeared by turns. And as thefe phenomena 
appeared newand furprizing, he ftrongly recommended 
the obferving them to all that might be curious in af 
tronomy. 

BURNING, the a@ion of fire on fome pabulum or 
fuel, by which its minute parts are put into 2 violent 
motion, and feme of them, afluming the nature of fire, 
fly off 77 orbem, while the reft are diflipated in vapour 
or reduced to aihes. 

Burnino-Glajs, or Burxing-Mirror, a machine by 
which the fun’s rays are collected into a, point; and 
by that means their force and effe&t are extremely 
heightened, fo as to burn objetts placed in is. 
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Burning glaffes are of two kinds, convex and concave, 
The convex enes are lenfes, which acting according 
to the laws of refraction, incline the rays of light to- 
wards the axis, and unite them in a point or focus. 
‘The concave ones are mirrors or reflectors, whether 
made of polifhed metal or filvered gla&, and which 
aéting by the laws of :reflection, throw the rays back 
into a point or focus before the glafs. 

The ufe of burning glaffes it appears is very an- 
cient, many ef the old authors relating fome effects of 
them. Diodorus Siculus, Lucian, Dion, Zonaras, 
Galen, Anthemius, Eufatius, ‘Izetzes, and others, 
relate that by means of them Archimedes fet fire to the 
Roman feet at the fiege of Syracufe. Tzetzes is fo 
particular in his account of this matter, that his de-° 
{cription fuggefted to Kircher the method by whieh ir 
was probably accomplithed. That author fays that 
«© Archimedes fet fire to Marcellus’s navy by means of 
a burning glafs compofed of {mall {quare mirrors, 
moving every way upon hinges ; which when placed in . 
the: fun’s rays, diredted them upon the Roman fleet, 
fo as to reduce it to athes at the diftance of a bow- 
fhot.”” And the burning power of reffeftors is men- 
tioned in Euclid’s Optics, theor. 31. Again, Arifto- 
phanes, in his comedy of Fhe Clouds, introduces So- 
crates as examining Strepfiades about a method he had 
difcovered of getting clear of his debts. He replies, 
that, « he thought of making ufe of a burning-glafs 
which he had hitherto ufed in scaling his fire; for 
fhould they bring a writ againft me, I'll immediately 
place my glafs in the fan at fome little diftance from 
x, and (et it on fire.” Pliny and Laétantius have 
alfo fpoken of glafles that burn by refraction. ‘Ihe 
former calls them balls or globes of cryffal or gla/s, 
which being expofed to the fun, tranfmit a heat fuffi- 
cient to fet fire to cloth, or corrode the dead flefh of 
thofe patients who ftand in need of .cauftics ; and the 
latter, after Clemens Alexandrinus, obferves that fice 
may be kindled by interpofing glaffes filled with water 
between the fun and the objeét, fo as to tranfmit the 
rays to it, 

Among the ancients the moft celebrated. burning 
misrors were thofe of Archimedes and Proclus; by - 
the former was burnt the fleet of Marcellus, as above 
mentioned ; and by the latter, the navy of Vitellius, 
befieging- Byzantium, according to Zonaras was burnt 
to afhes. 

Among the moderns, the moft remarkable burning- 
glaffles, are thofe of Magine of z0.inches diameter: 
of Sepatala of Milan, near 42 inches diameter, and 
which burnt at the diffance of 15 feet; of Settala of 
Villette, of Tfchirnhaufen, of Buffon, of Trudaine, 
and of Parker. : - ‘i 

Villette, a French artift at Lyons, made a large 
mirror, which was bought hy Tavernier, and prefent- 
ed to the king of Pruffia; a fecond, bought by the 
king of Denmark ; a third, prefented to the Royal 
Academy by the king of France; and a 4th came to 
England, and was publicly fhewn. This mirror is 47 
inches wide, being a fegment of a {phere of 76 inches 
radius 5 fo that its focus is about 38 inches from the 
vertex ; and its fubftance is a compofition of tin, cop- 
per, and tin-glafs, Some of its. effects were as fol. 
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, fec. refledting their rays all to one point, and with which 
‘A filver fixpence melted in - - 74 he could melt lead and tin at the diftance of 140 feet; 
‘A George the 1f’s halfpenny in ~ - 16 and with others he confumed fubftances at the diftance 

and runs with a hole in - - 34 of 210 feet. See. Phil. Tranf. vol. 445 or Buffon's 
Tin melts in - - - - 3 Hiftoire Naturelle, Suppl. vol. 15 or Montuela’s Hif- 
Catt iron in - . 3 - 16‘ toire des Math. vol. i. pa. 246. 
Slate in - - - - 3 It would feem there is no fubftance capable of refitt- 


A foffil thell calcines in - roe - 7 
Piece of Pompey’s pillar vitrifies, the black part in 50 
the white part in 54 
Copper ore in - - - 8 
Bone calcines in 4, and vitrifies in - 33 
‘Anemerald melts into a fubftance like a torquois ftone 5 
a diamond weighing 4 grains lofes of it weight: the 
albeftos vitrifies; as all other bodies will do if keptlong 
enough in the focus ; but when once vitrified, the mir- 
ror can go no farther with them. Phil. Tranf. vol. iv. 
a. 198. 
Tichirthaufen’s refleéting mirrors produced equally 
” farprizing effedts; as they may be feen defcribed in 
the Aa Brodit. for 1687, pa. 52. And other per- 
fons have made very good ones of wood, ftraw, papers 
ice, and other fubflances capable of taking a. proper 
form and polifi.. 

Every lens, whether convex, plano-convex, or con- 
vexo-convex, collests the fun’s rays, difperfed over its 
convexity, into a point by refraction 5. and it is there- 
fore a burning-glafs. The molt confiderable of this 
kind is that made by Tfchirnhaufen, and defcribed in 
the fame Adta Erudit. The diameters of his. lenfes 
are from 3 to 4 feet, having the focus at the diflance of 
12 feet, and its diameters an inch and a half. Tomake 
the focus more vivid, the rays are cdlleéted a fecond 
time, by a fecond lens parallel to the firft, and placed 
at ach a diftance that the diameter of the cone of rays 
formed by the firft lens is equal to the diameter of the 
fecond ; fo that it receives them all; and the focus is 

sseduced from an inch and.a half to half the quantity, 
and confequently its force is quadrupled: ‘This glafs 
vitrifies tiles, flates, pumice ftones &c, in a moment. 
It melts fulphur, pitch, and all rofins, under water; 
the athes: of vegetables, woods and other matters, are 
tranfmated into glafs ; and every thing applied to its 
focus is either melted, changed into a calx, or inte 
fames. The author obferves that it fucceeds beft when 
the matter applied is laid on a-hard charcoal well burnt. 
~—But though the force of the folar rays be thus found 
fo farprizing, yet the rays of the fall moon, collected 
by the fame burning-glafs, do not hew the leaft increafe 
of heat. ed 
Sir Ifaac NewtoA ‘prefented a burning-glafs to the 
Royal Society, coniifling of 7 concave glaffes, fo 
placed that all their foci join in one-phyfical point. 
Fach glafs is about 11} inches diameter: fix of them 
are placed contiguous to, and round the feventh, form- 
ing a kind’ of spherical fegment, whofe fubstenfe is 
about 342 inches: the common focus is about 22% 
inches diffant} and about an inchin diameter. This 
giafs vitrifies brick or tile in 1 fecond, and melts gold 
in 30 feconds. 

M.Buffonalfomadea variety of very powerful burning- 

Jaffes. both as mirrors and as lenfes ; but at length con- 
cluded with one which is probably of the fame nature 
with @hat ef Archimedes, and coniifted of 400 mirrors 

= : 


ing the efficacy of modern burning-glaffes; though water 
&e, are not affected by them at all. Thos, Mefirs 
Macquer and Baumé have fucceeded in melting {mall 
portions of platina by means of a concave gials, 22 
inches diameter, and 28 inches focus; though this 
metal is not fufible by the ftrongeft fires that can be 
excited in furnaces, or faftained by any chemical appa- 
ratus. Yet it was long fince obferved, by the Acade- 
micians del Cimento, that fpirit of wine could not be 
fired by any burning-glafs which they. ufed ; and not- 
withftanding the great improvements thefe inftruments 
have fince received, M. Nollet has not been able, by 
the mott powerful burning mirrors, to fet fire to any 
inflammable liquors whatever. 

However, a large burning lens, for fufing and vitri- 
fying fuch fubftances as refilt the fires of furnaces, and 
efpecially for the application of heat in vacuo, and in 
certain other circumftances in which heat cannot be 
applied by other means, has long been a defideratum 
with perfons concerned in philofophical experiments: 
and this it appears is now in a great meafure accom- 
plifhed by Mr, Parker, an ingenious glafs manaufac- 
turer in Fleet-ftreet, London. His Jens is made of 
flint glafs, and is 3 feet in diameter, but when fixed in 
its frame expofesa furface of 32 inches in the clear 5 the 
length of the focus is 6 feet 3 inches, and its diameter 
one inch. The rays f.om this large lens are received 
and tranfmitted through a fmaller, of 13 inches dia- 
meter in the clear within the frame, its focal length 29 
inches, and diameter of its focus 3-8ths of an inch 
fo that this fecond lens increafes the power of the for- 
mer more than 7 times, or as the fquare of 8 to the 
fquare of 3. - 

From a great number of experiments made with this 
lens, the following are fele&ted to ferve as {pecimens of 
its powers: 


Subftances fufed; with their. weight and ; 
time of fafion. hie Weight 


in fec.] in gre 









Scoria of wrought iron - - - 2412 
Common flate - - - 2] 10 
Silver, pure - - - 2 3 | 20 
Platina, pure - - « = 3 | 10 
Nickell - - eS - 3 | 16 
Caft Iron, a cube > & - - 3 | 10 
Kearfh - - - - - 3] 10 
Gold, pure - -. = 4} 20 
Cryftal pebble - « = 6 4 
Cank, or terra ponderofa - - = 7110 
Lava - - - - 7 {| 10 
Afbeftos - - S ws 10 | 10 
Bar iron, a cube ~ - S 12 | 10 
Steel, a cube * - 3 12 | 10 
Garnet - - 6 17 | 10 
Copper, pure - - Bs is 20 | 33 
Onyx . + * : - | 20] 10 
eolites 


- 


BUR [. 


SUBSTANCES FUSED, &c.”* 





infec:in grs_ 
Zeolites - - is e 23210 
Pamice Stone - - - = 24 | 10 
Oriental Emerald - - - agi 2 
Jafper - - - - 23 1 10 
White Agate - - - < 30 | 10 
Flint, oriental - - - 30 | 16 
Topaz, or chryfolite’ - - a 4s} 3 
Common Limeftone.. - - . 55 | 10 
White rhomboidal Spar ~ - - 60 | 10 
Volcanic Clay = - Fi 60 | 10 
Cornifh Moorftone =~ - - 60 | 10 
Rough Cornelian - - - 75 | 10 
Rotten Stone - oo = S 801 10 


BurnwinG Zone, or Torrid Zone, the {pace within 
231 degrees of the equator, both north and fouth. 
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Cr (Nicaonas Lewis pe La), an eminent 


French mathematician and aftronomer, was born at_ 


Rumigny in the diocefe of Rheims in 1713. His fa- 
ther having quitted the army, in which he had ferved, 


amofed himfelf in his retirement with Radying mathe-' 


matics and mechanics, in which he proved the happy 
author of feveral inventions of confiderable ufe to the 
public, From this example of his father, our author 
almott in his infancy took a fancy to mechanics, which 
proved of fignal fervice to him im his maturer years. 
At {chool he difcovered early tokens of genius. He 
next came to Paris in 17293 where he ftudied the claf- 
fics, philofophy and mathematics. He afterwards ftu- 
died divinity im the college de Navarre, with the view 
of embracing the ecclefiaftical life: however he never 
entered into prieft’s ordefs, apprehending that his aftro- 
nomical ftudies, to which he had become much devoted, 
might too much interfere with his religious duties. 
His turn for aftronomy foon conneéted him with the 
celebrated Caffini, who procured him an apartment in 
the obfervatory ; where, affifted by the counfels ‘of this 


matter, he foon acquired a name among the aftrono- - 


mers. In 173g he was joined with M. Caffini de Thury, 
fon to M. Caffini, in verifying the meridian through 
the whole extent of France: and in the fame year he 
was named profeffor of mathematics in the college of 
Mazarine. 
Academy of Sciences as an adjoint member for aftro- 
nomy ; and had many excellent papers inferted in their 
memoirs; befide which he publifhed feveral ufefal trea- 
tifes, viz, Elements of Geometry, Aiftronomy, Me- 
chanics, and Optics. He alfo carefully computed all 
she eclipfes of the fun and moon that bad happened 
Vout, 


“TANT, 


In 1741 our author was admitted into the - 








BUSHEL,. a méafure of capacity for dry goods; 
as grain, pulfe, fruits, &c; containing 4.pecks, or 8- 
gallons, or § of a quarter. By aét of parliament, made . 
in 1697, it was ordained that « Every round buthel 
with a plain and even bottom, being made 187 inehes. 
wide throughout, and.8 inches deep, ‘fhall be efteeméd < 


- a Legal Winchefter Buthel, according to the flandard 


in his majefty’s exchequer.” Now a bushel being thus 
made will contain 2150-42 cubic inches, and gonfe- 
quently the corn gallon contains only 2684 cubic inches. 

BUTMENTS, are thofe fupporters, or props, by 
which the feet of arches, or the extremities of bridges 
are fupported ; and fhould be made very trong and firm, 

BUTTRESS, is an arch, or a mafs of mafonry, 
ferving to fupport the fides of a building, wall, or the 
like, on the outfide. See Arce, and Ancu-sov- 
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fince the chriftian era, which were priated in the worle 
entitled drt de verifier les dates, &c, Paris, 1750, iw 
4to. He alfo compiled a volume of aftronomical ephe~ 
merides for the years 1745 to 17553 another for the 
years 1755 to1765 ; and a third for the years 1765 to 
1775: as alfo the moft correét folar tables of any; and 
an excellent work entitled 4fronomia fundamenta novif 
Simis folis 8 flellarum obfervationibus fabiliia. 

Having gone through a feven years feries of aftree 
nomical obfervations in his own obfervatory in the 
Mazarine college, he formed the project of going to 
obferve the fouthern ftars at the Cape of Good Hopes 
being countenanced by the court, he fet out upon 


_this expedition in 1750, and in the fpace of twa 


years he obferved there the places of about 10 thoue 
fand ftars in the fouthern hemiiphere that are not 
vifible in our latitudes, as- well as many other ime 
portant elements, viz, the parallaxes of the fun, moon, 
and fome of the planets, the obliquity of the ecliptic, 
the refraftions, &c. Having thus executed the purpofe 
of his voyage, and no prejent opportunity offering for © 
his return, he thought of employing the vatant time in 
another arduous atrempt; no lefs than that of taking 
the meafure of the earth, as he had already done that 
of the heavens. ‘This indeed had been done before by. 
different fets of learned men both in Kurope and Ame- 
rica ; fome determining the quantity of a degree at the 
equator, and others at the arétic circle : but it had not 
as yet been decided whether in the fouthern parallels of 
latitade the fame dimenfions obtained as in the north. 
em. His labours were rewarded with the fatisfac- 
tion he withed for; having determined a difiance of 
410814 feet from a place called A/ip.Fontyn to the 
Hh Cape, 





Cape, by means of a bale of 38802 feét, three times 
~adually meafured: whence he difcovered a new fecret 
of nature, namely, that the radii of the parallels in 
- fouth latitade. are not the fame length as thofe of the 
correfponding parallels in north latitude, About the 
23d degree of fouth latitude he found a degree on 
‘the meridian to contain 342222 Paris feet. The court 
of Verfailles alfo fent him an order to go and fix the 
fituationsof the [Mes of France and of . Bourbon. 
‘While at the Cape too he obferved a wonderful effect 
of the atmofphere in fome ftates of it: Although the 
fky at the Cape be generally pare and ferene, yet when 
the foutheaft wind blows, which is pretty often, it is 
attended with fome ftrange and even terrible effects: 
the ftars look jarger, and feem to dance; the moon has 
an undulating tremor; and the planets have a fort of 
beard like comets. *. : : 

M. de la Caille returned to France in the antumn of 
17545 after an abfence-of about 4 years; loaded, not 
with the fpoils of the eaft, bat with thofe of the fouth- 
ern heavens, before then almoft anknown to aitrono- 
mers. Upon his return, he firft drew up a reply tofome 
ftri€tures which the celebrated Euler had publithed ré- 
lative to the meridian: after which he fettled the refults 
of the comparifon of his obfervations for the parallaxes, 
with thofe of other aftronomers: that of the fun: he 
fixed at 92”; of the moon at 56’ 56”; of Marsin his op- 

ofition, 36”; of Venus 38”. He alfo fettled the 
laws by which aitronomical refractions are varied by 
the different denfity or rarity of the ait, by heat or 
cold, and by drynefs or moifture. And laftly he fhewed 
ah eafy and practicable method of finding the longitude 
at fea by means of the moon, His fame being now 
celebrated every where, M, dela Caille was foon elected 
a member of moit of the academies and focieties of 
Europe, as London, Bologna, Peteriburgh, Berlin, 
Stockholm, and Gottingen. 

In 1760 our author was attacked with a fevere fit of 
the gout ; which however did not interrupt the courfe of 
his ftudies; for he then planned out a new and large 
work, no lef than a hittory of aftronomy through alt 
agen, with a comparifon of the ancient and modern 
obfervations, and the conftruétion and ufe of the in- 
ftruments employed in makingthem. Towards the lat- 
ter part of 1761, his conftitution became greatly re- 
duced; though his mind remained anaffetted, and he 
refolutely perfifted in his ftudies to the laft; death only 
putting an end to his labours the 21ft of March 1762, 
at 49 years of age; after having committed his manu- 
feripts to the care and difcretion of his efteemed friend 
M. Maraldi. - 

Befide the’ publications before mentioned, and per- 

haps fome others allo, he had a vaft number inferted in 
the volumes of the Memoirs of the French Academy 
’ of Sciences, much too numerous indeed, though very 
important, to be here all mentioned particularly ; fuffice 
it therefore juft to difinguifh~the years of .thofe 
volumes in which his pieces are to be found, by the fol- 
lowing Ht of them, viz, 1741, 1742, 1743. 1744) 
1745s 4746, 17472 1748s 1749, 1750» 1751, 1752» 
1753+ 1754) 1755+ 17595 1757» 1758, 1759s #700, 
1761, 17635 in all or moft of which years there are 
so or three or more of his p: pers. : 

CAISSON, in ArchiteGure, a kind of cheft or flat- 


of 334.3 


cAL 


bottomed boat, “in-which the pier of a bridge is built, 
then funk te-the bottom of the water, and the fides 
loofened and ‘taken off from the bottom, by a contri- 
vance for that purpofe; the bottom of the caiffon be- 
jng. left'under the pier as a foundation to it. The caif- 
fon is kept afloat till the pier is built to above the height 

_ of low-water mark ; and for that purpofe, its fides are 
either made of.more than that height at firit, or elfe 
gradually raifed to ic as it finks by the weight ‘of the 
work, fo as always to keep-its top above water. Mir, 
Labelye tells*us, that the caiffons in which be built 
fome of the piers of Weftminfter bridge, contained 
above’ 150 load of fir timber, of 40 cubic feet each, 
and that‘ it was of more tonnage or capacity than a 
40 gun thip of war. Be : 

Carsson, in Military Affairs, is fometimes ufed for 
acheft; and in particular for a bomb og fhell chef, ard 
is-ufed as a fuperficial mine, or fourneau. Thisis doar 
_by filling a. cheft either with gunpowder and loaded 
fhells, or elfe with hells alone, and burying it ina fpo: 
where an enemy, befieging a place, is expected to come. 

« and then-firing it by a train to blow the men up. 

CALCULATION, the a& of computing feveral 
fums, by adding, fabtracting, multiplying, dividing, 
&c. From calculus, in altufion to the practice of 
-the ancients, who ufed calculi, or little ftones, in 

.making computations, in taking. fuffrages, and in 
keeping accounts, &c; as we now ufe counters, figures, 
&e, Calculation is more particularly ufed to fignify 
the computations in aftronomy, trigonometry, &c, for 
making tables of aftronomy, of logarithms, epheme-~ 
rides, finding the times of eclipfes, and fuch like. 

CALCULATOR, a perfon whe makes or performs 
calculations.—It is alfo the name given by Mr. Fergu- 
fon to a machine in the fhape of am orrery, which he 
conftructed for exhibiting the motions of the earth and 
moon, and refolving a variety of aftronomical problems, 
See his Aftron. 4to pa. 265, or 8vo pa, 393. 

CALCULATORES, were anciently accountants 
who reckoned their fums hy ca/cu/i, or little flones, or 
counters.—In ancient canons too we find a fort of di- 
viners or enchanters, cenfured under the denomination 
of calculateres. 

CALCULUS denotes primarily a fmall ftone, peb- 
ble, or counter, ufed by the ancients in making calcula- 
tions or computations, taking of faffrages,. playing az 
tables, and the like. 

Catcunus denotes now a certain way of perform- 
ing mathematical inveftigations and refolutions, Thus; 
we fay the Arithmetical or Numeral Calculus, the Al- 
gebraical Calculus, the Differential Calculus, the Exe 
ponential Calculus, the Fluxional Calculus, the Integral 
Calculus, the Literal or Symbolical Calculus, &c; for 
which, fee each refpective word. 

Arithmetical or Numeral Catcurus, is the method 
of performing arithmetical computations by numbers, 
See AnrTHMETIC, and Number. 

Algebraical, Literal, ox Symbolical Caucutus, is the 
method of perfcrming:algebraical calculations. by let- 

‘ters or other fyimbols. See Atcesra. 

Differential CaLcuLvs, is the arithmetic of the ine 
definitely {mall differences of variable quantities; a 
mode of computation much ufed by foreign mathema- 
ticians, and introduced by Leibnitg, as fimilar to the 

method 
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method of Fluxions of Newton. 
&c. 

Exponential Caucus, isthe applying the fluxional 
or differential methodgto exponential quantities; fuch 


See Dirrer ENTIAL 


x xe = 
asa, orx , oray , &c. See ExPonenriat. 
Flucional CaLCULUS, is the method of fluxions, in- 


vented by Newton. See FLuxions. 
dategral Ca.cunus, or Sunmatorins, isa method of 


integrating, or famming up differential quantities; and” 


is fimilar to the finding of fluents, See InrecraL 
and FLugrnr. i 4 

.Cancurus Literals, or Literal Calculus,is the fame 
with algebra, or {pecious arithmetic, fo called from its 
ufing the letters of the alphabet; in contradiftin&tion 
to numeral arithmetic, in which figures are ufed. 

CALENDAR, or KaLenvar, a diliribution of 
time as accommodated to the ufes of life; or an Alma- 
nac, or table, containing the order of days, weeks, 
months, feafts, &c, occurring in the courfe of the year: 
being fo called from the word Calerde, which among 
the Romans denoted the firft days of every month, and 
anciently was written in large charaéters at the head of 
each month. See Aumanac, Carenps, Mont, 
Time, Year, &c, 

In Calendars the days were originally divided into 
oétoades, or eights; but afterwards, in imitation of the 
Jews, they were divided into hebdomades, or fevens, 
for what we now call a week: which cuitom, Scaliger 
obferves, was not in ufe among the Romans till after the 
time of Theodofus. 

Divers calendars are eftablithed in different countries, 
according to the different forms of the year, and diitri- 
butions of time: As the Perfian, the Roman, the Jewith, 
the Julian, the Gregorian, &c, calendars. —The ancient 
Roman Calendar is given by Ricciolus, Struvius, Danet, 
and others; in which we perceive the order and num- 
ber of the Roman holy-days and work-days.— Lhe 
Jewith calendar was fixed by Rabbi Hillel, about the 
year 360; from which time the days of their year may 
be reduced ;9 thofe of the Julian calendar.—The three 
Chriftian calendars are given by Wolfius in his Elements 
of Chronology; as alfo the Jewifh and Mohamedan 
calendars, Other writers on the calendars are Vieta, 
Clavius, Scaliger, Blondel, &c. 

The Roman Cacenvar was firft formed by Romu- 
lus, who diftributed time into feveral periods for the ufe 
ofhis followers and people. He divided the year into 
10 months, of 304 days; beginning on the firft of 
March, and ending with December. 

Numa reformed the calendar of Romulus. He 
added the months of January and February, making it 
to commence on the frit of January, and to confit of 
355 days. But as this was evidently deficient of the 
true year, he ordered an intercalation of 45 days to be 
made every 4 years, in this manner, viz, Every 2 years 
an additional month of 22 days, between February and 
March; and at the end of each two years more, ano- 
ther month of 23 days; the month thus interpofed, 
being called Marcedonius, or the intercalary February. 

Julius Cxfar, with the aid of Sofigenes, a celebrated 
aftronomer of thofe times, farther reformed the Ro- 
man calendar, from whence arofe the Julian calendar, 
and the Julian or old ityle. Finding that the fun per» 
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formed his annual. courfe. in 365. days and a quarter 
nearly, he divided the year into 365 days, butevery 4th 
year 366 days, adding a day that year before the 24th 
of February, which being the 6th of the calends, and 
being thus reckoned twice, gave cccafion to the name 
bifextile, or what we alfo call leap-year. 

This calendar was farther refurmed.by order of the 
pope Gregory XIII, from whence arofe the term Gre- 

orian calendar and ftyle, or what we alfo call the new 

yle, which is now obferved by almoft all Europzan na- 
tions. The year of Julius was too long by nearly 11 
minutes, which amounts to about 3 days in 400 years; 
the pope therefore, by the advice of Clavius and Ciaco- 
nius, ordained that there fhould be omitted a day in 
every 3 centuries out of 45 fo that every century, 
which would otherwife be a biffextile year, is made to be 
only a common year, excepting only fuch ‘centuries as 
are exaétly divifible by 4, which happens once in 4 cen- 
turies. See BissexTine. This reformation of the ca- 
lendar, or the new ftyle, as we call it, commenced in the 
countries under the popith influence, on the 4th of Oc- 
tober 1582, when 10 days were omitted at once, which 
had been.over-run fince the time of the council of Nice, 
in the year 325, by the furplus of 11 minutes each 
year. But in England it only commenced in 1752, 
when 11 days were omitted at once, the 3d of Sep- 
tember being accounted the 14th that year; as the fur- 
plus minutes had then amounted to 11 days. 

Julian Chriftian Cavenvar, is that in which the 
days of the week are determined by the letters A, B, 
C, D, E, F, G, by means of the folar cycle; and the 
new and full moons, particularly the pafchat full moon, 
with the feait of Eafter, and the other moveable feafts 
depending upon it, by means of golden numbers, orlunar 
cycles, rightly difpofed through the Jalian year, See 
Cyc, and Gounen Number. 

In this calendar, it is fuppofed that the vernal equi- 
nox is fixed to the z1ftday of March; and that the 
golden numbers, or cycles of 19 years, conftantly indi- 
Cate the places of the new and full moons; though 
both are erroneous; and from hence arofe a great ire 


» regularity in the time of Eafter. 


Gregorian CaLenDar, is that which, by means of 
Epaéts, rightly difpofed through the jeveral montifs, * 
determines the new and full moons, with the time’ of 
Eaiter, and the moveable feafts depending upon it, in 
the Gregorian year, ‘This differs therefore from the 
Julian calendar, both in the form of the. year, and in: 
as much as epaéts are fubftituted infead-of golden ™ 
numbers. See Epact. : ay eh at 

Though the Gregorian calendar be more accorate 
than the Julian, yet it is not without imperfections, 
as Scaliger and Calvifius have fully theyn; nor is it 
perhaps poffible to devife any one that fhall be quite 
perfect. - Yet the Reformed Calendar, and that which 
is ordered to be obferved in England, by at of Parliz- 
ment _made the 24th of George II, come very near to 
the point of accuracy: For, by that ad it is ordered 
that “ Eafter-day, on which the reft depend, is always 
the firft Sunday after the full moon; which happens 
npon, or next after the 21ft day of March; and if tte 
foll-moon happens upon a Sunday, Eafter-day is the 
Sunday after.” ; 

Reformed, or Correéed, 

Hh2z 


CaLenvar is that which, 
rejedting 
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_ Feje@ing all the apparatus of golden numbers, epacs, 


and dorinical letters, determines the equinox, and the - 


patchal full moon, with the moveable feafts depending 
upon it, by computation from aftronomical tables. 
This ca'endar was introduced among the proteftiat 
flates of Germany in the year 1700, when 11 days 
were omitted in the month of February, to make the 
correéted ftyle agree with the Gregorian, This altera- 
tion in the form of the year, they admitted for a time 5 
in expectation that, the true quantity of the tropical 
year being at length more accurately determined by 
obfervation, the Romanifts would agree with them on 
fome more convenient intercalation. . 

French New CALENDAR, is a quite new form of ca+ 
lendar that commenced in France on the 22d of Sep- 
tember i792. At the time of printing this (viz, in 
July 1794), it does not certainly appear whether 
this new calendar will be made permanent or not; bat 
merely as a curiofity in the fcience of chronology, 
avery brief notice of it may here be added, as fol- 
lows.- 

The year, in this calendar, commences at midnight 
the beginning of that day in which falls the true au- 
tumnal equinox for the obfervatory of Paris. The year 
is divided into 12 equal months, of 30 days each; 
after which 5 fupplementary days are added, to com- 
plete the 365 days of the ordinary year: thefe ¢ days 
do not belong to any month. Each month is divided 
into three decades of 10 days each; diftinguifhed by 1ft, 
2d,and 3d decade, All thefe are named according to 
the order of the natura! numbers, viz, the 1ft, 2d, 3d, 
&c, month, or day of the decade, or of the fupplemen- 
tary days. ‘The years which receive an intercalary day, 
when the pofition of the equinox requires it, which we 
all embolifmic or biffextile, they call olimpic; and the 
period of four years, ending with an olimpic year, is 
called an olimpiade; the intercalary day being placed 
after the ordinary five fupplementary days, and making 
the laft day of the olimpic year. Eaca day, from mid- 
wight to midnight, is divided into 10 parts, each part 
into 10 others, and fo onto the laft ineafurable portion 
of time. 

¢ An this calendar too the months and days of them 
“rive new names. The firft three months of the year, 
of which the autumn is compofed, take their etymo- 
Jogy, the firft from the vintage which takes place from 
September to Oftober, and is called cendemaire ; the 
fecond, érumaire, from the mitts and fow fogs, which 
fhew as it were the tranfudation of nature frem Oc- 
, tober to November: the third, /rimaire, from the cold, 
fometimes dry and fometimes moift, which is felt from 
November to December. The three winter months 
take their etymology, the firit, sivof, from the fnow 
which whiténs the earth from December to January; 
the fecond, pla vief, from the rains which ulually fall 
in greater abundance from January to February; the 
third, v-xto/, from the wind which dries the earth 
from February to March. The three fpring months 
take their etymology, the firft, germinal, fromthe fer- 


mentation and developement of the fap from March to 


April; the fecond, forcal, from the blowing of the 
flowers from April to May: the third, prairial, from 
the fmiling fecandity of the meadow crops from May 
so June, Laftly, the three fammer months take their 
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etymology, the firft, mefidor, from the appearance of 
the waving ears of cori and the golden harvefts which 
cover the fields from June to July; the fecond, zhermi- 
dor, from the heat, atonce folar and terreftrial, which 
inflames the air from July to Auguft; the third, fruce 
tidor, from the fruits gilt and ripened by the fun from 


Auguftta September. Thus, the whole 12 months are, 

Autumn. Spring. 

Vendemaire Germinal 

Bramaire Floreal 

Frimaire. Prairial, 
Winter. SuMMER. 

Nivofe Mefidor 

Plaviofe Thermidor 

Ventofe. Fruétider. 


‘ 

From thefe denominations it follows, that by the 
mere pronunciation of the name of the month, every 
one readily perceives three things and all their relations, 
viz, the kind of feafon, the temperature, and the ftate 
of vegetation: for inftance, in the word germinal, his 
imagination will eafily conceive, by the termination of 
the word, that the {pring commences ; by the conftruc- 
tion of the word, that che elementary agents are bu- 
fied; and by the fignification of the word, that the 
buds unfold themfelves. 

As to the names of the days of the week, or decade 
of 10 days each, which they have adopted inftead of 
feven, as thefe bear the ftamp of judicial aftrology and 
heathen mythology, they are fimply called from the 
firft ten numbers; thus, 


Primidi Sextidi 
rath alte 
Sridi tidi 
Quartidi Nonidi 
Quintidi Decadi. 


In the almanac, or annual calendar, inftead of the 
multitude of faints, one for each day in the year, asin 
the popith calendars, they annex to every day the name 
of fome animal, or utenfil, or work, or fruit, or flower, 
or vegetable, é&c, appropriate and moft proper to the 
times. 

Afronomical CALENDAR, an inftrument engraven 
upon copper-plates, printed on paper, and paited on 
board, with a brafs flider which carries a hair, and 
fhews by infpection, the fun’s meridian, altitude, right 
afcenfion, declination, rifing, fetting, amplitude, &c, 
to a greater exaétnefs than can be. fhewn by the com- 
mon globes. 

CALENDS, Calendz, in the Roman Chronology, 
denoted the firft days of each months being fo named 
from xadsw, calo, I call, or proclaim ; becaute that, be. 
fore the publication of the Roman Fafi, and counting 
their months by the motion of the moon, a prieft was 
appointed to obferve the firft appearance of the new 
moon; who, having feen her, gave notice to the preft- 
dent of the facrifices to offer one; and calling the 
people together, he proclaimed unto them how they 
fhould reckon the days until the nones; pronouncing 
the word Ca/eo 5 times if the nones fhould happen on. 
the 5th day, or feven times if they happened on the 
7th day of the month. 

‘The calends were reckoned backwards, or in 2 re- 


trograde 
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trograde order: thus, for example, the firft of May 
Being the calends of May; tne laft or goth day of 
April, was the pridie calendarum, or 2d of the calends 
of May; the 2th of April, the 3d of the calends, or 
before the calends: and fo back to the 13th, where the 
ides commence; which are likewife numbered back- 
wards to the 5th, where the nones begin; which are 
alfo reckoned after the fame manner to the firft day of 
the month, which is the calends of April. 

Hence comes this rule to find the day of the calends 
an{wering to any day of the month, viz, Confider how 
many days of the month are yct remaining after the day 
propofed, and to that number add 2, for the namber 
of or from the calends, For example, fuppofe it were 
the 23d day of Apiil, it would then be the oth of the 
calends of May: for April containing 30 days, from 
which 23 being taken, there remains 7; to which z 
being added, makes the fumg. And the reafon for 
this addition of the conitant number 2, is becaufe the 
lait day of the mouth is called the 2d of the calends of 
the month following. 

CALIBER, or Cauirer, is the thicknefs or dia- 
meter of a round body, particalarly the bore or width 
ofa piece of ordnance, or that of. its ball. 

Caisse Compoffs, or Cans Per Compafés, or fim- 
ple Canipers, a fort of Compaffes made with bowed 
or arched legs, the better to take the diameter of any 
round body; as the diameters of balls, or the bores of 

uns 3 or the diameter, and evén the length of cakks, 
and fuch like, The bei fort of calipers ufually con- 
tain the following articles, viz, ift, the meafure of con- 
vex diameters in inches &c; 2d, of concave diame- 
ters: 3d, the weight of iron fhot of given diameters 5 
4th, the weight of ivon thot for given gun bores; 5th, 
the degrees of a femicircle; 6th, the proportion of 
troy and averdupois weight; 7h, the proportion of 
Englith and French feet and pounds weight ; 8th, fac- 
tors ufed in circular and fpherical figures; 9th; ta- 
bles of the fpecific gravities and weights of bodies; 
roth, tables of the quantity of powder neceffary for 
the proof and fervice of brafs and iron guns; 11th, 
rules for computing the number of fhot or thells in a 
complete pile; 12th, rules for the fall or defcent of 
heavy bodies; 13th, rales for the raifing of waters 
4th, rules for firing artillery and mortars; 15th, a 
line of inches; 6th, logarithmic fcales of numbers, 
fines, verfed fines, and tangents; 17th, a feétoral line 
of equal parts, or the line of lines; 18th, a fectoral 
line of planes and fuperficies ; and 19th, a feétoral line 
of folids. 

Cauippic, Period, ia Chronology, a period of 76 
years, continually recurring 3 at every repetition of 
which, it was fuppofed, by its inventor Calippus, an 
Athenian aftronomer, that the mean new and full moons 
would always return to the fame day and hour. 

About a century before, the golden number or cycle 
of 19 years, had been invented by Meton, which Ca- 
lippus finding to contain 19 of Nabonaffar's year, 4 
days and 334, to avoid fra€tions he quadrupled it, and 
fo produced his period of 76 years, or 4 times 193 
after which he fuppofed ail the lunations &¢ would re- 
gularly return to the lame hour. But neither is this 
exad, as it brings them tuo Jate by a whole day in 
225 yearse 


[ 237 J] 


"CAM 


CAMBER-Beam, 2 piece of timber cut arch-wife, 
or with :n obtefe angle in the middle. They are coms 
monly ufed in platforms, as for church- roofs, and other 
occafions where long timbers are wanted to lie ata 
fmall flope. A camber beam is much ftronger than 
another of the fame dimenfions; for being laid with 
the hollow fide downwards, and having good butments 
at the ends, they ferve for a kind of arch. 

CAMELEON, one of the conftellations of the 
fouthern hemifphere, near the South. pole, and invifible 
in our latitude. There are ten ftars marked in this 
conftellation in Sharpe’s catalogue, 

CAMELOPARDALUS, ‘a new conftellation of 
the northern hemifphere, formed by Hevelius, confift- 
ing of 32 ftars firftobferved by him. It is firmated he~ 
tween Cepheus, Cafiopeia, Perfeus, the Two Bears, 
and Draco; and it contains 58 ftars in the Britith cata- 
logue. 

CAMERA VEolia, a name given by Kircher to a 
contrivance for blowing the fire, for the fufion of ores, 
without bellows. This is effected by means of water 
falling through a funnel into a ciofe veffel, which fends 
from it fo mach air or vapour, as continually blows the 
fire. See Hook’s Philof, Coll. n° 3, pa. 80. 

Camara Lucida, a contrivance of Dr. Hook to 
make the image of any thing appear ona wall in a 
light room, either by day or night. See Philof. Tranf, 
n° 38, pa. 741. : 

Camera, Obfura, or Dark Chamber, an optical ma- 
chine or apparatus, reprefenting an artificial eye, by 
which the images of external objects, received through 
a double convex glafs, are fhewn diftin¢tly, and in their 
native colours, on a white ground placed within the ma~ 
chine, in the focus of the glafs. The firit invention of 
the camera obfcura is afcribed to John Baptitta Porta, 
See his Magia Naturalis, lb. 17, cap. 6, where he largely 
Gefcribes the effects of it. See alio the end of s’Grave+ 
fande’s Perfpective, and other optical writcrs, for the 
conftru€tion and ufes of various forts of camera ob« 
feuras. 

This machine ferves for many ufeful and entertaining 
purpofes. For example, it is very ufeful in explaining 
the natvre of vifion, reprefenting a kind of artificial 
eye: it exhibits very diverting fights or fpeétacles 5 
fhewing images perfectly like their objects, clothed im 
their natutal colours, but more intenfe and vivid, and at 
the fame time accompanied with all their motions; am 
advantage which no art can imitate: and by this inftrae 
ment, a perfon unacquainted with painting, or draw 
ing, may delineate objets with the greateft accuracy 
of drawing or colouring. 
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Theory of the Camera Obfeuras 
: principle 


« 
CAM 
principle of this inftrument may be thus explained. If ° 
any objeét AB radiate through a {mall aperture L, upon 
a white ground oppofite to jt, within a darkened room, 
orbox, &; the image of the objec will be painted 
on that ground in an inverted fituation. For, by tke 
fmalinefs of the aperture, the rays from the obje& will ~ 
erofs each other there, the image of the point A being - 
ata, and that of Bat 4; fo that the whole obje& AB 
will appear inverted, as at ad. And as the corref- 
ponding rays make equal angles on both fides of the 
aperture, if the ground be parallel to the object, their 
heights will be to each other dire@tly as their diflances 
from the aperture, . . ‘ 
Confirudlion of a Camera Obfeura, by which the 
images of external abjects fhall be reprefented diftinly, 
and in their genuine colours, ft, Darken'a chamber 
that has one of its windows looking towards a place 
containing various abjeéts to be viewed ; leaving only 
a {mall aperture open in one (hutter. 2d, in this aper- 
"ture fit a proper lens, either plano-coavex, or convex 
‘on both fides; the convexity forming a fmall portion 
ofa large fphere. But note, that if the aperture be 
made very {mail, as of the fize ofa pea, the objects will 
osbe reprefented even without any lens at all, 3d, Ata 
proper diftance to he determined by trials, ftretch a pa~ 
_ per or white cloth, unlefs there bea white wall at that 
‘diftance to receive the images of the obje&ts: or the, 
beft way is to have fome plaifter of Paris caft on a con- 
vex mould, fo as to form a fmooth concave furface, and 
ofa curvature and fize adapted to the lens, to be placed 
occafionally at the proper diitance, 4th, If it be ra- . 
ther defied to have the objeéts appear erctt, inftead of 
inverted, this may be done either by placing a concave 
Jens between the centre and the focus of the firft lens 5 
or by refleéting the image from a plane fpeculum in- 
clined to the horizon in an angle of 45 degrees ; or by 
having two lenfes included in a draw-tube, inftead of 
one. , 
"Phat the images be clear and diftiné, it is neceflary 
that the objeéts be illuminated by the fan’s light fhin- 
ing upon them from the oppofite quarter: fo that, in 
a weftern profpect, the images will be beft feen in a 
forenoon, an eaftern profped the afternoon, and a 
northern profpeét about noon; a fouthern afpeé& is 
the leaft eligible of any. But the beft way of any is, 
if the lens be fixed in a proper frame, on the top ofa 
building, and made to move eafily round in all diree- 
tions, by a handle extended to the perfon who manages 
the inflrument; the images being then thrown down 
jnto a dark room immediately below it, upon a horizon~ 
tal round plaifter of Paris ground: for thus a view of 
all the objeéls quite around may eafily be taken in the 
fpace of a few minutes; as in the cafe of the excellent 
camera obfcura placed on the top of the Royal Obfer- 
vatory at Greenwich. 

The objects will be feen brighter, if the fpe&tator 
firft wait a few minaces in the dark, Care should alfo 
be taken, that no light efcape through any chinks; and 
that the ground be not too much illuminated. It may 
further be obferved, that the greater diftance there is 
between the aperture and the ground, the larger ‘the © 
images will be ; but then at the fame time the bright- 
nefs is weakened more and more with the increafe of 
diftance. 
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To confiruf 2 Portable Camera Obfeura. 1, Pro« 
vide a {mall box or cheft of dry wood, and of about ta 
inches broad, and 2 feet long or more, according tq 
the fize of the lenfes. 2d, In one fide of it, as BD, 
fit a fliding tube EF with two lenfes; or to have the 
image at a lefs diflance from the tube, with three lenfes, 
convex on both fides; the diameter of the two outer 
nes to be about 7 inches, bur that of the inner to be 
lef, as 4% or 5 inches. 3d, At a proper diftance, 
within the box, fet up perpendicularly an oiled paper 
GH, fo that images thrown upon it may be feen 
through. 4th, In the oppofite fide, at I, make a round 


hole, for a perfon to look conveniently through with 


both eyes. Then ifthe tube be turned towards the ob- 
je€ts, and the Jenfes be placed by trials at the proper 
diftance, by fliding the tube in and out, the objects 
will be feen delineated on the paper, ereét as before, 


Ae 






‘The machine may be better accommodated for draw- 
ing, by placing a mirror to pafs from G to C3 for this 
will refle&t the image upon a rough glafs plane, or an 
oiled paper, placed horizontally at AB; and a copy of » 
it may there be fketched out with a black-lead pencil, 


Another Portable Camera Obfeura is thus made. ft, 
On the top of a box or cheft raife a little turret HI, 
open towards the objed AB. 2d, Behind the aper- 
ture, incline a {mall mirror 26 at an angle of 45 de- 
grees, te refle@ the rays Aa and Bé upon a lens G con- 
vex on both fides, and included ina tube GL, Orthe 
lens may be fixed in the aperture. 3d, At the dif. 
tance of the focus place a table, or board EF, covered 

: : : with 
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with a white paper, to receive the image ab. Lattly, 
In MN make an oblong aperture to look through ; and 


an opening may alfo be made in the fide of the box, for~ 


the convenience of drawing. 


This fort of camera is eafily changed into a fhow-box,- 
for viewing prints, &c: placing she print at the bot-’. 


tom of the box, with its upper part inwards, where it 
is enlightened through the front, left open for this 
purpote, either by day or candle-light; and the print 
may be viewed through the aperture in H!.—A va- 
riety of contrivances for this purpofe may be feen de- 
feribed in Harris’s Optics, b. ii. fet, 4.—Mr. Storer 
has alfo procured a patent for an inftrument of this 
fort, which he calls a delineator; being formed of two 
double convex lenfes anda plane mirror, fitted into a 
proper box. One tens is placed clofe to the mirror; 
making with it an angle of 45 degrees; the other be~ 
_ing placed at right angles to the former, and fixed in 
a moveable tube. If the moveable lens be directed to- 
wards the object, which is to be viewed or copied, and 
moved nearer to or farther from the mirror, till the 
image is diftingtly formed on a greyed glafs, laid upon 
that furface of the upper lens which is next the eye, 
‘it will be found more fharp ard vivid than thofe formed 
in the common inftruments; becaufe the image is taken 
up fo rear the upper lens. And by increafing the dia- 
‘meter and curvature of the lenfes, the effect will be 
mach heightened, 
. CAMUS, (Charles-Stephen-Lewis), a celebrated: 
. French mathematician, examiner of the royal Schools 
‘of Artillery and Engineers, Secretary and Profeffor of 
‘the Royal Academy of Archite€ture, Honorary mem 
cber of that of the Marine, and fellow of the Royal So- 
ciety of London, was born at Crefly en Brie, the 25th 
of Auguft 1699. His early ingenuity in mechanics 
and his own entreaties induced his parents to fend him 
ito ftudy at a college in Paris, at 10 years of age; where 
in the fpace cf two years his progrefs was fo great, 
that he was able to give leffons in mathematics, and 
thas to defray his own expences at the college, without 
any farther charge to his parents. By the afiiftancé of 
the celebrated Varignon, young Camus foon ran 
through the courfe of the higher mathematics, and ac- 
quired a name among the learned. He made himfelf 
more particularly known to the Academy of Sciences 
in 1727, by his memoir upon the fabje& of the prize 
which they had propofed for that year, viz, ‘ To de- 
_termine the moft advantageous way of matting ‘fhips ;” 
‘jn.confequence of which he was named that year Ad- 
joint-Mechanician to the Academy ; and in 1730 he was 
vappointed profeflor of Architeéture. In lefs than three 
_ years after, he was honoured with the fecretaryfhip of 
the fame; and the 18th of April 1733, he obtained 


the degree of Aifociate in the Academy, where he difs © 


tinguithed himfelf greatly by his memoirs upon living 
forces, or bodies in motion aéted upon by forces, gn 
the figure of the teeth of wheels and pinions, on pump 
work, and feveral other ingenious memoirs. . 


In 1736 he was fent, in company with Meffieurs’ 


Clairaut, Maupertuis, and Monnier, upon the celebra- 
ted expedition to meafure a degree of the north polar 
circle; in which he rendered himfelf highly ufefal, not 
only asa mathematician, bugaifo as a mechanician and 
an artift, branches for which he had a remarkable tae 
lent. ~ ‘ 4 ei 
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In 1741 Camus had the honour to be appointed Pens 
fioner-Geometrician in the Academy; and the fame 
year he invented a gauging rod.and flidirg-rule prover 
at once to gauge all forts of cafks, and to caiculaty their 
conterts. ,About the year 1747 he was named T.vamie 
ner of the Schools of Artillery and Engineers: and, in 
1756, one of the eight. mathematicians appcinted to 
examine by a new mcafurement, the bafe which had 
formerly been meafered by Picard, between Villejuifve 
and Juvifi: an operation in which his ingenuity and , 
exaétnefs were of great utility. In 1765 M: Camus was 
elected a fellow of the Royal Society of London; and 
died the 4th of may 1768, in the 6gth year of his age 5 
being fucceeded by the celebrated d’Alembert in he 
office of Geometrician in the French Academy ; and 
leating behind him a great number of manufcript trea> 
tifes on various branches of the mathematics. 

‘The works publifhed by M. Camus are: 

“4. Courfe of Mathematics for the ufe of the Engi- 


neers, 4 vols. in 8vo. 


2. Elements of Mechanics. ° 

3. Elements of Arithmetic. 

And his memoirs printed in the volumes of the Aca~ 
demy, are: > 

1. Of Accelerated Motions by living forces: vol. for 
1728, i 

2. Solution of a Geometrical Problem of M. Crass, 
mer: 1732. : es a : . 
3. On the figure of the teeth and pinions in clocks: 
1733. ? : 

4 On the aétion of a mufket-ball, piercing a pretty 
thick piece of wood, without communicating any con= 
fiderable velocity to it: 173%. . 

“5. On the belt manner of employing buckets for 
raifing water? 1739. 5B ty PSE 
+ 6, A Problem in Statics: 1740. > 

7. Onan Inftrament for gauging of veflels: 1741. 

8. On the Standard of the Ell Meafure: 1746. ° 

9. On the Tangents of Points common to feveral - 
branches of the fame curve: 1747. 

~ yo, On the Operations in meafuring the diftance be- 
tween the Centres of the pyramids of Villejuifve and 


* Juvifi, to difcover the belt meafure of the degree about 


Paris: 1754+ ; : : 

11. On the Mafting of Ships: Prize tom. 2, 

- 42. The Manner of working Oars: Mach, tom. 2. 

13. A Machine for moving many Colters at once: 
Mach. tom. 2. 4 : 

CANCER, the Crab, one of the twelve figns of the 
zodiac, vfuaily drawn on the globe in the form of a 
crab, and in books of Aftronomy denoted by a charace 
ter refembling the number fixty-nine,, turned fideways, 
thus gs. 

This is one of the 48 old conftellations ; and, from the 
hierogly phic mode of writing among the .gyptians &c, 
it is probable that they gave the name and figure to this 
conitellation from the following circumftance, viz, that 
as the crab isan animal that goes fidcling backwards, 
fo the fun, in his annual courfe through the zodiac, 
when he arrives at this part of the ecliptic, having 
reached his utmoft Hmit northwards, begins there to 
return back again towards the fouth. But the Greeks, ~ 
who adapted fome fable of their own to every thing of 


_ this kind, pretend thas when Hercules was fighting with 


: the 
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he Lernzean hydra, there was a crab upon the marth — 


which {cized his foot. The hero crashed the reptile to 
picces under ‘his heel; but Juno, in gratitude for the 
offered fervice, little as it was, raifed the creature into 
the heavens. 

The number of ftars in the fign cancer, Ptolemy 
makes 13, Tycho 15, Bayer and Hevelius 29, and 
Flamfteed 83. 

Tropic of Cancer, a little circle of the fphere pa- 
rallel to the equinottial, and paffing through the begin- 
ning of the fign cancer. 

CANDLEMAS, or the Purification, a feat of the 
¢eharch, held on the 2d of February, in memory of the 
purification of the Virgin; taking its name of Candle- 


mas, either from the number of lighted candles ufed . 


" By the Romith church, in the proceffions of this day, or 
becaufe that the church then confecrated candles for 
the whole year. 

CANES Venatici, the Hounds, or the Greyhounds, one 
of the new conftellations of the northern hemifphere, 
which ‘Jlevelius has formed out of the unformed {tars 
of the old catalogues. Thefe two dogs are farther dif 
tinguifhed by the names of afferio and chara. They 
contain 23 flars according to Hevelius, but 2§ in the 
Britith catalogue; ; 

- * CANICULAR, a name given by many of the earlier 

aftronomers to the conitellation which we call the Leffer 
Dog, and Canis Minor, but fome Procyon and Ante~ 
canis. See Canis Minor. .. 
. I¢ is alfo ufed for one of the ftars of the conftella- 
tion Canis Major; called alfo fimply the Dog-ftar ; 
and by the Greeks Fepios, Sirius, It is fituated in the 
mouth of the conftellation, and is the largeft and bright- 
eft of all the ftars in the heavens, From the heliacal 
rifing of this ftar, that is, its emerfion from the fun’s 
rays, which now happens with us about the rth of 
Auguft, the ancients reckoned their dies caniculares, or 
dog-days. é 

The Egyptians and Ethiopians began their year at 
the heliacal rifing of Canicula; reckoning to its rife 
again the next year, which iscalled the 4znus Canarius.. 

CANICULAR Days, or Dog-days, denote a certain 
number of days, before and after the heliacal rifing of. 
canicula, or the dog-flat, in the morning, The an- 
cients imagined that this ftar, fo rifing, occafioned the 
fultry weather ufually felt in the latcer part of the fom- 


mer, or dog-days; with all the diftempers of that fickly. 


feafon: Homer’s H. lib. 5, v.10, and Virgil’s Ain, 
lib. to, v. 270. Some authors fay, from Hippocrates 
and Pliny, that the day this flar firft rifes ia the morn- 
ing, the fea hoils, wine turns four, dogs begin to grow 
mad, the bile increafes and irritates, and all animals 
grow languid; alfo that the difeafes it ufually occa- 
fions in men, are burning fevers, dyfenteries, and 
phrenfies. The Romans too facrificed a brown dog’ 
every year to Canicula at his firt rifing, to appeafe its 
rage. All this however arofe from a groundlefs idea 
that the dog-itar, fo rifing, was the occafion of the 
extreme heat and the difeafes of that feafon: for the 


ftar not only varies in its rifing, in any one year, as ~ 


the latitude varies, but it is always later ane later 
every year in all latitudes ; fo that in time the ftar may, 


by the fame rule, come to be charged with bringing: 


froft and fnow, when he comes to rife in winter. ~~ 
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The dog-days were commonly counted for about 40 
days, viz, 20 days before and zo days after the heliacal 
_fifing; and almanac-makers have ufually fet down the 
“dog-days.in their almanacs to the changing time of the. 
-ftar’s rififig, by which means they had at length fallen 
confiderably after the hotteft time of the year, till of 
late we have obferved an alteration of them in the al- 
manacs, and very properly, from July 3 to Auguit 11. 
For, by the dog-days, the ancients meant to exprefs the 
hotteft time of the year, which is commonly during 
the month of July, about which month the dog-ftar 
rofe heliacally in the time of the moft ancient aftronos 
mers that we know of: but the preceffion of the equi- 
noxes has casried this heliacal rifing into a much later 

and cooler part of the year; and Becante Hefiod tells - 
us that the hot time of the year ends on the soth day 
after the fummer folftice, which brings us to about 
Augoft 10 or 11, therefore the above alteration feems 
to be very proper. : ° 

CanicuLar Year, denotes the Egyptian natural 
year, which was computed from one heiliacal rifing of 
canicular, to the next. ‘This year was alfocalled annus 
canarius, and annus cynicus s and by the Egyptians them- 
felves the Sethic year, from Serh, by which name they 
called Sirius. Some call it alfo the beliacal year. This 


"year confifted ordinarily of 365 days, and every 4th year 


of 366; by which means it was accommodated to the 
civil year, like the Julian account. And the reafon 
why they chofe this ftar, in preference to others, to 
compute their time by, was not only the fuperior bright+ 
nefs of that ftar, bat becaufe that in Egypt its heliacal 
rifing was atime of very fingular note, as coincidin 
with the greateft ang mentation of the Nile, the rue 
father of Egypt. Ephefticn adds, that from the afpeet 
of canicula, its colour &c, the Egyptians drew prog 
nollics concerning the rife of the Nile; and according 
to Floras, predicted the future ftate of the year. So that 
it is no wonder the firtt rifing of this tar was obferved 
with great attention. Bainbrigge, Canicul.cap. 4. p. 26. 
CANIS Major, the Great Dog, 'a conftellation of 
the fouthern hemifphere, below the feet of Orion, and ~ 
one of the old 48 conftellations. The Greeks, as 
afual, have many fables of their own about the exalta- 
tion of the dog into the fkies; buc the origin of this 
conttellation, as well as its other name Sirius, lies mori 
probably among the Egyptians, who carefully watched 
the rifing of this ftar, and by it judged of the {welling 
of the Nile, calling the ftar the fentinel and watch of 


_the year; and hence, according to their manner of hie- 


roglyphic writing, reprefented it under the figure of 
adog. They allo called the Nile Sivis; and hence 
their Ofris. : 

The flars in this conftellation, Ptolemy makes 293 
Tycho however obferved only 13, and Hevelius 21; 
but in Flamfteed’s catalogue they are 31. ; 

Canis Miner, a conftellation of the northern hemis 
fphere, jut below Gemini, and is one of the 48 old 
conftellations. ‘The Greeks fabled that this is one of 
Orion’s hounds ; but the Egyptians were moft probably 
the inventors of this conftellation, and they may have 
‘given it this figure to exprefs a little dog, or watehful - 
creature, going before as leading in the larger, or rifing 
before it: and hence the Latins have called it Ante= 
canis, the ftar before the dog. . 

Oe = The 


“ther, with plates of iron or copper. 
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The ftars in this conftellation are, in Ptolomy’s ca- 


talogue 2, the principal of which is the far Procyon; — 


in 'T'ycho’s 5, in Hevelius’s 13; and in Flamfteed’s 14. 

CANNON, in Military Affairs, a long round hol-. 
low engine, made of iron or brals, &c, fos parSwing: 
balls, &c, by means of gunpowder. The length is diftin-’ 
guifhed into three parts; the firft reinforce, the fecond’ 
reinforce, and the chafe: the infide hollow where the 
charge is lodged, being alfo called the chafe, or bore. 
But for the fevcral parts and members of a cannon, fee 
ASTRAGAL, Base-rinc, Bor &, Brecces,CasCaBEL, 
Cuase,Muzzue,Ocer, Reis FORCE-RING, TRUN- 
Nions, &c. See alfoGun, and Gunnery. 

Cannon were firft made of feveral bars of iron adapted 
to each other lengthways, and hooped together with 
ftrong iron rings. They were employed in throwing 
ftones and metal of feveral hundred weight. Others 
were made. of thin theets of iron rolled up, and hooped: 
and on emergencies they have been cven made of lea~ 
‘They are now 
made of caft iron or brafs; being caft folid, and the 
tube bored out of the middle of the folid metal. 

Larrey makes brafs cannon the invention of J. Owen; 
and afferts that the firt known in England, were in 
1535; and farther that iron cannon were firft caft here 
in 1547. He acknowledged that cannon were known 
before; and remarks that at the battle of Crefli, in 
1346, there were § pieces of canuon in the Englith 
army, which were the firft ever feen in France. 
ce alfo obferves that king Kdward ftruck terror into 
the French army, by 5 or 6 pieces of cannon; it being 
the firft time they had met fuch thundering machines. 

In the Jift of aids raifed for the redemption of king 

ohn of France, in 1368, mention is made of an officer 
in the French army called mafter of the king’s cannon, and 
of his providing 4 large cannon for the garrifon of Har- 
fleur. But father Daniel, in his life of Philip of Va- 
lois, produces a proof from the records of the cham- 
ber of accounts at Paris, that cannon and gunpowder 
were ufed in the year 1338. And. Du-Cange even 
finds mention of the fame engines in Froiffart, and other 
French hiftorians, fome time earlier. 

The Germans carry the invention of cannon farther 
back, and afcribe it to Albertus Magnus, a Dominican 
monk, about the year 1250. Bat Jfaac Voilius finds 
cannon in China upwards ‘of 1700 years ago; being 
ufed by the emperor Kitey, in the year of Chrilt 85. 
The ancients too, of Europe and Afia, had their fiery 
tabes, or canna, which being loaden with pitch, ftones, 
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and iron balls, were exploded with a vehement noife, . 


fnoke, and great effect. : 
Cannon were formerly made of a very great length, 
which rendered them exceedingly heavy,and their ufe ve- 


ry troublefome and confined. But it has lately been found , 


by experiment that there is very little added to the force 
of the bail by.a great length of the cannon, and there- 
Scre they have very properly been much reduced both in 


their length and weight, and rendered eafily manageable | 


npon ail occafious. ‘They were formerly diftinguithed 
hy many hard and terrible names, but are now only 
named trom the weight of their ball; asa 6 pounder, 
az pounder, a 24 pounder, or a 42 pounder, which 
is the largeit fize now ufed by the Englith for battering. 
eae in Algebya, Arithmetic, Geometry, &c,, 
Vou L = * 
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is a general rule for refolving all cafes of a like nature 
with the prefent enquiry. ‘Thus the laft ftep of every 
equation is fuch a canon, and if turnéd into words, be- 
comes a rule to refolve all cafes or queftions of the fame 
kind with that propofed. : 

Tables of fines, tangents, &c, whether natural or are 
tificial, are alfo called canons. f 

Canon, in Ancient Mufic, is a rule or way of 
determining the intervals of mufical notes. Ptolomy, 
rejecting the Ariftoxenian way of meafuring the inter. 
vals in mufic by the magnitude of a tone, formed by 
the difference between a diapente and a diateilaron, 
thought that they fhould he diftinguithed by the ratios 
which the founds terminating thofe intervals bear to‘one 
another, when confidered according to their degree of 
acutenefs or gravity; which, before Ariftoxenus, was the 
-old Pythagorean way. He therefore made the didpafon 
confit in a double ratio; the diapente confilt in a {e(quis 
alterate ; the diateflaron, ina fefquitertian : and the tone 
itfelf, in a fefquioftave; and all the other intervals, acs * 
cording to the proportion of the founds that terminate 
them: wherefore, taking the canon, as itis called, for a 
determinate lint of any length, he fhews how this is ta 
be cut, that itmay reprefent the re(pective intervals: and 
-this method anfwers exaétly to experiments in the dif- 
ferent lengths of mufical chords. From this canon, 
Ptolomy and his followers have heen called Canonice 3 
as thofe of Ariftoxenus were called Mufici. 

“ Pafeal Cawon, a table of the moveable feafts, 
fhewing the day of Eafter, and the other featts de- 
ending upon it, for a cycle or period of 19 years. It 
1s faid that the Pafcal Canon was the calculation of Eu- 
febius of Cefarea, and that it was made by order of the 
council of Nice, lag : 

CANOPUS, a name given by fome Of the old aftro. 
nomers to a ftar under the 2d bend of Eridanus, Thefe 
writers fay that the river in the heavens is not the Eri- 
danus, but the Nile, and that this ftar commemorates an 
ifland made by that river, which was called by the fame 
name. : 

Canopus is alfo the name of a bright ftar of the 
fir magnitade in the radder of the fhip Argo, one of: 
the fouthern conftellations. Its fituation, as given by, 
feveral authors, at different times, is as follows: 4 
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CANTALIVERS, in Archite€ture, are the fame. 
with modillions, except that the former are plain, and 
the latter carved. They are both a kind of cartoufes, 





ai 





* fet at equal diftlances under the coiona of the cornice of 


a building. 

CANTON (Joun), an ingenious natural philo-. 
fopher, was born at Strond, in Gloucefter fhire, in 1718 5- 
and was placed, when youag, under the care of Mr..” 
Davis, an able mathematician of that place, with whom, 
he had fearned both velgar and decimal arithmetic be- 
fore he was quite 9 years of age. He next proceeded 
to higher parts of the mathematics, and particulzrly to 
algebra and aftronomy, in which he had made a con- 
fiderable progrefs when his father took him from fchool 
and f¢t him to learn his own, bufineds,which was that, 
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of a broad cloth weaver. This circumftance was not 
able to damp his zeal for acquiring knowledge. All 
his leifure time was devoted'to the affiduous cultivation 
of aftronomical fcience; by which he was foon able to 
calculate lunar eclipfes and other phenomena, and to 
conftruét various kinds of fun-dials, even at times when 
he oaght to have flept, being done without the knaw- 
ledge and confent of his father, who feared that fuch 
ftadies might injure his health. Ut was during this pro- 
hibition, and at thefe hours, that he computed, arid cut 
upon ftone, with no bette? an inftrament than a com- 
mon knife, the lines ofa large upright fun-dial,on which, 
hefide the hour of the day, were fhgwn the fun’s rifing, 
his place in the ecliptic, and fome other particulars. 
When this was finifhed and made known to his father, 
he permitted it to be placed.againft the front of his 
honfe, where it excited the admiration of feveral neigh- 
bouring gentlemen, and introduced young Canton to 
their acquaintance, which was followed by the offer of 
the ufe of their libraries. In the library of one of thefe 
gentlemen he found Martin’s Philofophical Grammar, 
which was the firit book that gave him a tafte for na- 
tural philofophy. In the poffeflion of another gentle- 
man he firtt faw a pair of globes; a circumftance that 
afforded him ‘great pleafure, from the great eafe with 
which he could refolve thofe problems he had hitherto 
been accuftomed to compute. 

Among other perfons with whom he became ac- 
quainted in early life, was Dr. Henry Miles of Tooting ; 
who perceiving that young Canton aa abilities 
too promifing to be confined within the narrow limits 
of a.country town, prevailed on his father to pertoit 
him to come up to Eondon. Accordingly he aprivéd 
at the metropolis the 4th of March 1737, and réfided 
with Dr. Miles at Tooting till the 6th of May follow- 
ing; when he articled himfelf, for the term of 5 years, 
asaclerk to Mr. Samuel Watkins, matter of the aca- 
demy in Spital Square. In this fituation his ingenuity, 
diligence, and prudence, were {0 diftinguifhed, that on 
the expiration of his clerkthip in May 1742, he was 
taken into pattnerfhip with Mr. Watkins for 3 years; 
which gentleman he afterward facceeded in the {chool, 
and there continued during his whole life. 

Towards the end of 1745, electricity received a great 
improvement by the difcovery of the famous Leyden 
phial. This event turned the thoughts of moft of the 
philofophers of Europe to that branch of natural phi- 
Jofophy ; and our author, who was one of the firit to 
repeat and to purfue the experiment, found his endea- 
vours rewarded by many notable difcoveries.T owards 
the end of 1749) he was engaged with his friend, the 
Jate ingenious Benjamin Robins, in making experiments 
to determine the height to which rockets may be made 
to afcend, and at what diftance their light may be feen. 
—In 1750 was read at the Royal Society, Mr. Canton’s 
«« Method of making Artificiat Magnets, without the 
vufe of, and yet far fuperior to, any natural ones.”” This 
paper procured him the honour of being eledted a trem-. 
ber of the Society, and the prefent of their:gold me- 
dal, The fame year he was complimented with." 
degree of M.A. by the univerfity of Aberdeen. And 
in 1751 he was chofen one of the council of the Royal 
Society; an honpyg. avbic was twice repeated: after- 
wards. BAS Oa: g ¢ 
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In 4752, Gut philofopher was fo fortunate as to be 
the firft perfon in England who, by attra&ting the elec- 
tric fire from the clouds during a thunder-ftorm, veri- 
fied Dr. FgankSin’s hypothelis of the fimilarity of light- 
ning and eleétricity. Next year his paper intitled 
« Ele@trical Expesiments, with an attempt to account 
for their feveral phenomena,” was read at the Royal 
Society. Inthe fame paper Mr. Canton mentioned his 
having difcovered, by many experiments, that fome 
clouds were in.a pofitive, and fome in a negative ftate 
of eleétricity.: a, difcovery which was alfo made by 
Dr. Franklin in- America much about the fame. time. 
This circum#ance, together with our author’s conftant 
defence of the doétor’s hypathefis, ind aced that excellent 
philofopher, on his arrival in England, to pay Mr. Can- 
ton a vifit; and gave rife toa friendfhip which ever after 
continued between them.—In the Ladies’ Diary for 
1756, our author anfwered the prize query that had 
been propofed.in the preceding year, concerning the 
meteor called fhooting ftars. ‘The folution, though only 
figned A.M. was fo fatisfactory to ‘his friend, the 
excellent mathematician Mr. Thomas Simpfon, who 
then conduéted that ingenious and vfeful little work, 
that he fent Mr. Canton the prize, accompanied. 
with a note, in which he faid he was fare that he 
was not miftaken in the author of it, as no one be- 
fides, that he knew of, could have given that anfwer.— 
Our philofopher’s next communication to the public, 
wasa letter in the Gentleman’s Magazine for September, 
1759, on the eleétrical properties of the tourmalin, in 
which the laws of that wonderful ftone are laid down in 
a very concife and elegant manner. On the 13th of 
December in the fame year was read at the Royal So- 
ciety, ‘An attempt to account for the Regular Diur- 
nal Variation of the Horizontal Magnetic Needle ; and 
alfo for its Irregular Variation at the time ofan Aurora 
Borealis.” A complete year’s obfervations of the di- 
urnal variations of the needle are annexed to the paper, 
—Nov. 5, 1765, our author communicated to the Royal 
Society an account of the Tranfit of Venus of the 6th 
of June that year, obferved in Spital Square. His next 
communication to the Society, was a Letter, read 
the 4th of Feb. 1762, containing fome remarks on Mr. 
Delaval’s eleétrical experiments, On the 16th of Dec, 
the fame year, another curious addition was made by 
him to philofophical knowledge, ina paper, intitled, 
«« Experiments to prove that Water is not Incomprefli- 
ble.” And on Nov. 8, the year following, were read 
before the Society, his farther “* Experimentsand Obfer- 
vations on the Comprefibility of Water, and fome other 
fluids.” Thefe experiments are a complete refutation 
of the famous Florentine experiment, which fo many 
philofophers have mentioned as a proof of the incom- 
prefibility of water. For this communication he had 
a fecond time the Society’s prize gold medal. 

Another communication was made by our author to 
the Society, on Dec. 22, 1768, being An eafy method 
of making a phofphoras that will imbibe and emit light 
‘Vike the Bolognian Stone; with experiments and ob- 
fervations.” When he firft fhewed to Dr. Franklin 
the inftantaneous light acquired by fome of this phof- 
phorus from the near difcharge of au: eleCtrified bottle, 
the dotor immediately exclaimed, “« And God faid let 
there be light, and there was light.” 

The 
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The Dean and Chapter of St. Paul’s having, in a 
letter, dated March 6, 1769, requelted the opinion of 
the Royal Society relative to the beft method of fixing 
electrical conduétors to preferve that cathedral from 
damage by lightning, Mr. Canton was one of the com- 
mittee appointed to take ‘the letter into confideration, 
and to report their opinion upon it. The gentlemen 
joined with him in this bufinets were, Mr. Delaval, Dr. 
Franklin, Dr. Watfon, and Mr. Wilfon. Their report 
was made on the Sth of June following: and the mode 
recommended by them has been carried into execution. 
Our author’s lait communication to the Royal So- 
ciety, was a paper read Dec. 21, 1769, containing 
«« Experiments to prove that the Laminoufnefs of the 
Sea arifes from the Putrefastion of its animal Sub- 
flances.”” : 

Befides the papers above mentioned, Mr. Canton 
wrote a number of others, both in the earlier and the 
later parts of his life, which appeared in fevcral publica- 
tions, and particularly in the Gentleman's. Magazine.— 
He died of a dropfy, the 22d of March 1772, in the 
54th year of his age. 

CAPACITY, is the folid contentofany body. Alfo 
cur hollow meafures for corn, beer, wine, &c, are called 
meafures of capacity. 

CAPE, or Promontory, is any high land, running out 
with a point into the fea; as Cape Verde, Cape Horn, 
the Cape of Good Hope, &c. 

CAPELLA, a bright flar of the fir magnitude, 
in the left fhoulder of Auriga. 

CAPILLARY Tubes, in Phyfics, are very fmall 
pipes, whofe canals are exceedingly narrow 5 being fo 
called from their refemblance to a hair in {mallnefs, 
‘Their ufual diameter may be from Jy to -¢s5 of an inch: 
though Dr. Hook affures us that he drew tubes in 
the flame of a lamp much finaller, and refembling 2 
fpider’s thread. 

The Afcent of Water, (Sc, in capillary tubes, is a 
noted phenomenon in philofophy. Take feveral {mall 
glafs tubes, of different diameters, and open at both 
ends; immerfe them a little way into water, and the 

+ fluid will be (een to ftand higher in the tubes than the 
furface of the water without, and higher as the tube is 
fmaller, almoft in the reciprocal ratio of the diameter 
of the tebe; and that both in open air, and in vacuo. 
The greateft height to which Dr. Hook ever obferved 
the water to ftland, in the fmalleft tubes, was 21 inches 
above the furface in the veffel. 

This dacs not however happen uniformly the fame in 
all fluids; fome flanding higher than others; and in 
quickfilver the contrary takes place, as that fluid ftands 
lower within the tube than its furface in the veffe!, and 
the lower as the tube is finaller. See Philof. Tranf. 
Ne 355, or Abr. vol. 4, pa. 423, &¢, or Cates’s Hydr. 
and Pneum. Led. pa. 265. 

Another phenomenon of thefe tubes is, that fach of 
them as would only naturally difcharge water by drops, 
when eleétrified, yield a continued and accelerated 
ftream; and the acceleration is proportional to the 
{mallnefs of the tube: indeed the effect of electricity is 
fo confiderable, that it produces a continued ftream from 
‘a very fmall tube, out of which the water had not be- 
fore been able to drop. Prieftley’s Hilt. Ele&r. vo. 
vol. 4, pa. 171, ed. 3d. 
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This afcent and fufpenfion of the water in the tube, 
is by Dr. Jurin, Mr. Haukfbee, and other philofo-- 
phers, afcribed to the attraction of the periphery of the 
concave furface of the tdbe, to which the upper fur- 
face of the water is contiguous and adheres. 

CAPITAL, in Architeéture, the uppermolt part 
of a column or pilafter, ferving as a head or crowning 
to it; being placed immediately over the fhaft, and 
under the entablature. It is made differently in the 
different orders, and is that indeed which chiefly dif- 
tinguifhes the orders themfelves. 

APITAL of a Baftion, is an imaginary line dividing 
any work into two equal and fimilar parts; ora fine 
drawn from the angle of the polygon to the point 
of the baftion, or from the point of the baftion to the 
middic of the gorge. z 

CAPONIERE, or Caronniere, in Fortification, 
is a paflage made from one work to another, of 10 or 
1z fect wide, and about 5 feet deep, covered on each 
fide by a parapet, terminating in a glacis or flope. 
Sometimes it is covered: with planks and earth. 

CAPRA, or the She-goat, a name given to the ftar 
Capella, on the left thoulder of Auriga; and fometimes 
to the conftellation Capricorn. Some again reprefent 
Capra as a conftellation ig the northern hemifphere, 
confitting of 3 ftars, comprifed between the 45th and 
55th degree of latitude. 

The poets fable her to be Amalthea’s goat, which 
fackled Jupiter in his infancy. 

CAPRICORN, the Goat, a fouthern conftellation, 
and the roth fign of the zodiac, as alfo one of the 48 
original conftellations received by the Greeks from the 
Feepuace. The figure of this ign is drawn as having 
the fore part of a goat, bu: the hinder part of a fiths 
and fometimes fimply under the form of a goat, [In 
writing, it is denoted by a charaéter reprefenting the 
crooked horas of a goat’s head, thus vy. 

As to the figure of this conftellation, the Greek 
pretend that Pan, to avoid the terrible giant ‘T'yphon, 
threw himfelf into the Nile, and was changed into the 
figure here drawn; in commemoration oF which ex- 
ploit, Jupiter took it up to heaven. But it is proba- 
ble, as Macrobius obferves, that the Egyptians marked 
the point of the ecliptic appropriated to this fign, where 
the fan begins again to afcend up towards the north, 
with the figure of a goat, an animal which is always 
climbing the fides of mountains. 

The ftars in this conftellation, in Prolomy’s and 
Tycho’s catalogue, are. 28; in that of Hevelius 29; 
though it is to be remarked that.one of thofe in the 
tail, of the 6th magnitude, marked the 27th in ‘Ty. 
cho’s book, was loft in Hevelius’s time. Flamfteed 
gives 51 ftars to this fign. 

Tropic of Carricorn, a little circle of the fphere, 
parallel to the equator, pafling throngh the beginning 
of Capricorn, or the winter folitice, or the point of 
the fun’s greateft fouth declination, 

CAPSTAN, a large mafly column fhaped like 
truncated cone; being fet upright on the deck of a 
fhip, and turned by levers or bars, pafling through 
holes in its upper extremity. The capftan is a kind 
of perpetual lever, or an axis-in-peritrochio, which, by 
means of a ftrong rope or cable paffed roznd, ferves to 
taife very great weights; fuch as to hoift fails, to weigh 
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tle anchors, to draw the veffels on fhore, and hoitt 
them up to be refitted, &c. : 

CAPUT Draconis, or dragon’s head, a name 
given by fome to a fixed ftar of the firft magnitude, in 

- the head of the conieilation Draco. 

CARACT, or Carat, a name given to the weight 
which exereffes the degree of goodnefs or finenefs of 
gold. The whole quantity of metal is confidered as 
confiiling of 24 parts, which are the carats, fo that the 
carat is the 24th part of the whole; this carat is di- 
vided into 4 equal parts, called grains of a carat, and 
the grain into hatves and quarters. 

When gold is purified to the utmoft degree poffible, 
fo that it lofes no more by farther trials, it is confider- 
ed as quite pure, and faid to be 24 carats fine; if it 
lofe 1 carat, or 1—24th in purifying, it was of 23 ca- 
rats fine; andif it lofe 2 carats, it was 22 carats fine ; 
and fo on. Z 

CARCASS, is a hollow cafe formed of ribs of iron, 
and covered over with pitched cloth, &c, about the 
fize of bomb fhells; or fometimes made all of iran ex- 
cept two or. three holes for the fire to blaze through. 
‘Thefe are filled with various matters and combuttibles, 
to fire houfes, when thrown out of mortar pieces into 
befieged places. 

CARCAVI (Perer pz), was born at Lyons, but 
in what year is not known, He was Counfellor to the 
Parliament of Toulovfe, afterward Counfellor to the 
Grand Council, and Keeper of the King’s Library. 
He was appointed Geometrician to the French Aca- 
demy of Sciences in 1666; and died at Paris in 1684. 
There are extant fome letters of his, printed among 
thofe of Defcartes 

CARDAN (Hieronymus, or Jerom), one’ of 
the mot extraordinary geniufes of his age, was born 
at Pavia, in Jtaly, Sept. 24, 1501. At 4 years old 
he was carried to Milan, his father being an advocate 
and phyfician in that city: at the age of 20 he went to 
ftady in the univerfity of the fame city ; and two years 
afterward he explained Euclid. In 1524, he went to 
Padua: the fame year he was admitted to the degree 
of mafter of arts;~and the year following, that of doc- 
tor of phylic. ‘He married about the year 15313 
an& became ‘profeifor of mathematics, and praétifed 
medicine at Milan about 1533. In 1539 he was ad- 
mitted a member of the college of phyficians at Mi- 
Jan; in 1543 he read public lectures in medicine there; 
and the fame at Pavia the year following; but he-dif- 
continued them becaufe he could not get payment of 
his falary, and returned to Milan. ~ 

In 1552 he went into Scotland, having been fent 
for by the archbifhop of St. Andrew’s, to cure him of 
a grievous diforder, after trying the phyficians of the 
king of France and of the emperor of Germany, with- 
out benefit. He began to recover from the day that 
Cardan preferibed for him; our author took his leave 
of him at the end of fix weeks and three days, leaving 

shim preferiptions which in two years wrought a com- 
plete cure. Upon this vifit Cardan paffed through 
London, and calculated king Edward’s nativity ; for 
he was famous for his knowledge in aftrology, as well 
as thofe of mathematics and medicine. 
Milan, after four months abfence, he remainéd there 
till the beginning of O&. 15523 and then went to 
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Pavia, from whence he wasinvited to Bologna in 1562. 
He taught in this Jaft city till the year 1670; at which 
time he was.thrown into: prifon; but fome months af- 
ter he was fent home to his own houfe. He quitted 
Bologna in 1571; and went to Rome, where he lived 
for fome time without any public employment. He 
was however admitted a member of the college of phy- 
ficians, and received a penfion from the Pope, till the 
time of his death, which happened at Rome on the 
2if of September 1575. 

Cardan, at-the fame time that he was one of the 
greatelt geniufes:and moft learned men of his age, in 
all the fciences, was one of the moft eccentric and fickle 
in condué of all mén that ever lived: defpifing all 
good principles and opinions, and without one friend 
in the world. ‘The fame capricioufnefs that was re- 
markable in his outward conduct, is alfo obfervable in 
the compofition of his numerous and elaborate works. 
In many of his treatifes the reader is ftopped almott 
every moment by the obfcurity of his text, or by di- 
greflions from the point in hand. In his arithmetical 
writings there are feveral difcourfes on the motions of 
the planets, on the creation, on the Tower of Babe!, 
and fuch like. And the apology which he made for 
thefe frequent digreffions is, that he might by that 
means enlarge and fill up his book, his bargain with 
the book/eller being at fo much per fheet; and that he 
worked as much for his daily fupport as for fame. 
The Lyons edition of his works, printed in 1663, 
confifts of no lefs than 10 volumes in folio. 

In fa&, when we confider the tranfcendent qualities 
of Cardan’s mind, it cannot be denied that he culti- 
vated it with every f{pecies of knowledge, and made a 
greater progrefs in philofophy, in the medical art, in 
aftronomy, in mathematics, and the other fciences, 
than. the moft part of his contemporaries who had ap- 
plied themfelves but to one only of thofe fciences. In 
particular, he was perhaps the very beft algebrai(t of 
his time, a fcience in which he made great improve- 
ments; and his labours in cubic equations efpecially 
have rendered his name immortal, the rules for refoly- 
ing them having ever fince borne his name, and are * 
likely to do fo as long as the {cience fhall exif, al- 
though he received the firlt knowledge of them from 
another perfon; the account of which, and his dif- 
putes with Tartalea, have been given at large under the 
article ALGEBRA. 

Scaliger affirms, that Cardan, having by aftrology 
prediéted and fixed the time of his death, abftained 
from all food, that his prediction might be fulfilled, 
and.that his continuance to live might not difcredit his 
art. It is farther remarkable, that Cardan’s father al- 
fo died in this manner, in the year 1524, having ab- 
ftained from fuftenance for nine days. Our author too 
informs us that his father had white eyes, and could 
fee in the night-time. 

CARDINAL Points, in Geography, are the eaft, 
weft, north, and fouth points of the horizon. 

Carpinat Points of the Heavens, or of a Nativity, 
are the rifing and fetting of the fun, the zenith and 
nadir, - ; 

Carpinat Signs, are thofe at the four quarters, or 
the equinoxes and folitices, viz, the figns Aries, Li- 
bra, Cancer, and Capricorn. 
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Caroinat Winds, are thofe that blow from the 
four cardinal points, viz, the eaft, weil, north, and 
fouth winds, : 

CARDIGIDE, the name of a curve fe called by 
Caftilliant.—But it was fir® treated of by Koerfua, 
and by Carré. See Philof. ‘I'ranf. 1741, and Memoires 
de Acad. 1705, ; i 

The Cardioide is thus generated. APB isa circle, and 
AB its diameter. Through one extremity A of the dia- 
meter draw a number of lines APQ, cuttiig the circle 
jn Ps upon thefe fet off always PQ equal to the dia- 
meter AB; fo thall the points Q be always in the curve 
of the cardioide, ¥ : 











~ From ents generation of the curve, its chief proper 
ties are evident, viz, that, : So 
" everywhere PQ = AB, ; 

CQ, or OQ is = Aa or 2 AB, 
- AQ= AB + AP, 

P always bife@sQQ! 

_. The cardioide is an algebraical curve, and the equa- 
tion expreffing its nature is thus > : 
 Puta= ABthe diameter, © = 
= aD perp. AB, # ay 
y= DQ perp. AD; then is : : 
St — bay) 4 2x75 — Gax*y + xt } Paes 
+ i2aty>— Sa¥y + 307% mae, 
which is the equation of the curve. F : 

Many properties of the cardioide may be feen in the 

laces above cited. 

CARRE (Lewts), was born in the year 1663, in 
the province of Brie in France, His father, a fubftan- 
tial farmer, intended him for-the church. But young 
Carré, after going through the ufual courfe of educa- 
tion for that purpofe, having an utter averfion to it, 
he refufed to enter upon that fun@ion; by which he 
incurred his father’s difpleafure. His refources being 
thus cit off, he was obliged to quit the univerfity, 
and look out into the world for fome employment. 
In this exigency he had the good fortune to be en- 
gaged as an amanuenfis by the celebrated father Male- 
branche ; by which he found himéelf tranfported’ all 
at once fiom the mazes of fcholaftic darknefs, to 
the fource of the moft brilliant and enlightened pbi 
fophy. Under this great mafter he Rudied mathe- 
matics and the mo fublime metaphyfics. After feven 
years fpent in this excellent fchoo!, M. Carré found it 
neceflary, in order to procure himfelf fome lefs preca- 





rious cfablifhment, to teach mathematics and philo- 


fophy in Paris; but efpecially that philofophy which, 
on accoust of its tendency to improve our morals, he 
valeed more than all the mathemat'cs. in the world. 
And accordingly his preateft care was to make geome- 
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ag 
try: ferve as an introduction to his well beloved meta- 
hyfies. ‘ 
Mott of Mr. Catré’s pupils were of the fair fex. The 
firt of thele, who foon perceived that his language 
was rather the reverfe of elegant and correa, told him 
pleafantly that, as an acknowledgment for the paias 
he took to teach her philofophy, fhe would teach him 
French ; and he ever after owned that her leflons were 
of great fervice to him. In general he feemed to fet 
moie value upow the genius of women than that of 
men. . Fi . 
preference to me- _ 
taphyfics, did not negleg& mathematics; and while he 
taught bath, he took care to make himfelf acquainted 






* with all the new difcoveries in the latter. ‘Chis was all 


that his conftant attendance on his pupils would allow 
him to do, till the year 1697, wheo M. Varignon, fo 
remarkable for his extreme icrapuloufnets-in the cho'ce 
of bis cleves; took Mr. Carré to him in that ftation. 
Soon afer, viz, in the year 1709, our author think- _ 
ing himielf bound to do fomething that might render 
him worthy of thar tide, publithed the firft complete’ 
work on the Integral Calculus, onder the title of A 
method of meafuring Surfaces and Solids, and finding 
their Centres of Gravity, Percuflion, and Ofcillation.” 
He afterwards difcovered fome errors in the work, and , 
was.candid enough to own and correct them in’a fub- « 
fequent edition. se : ? 

Ina little time M. Carré became Affociate, and at 
length one of the Penfioners of the Academy. And 
as this was a fuflicient eftublifiment for one, who 
knew fo well how to keep his dejires within jul 
bounds, he gave himfelf up entirely to ftudy ; and as 
he enjoyed: the appointment of Mechanician, he applied - 
himfelf more particularly to mechanics. Ele took alfo 
a furvey of every branch relating to mofics fuch as 
the doétrine of founds, the defcription of mufical in- 
firoments ; though he defpifed the praGice of mufic, 
asa mere fenfual pleafure. Some fketches of his inze# 
uity and induftry in this way may be feen in ihe NV 
nioirs of the French Academy of Sciencesy M. Carré 
alfo compofed {ome treatifes on othur Branches of na- 
tural philofophy, and fome ca mathematical lubjects 5 | 
all which he bequeathed” to that illuftrious body ; 
though it does not appear that any of them have yee 
been publithed. Jt is not unlikely that he was hin- 
dered from putting the laft hand to them by a train of 
diforders proceeding from a bad digeftion, which, af 
ter harailing him during the {pace of five or fix years, 
at length broaght him to the grave in 1741, at 43 
years of age. 

His memoirs printed in the volumes of the Acade- 
my, with the vears of the volumes, are as below. ~, 
ts The Re@ification of Curve Lines by Tangents : 
i701. 

z. Solution of a Problem propofed to Geometricians, 
&c. 1701. 

3. Refegtions on the Table of Equations: 1701, 

- 4, On-the Caufe of the RefraGion of Light: 1702. 

g. Why the Tides are always augmenting from Breit 
to St. Mato, and diminifiing along the coafts of Nor- 
mandy: 3702. 

6. Lhe Number and the Names of Mufical Inftru- 
ments ; 1702. 


gee mT " 7 





On 


“a Jjberal education, and the more 


ae t eg 
CAR .» 
4. On the Vinegar which caufes fmall ftones to roll 
upon an inclined plane: 1703. 
8. On the Rectification &c, 
flection : 1793. 

g. Method for the Reiification of Curves: 1704. + 

10, Obfervations on the Produstion of Sound : 1704. 

11, Ona Curve formed from a Circle: 1705. 

_ 12, On the Refraction of Mufket-balls-in water, 
and on the Refiftance of that fluid: 1705. 

13. Experiments on Capillary ‘Tubes: 1705. 

14. On the Proportion of Pipes to havea determi- 
nate quantity of water: 1795. : 

ig. On the Laws of Motion : 1706, 
. 16. On the Properties of Pendulams ; with fome 
new properties of the Parabola: 1707. 

17. On the Proportion of Cylinders that their founds 
may form the muiical chords: 1709. ; 
18. On the elalticity of the Air: 1710. 

1g. On Catoptrics: 1710. 

20. On the Monochord: in the Machines, tom. 1. 
with fome other pieces, not mathematical. 

CARRIAGE, of @ Caanon, in the machine upon 
which itis mounted ; ferving to point or direct it for 

fhooting, and'to convey it from place to place. 

Wheel CangiaGe, One that is mounted and moved 
:about upon wheels. Horfes draw in general, to moft 
advantage, when the 
to the ground, or rather a little upwards, A carriage 
alfo goes cafielt when the centre of gravity is placed 
very high; fince then, when once put in motion,, it 
continues it with very litcke labour to the borfes. 

CARTES (Renp pes), one of the mott eminent 
. philofophers and mathematicians of the 17th century, 

or indeed of any age whatever. He was defcended of 

an ancient noble family in Touraine in France, being a 

younger fon of a counfellor in the parliament of Rennes, 

and was born March 31, 1596. His father gave him 
bi fo as he obferved in 
him the appearance of a promifing genius, ufng to 
call him the philofopker, on account of his infatiable 
curiofity in afkiny the reafons of every -thing that he 
did not underttand. ~~. 

Des Cartes was fent to the’ Jefnits college at La 
Fleche in 1604, and put onder the tuition of Father 
Charlet. Here he made a great progrefs in the learn- 
ed languages and polite literature ; but having ‘pafied 
through his courfe of philefophy without any great fa= 
tisfaGion to himfelf, he left the college in 1612, and 
began to learn military arts, to ride and fence, and 
other fuch like exerciles. -But notwithfanding his 
inclination to military, achievements, the weaknels of 
hjs conflitution not permitting him early to expofe 
hinsfelf to the fatigues of war, he was fent to Paris in 
1613. Here he formed an acquaintance with feveral 
learned perfons, who helped to reciaim him from his 
intention of declining his fudies, particularly Father 
Merfenne, whofe coaverfation revived in him a love 
for trath, and induced him to retire from the world to 
purfue his ftudies without interruption; which he did 
for two years: but in May 1616, at the repeated foli- 
citations of his relations, he fet out for Holland, and 
entered as a vclunteer under the Prince of Orange. 

Whilt he lay in garrifon at Breda, during. the truce 
between theSpanifh and Dutch, an unknown perfon 
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caufed a problem’ in mathematics; in the Dutch Jan- 
guage, to be fixed up in the ftreets: when Des Cartes, 
feeing a concourfe of people fop to read it, defired 
one who ftood near him to explain it to him in Latin 
or French. The perfon promifed to fatisfy him, upon 
condition that he would engage to refolve the pro- 
blem; and Des Cartes agreed to the condition with 
fach an air, that though he little expefted fuch a thing 
from a young military cadet, he gave him his ad- 
drefs, defiring he would bring him the folution. Des 
Cartes next day vifited Beekman, principal of the colss 
lege of Dort, who was the perfon that had tranflated 
the problem to him. Beekman was farprifed ‘at his 
having refolved it in fuch a Short time; but his 


wonder was much increafed, to find, in the courfe of ~ 
converfation, that the young man’s knowledge was 


much fuperior to his own in thofe fciences, in which 
he had employed his whole time for feyeral years. 
Doring his itay at Breda, Des Cartes wrote in Latin 
a treatife on Mufic, and laid the foundation of feveral 
of his other, works. _ . 

In 1619, he entered himfelf a volunteer in the’army 
of the duke of Bavaria. In 1621, he made the cam- 
paign in Hungary, under the count de Bucquoy 5 but 
the lofs of his general, who was killed at a fiege that 
year, determined him to quit the army. He foon af- 
ter began his travels into the north, and vifited Silefia, 
Poland, Pomerania, the courfe of the Baltic, Bran- 
Weft Friefland ; 


in his paffage to which laft place he was in danger of 


being murdered The failors fancied he was a mer~ 
about him; and - 


chant, who had a large fum of money 
perceiving that he wasa foreigner who had little ac- 
quaintance in the country, and a man of a mild difpoe. 
fition, they refolved to kill him, and throw his body 
into the fea. They even difcourfed of their defign be- 
fore his face, thinking he underftood no language bat 
French, in which he always fpoke to his fervant. Des 
Cartes fuddenly itarted up; and drawing his fword, 
fpoke ta them in their own language, in fuch a tone as 


. ftruck terror into them ; upon which they behaved very 


civilly. The year following he went to Paris, where 
he cleared himfelf from the imputation of having been 
received among the Roficrucians, whom he coniidered 
as a company of vifionaries and impottors. 

Dropping the fludy of mathematics, he now applied 
himfelf again to ethics and natural philofophy. ‘he 
fame year he took a journey through Switzerland to 
Italy. Upon his retarn he fettled at Paris; but his 
ftudies being interrupted by frequent vifits, he went in 
1628 to the fiege of Rochelle. He returned to Paris 


in November; but in the following fpring he repaired . 


to Amiterdam ; and from thence to a place near Frane- 
ker in Friefland, where he began his Metaphyfical 
Meditations, and jpent fome time’ in Dioprrics; 
about this time too he wrote his thoughts upon Me- 
sear, After about fix months he returned to Amiter-, 
jam. 3 

Des Cartes imagined that nothing could more pro- 
mote the temporal felicity of mankind, than the union 
of natural philofophy with mathematics. But before 
he fhould fet himfc}f to relieve men’s labours, or mul- 
tiply the conveniencies of life by mechanics, he thought 
it neceflary to difcover fome means of fecuring the hu- 
a aes : - man 


. * Treatife of Mechanics.” 
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man body from difeafe and debility: this led him to 
the ftudy of anatomy and chemiftry, in which he em- 
ployed the winter at Amiterdam. 


He now, viz, about 1630 or 1631, took a fhort 


tour to England, and made fome obfervations near 
London on the variation of the compas. Jn the fpring 


of 1633 he removed to Deventer, where he completed . 


feveral works that were left unfinifhed the year before, 
and refumed his ftudies in aftronomy. In the fummer 
he put the aft hand to his “ Treatife of the World.” 
The next year he returned to Amilerdam 5 but foon af- 
ter took a journey into Denmark, and the lower parts 
ofGermany. In autumn 1635 he went to Lewardenin 
Friefland, where he remained till 1637, and wrote his 
The fame year he pub- 
lihhed his four treatifes concerning Method, Dioptrics, 
Meteors, and Geometry. About this time he received 
an invitation to fettle in England from Sir Charles Ca- 
vendith, brother to the earl of Newcaftle, with which 
he did not appear backward to comply, efpecially upon 
being affured that the king was a catholic in his heart: 
but the breaking out of the civil wars in this country 
prevented his journey. ‘ 


At the end of 1641, Lewis the 13th, of France, 


invited. him to his court, upon very honoarable terms 5 
but he could not be perfuaded to quit his retirement. 
This year he publifhed his Meditations concerning the 
Exiftence of God, and the Immortality of the Soul. 
In 1645 he again applied to anatomy ; but was a little 
diverted from this ftudy, by the queftion concerning the 
Quadrature of the Circle, which was at that time agi- 
tated. During the winter of the fame year he com= 
pofed a fmall tra& againft Gaffendus’s Inftitutes ; and 
- another on the Nature of the Paflions. About this 
“ time he carried on an epiftolary correfpondence with 
the princefs Elizabeth, daughter to Frederick the sth, 


 ele€tor palatine, and king of Bohemia, who had been. 


his pupil in Holland. 

A difpute arifing between Chriftina, queen of Swe- 
den, and M. Chanut, the refident of France, concern- 
ing the following queftion ; When a man carries love 


or hatred to excefs, which of thefe two irregulaties is‘~ 


the wort? The refident fent the queftion to Des 
Cartes, who upon that occafion drew -up the differta- 
tion upon Love, that is publifhed in the firft volume of 
his letters, which proved highly fatisfaftory to the 
queen. fn June 1647 he took a journey to France, 
where the king fettled on him a pention of 3000 livres 5 
but he returned to Holland about the end of Septem- 
ber. | In November he received a letter from Mr. Cha- 
nut, in queen Chriftina’s name, defiring his opinion of 
the fovereign good; which he accordingly fent her, 
with fome letters upon the fame fubjeét formerly writ- 


ten to the princefs Elizabeth, and his treatife on the ~ 
- manner of reafoning. 


Paffions, . The queen was fo highly pleafed with them, 
that the wrote hima letter of thanks with her own 
hand, and invited him to come to Sweden. He arrived 
at Stockholm in O&. 1648. The queen engaged him 
. to attend her every morning at five o’clock, to inftruct 
her in his philofophy 5 and defired him to revife and di- 
gett all his unpablifhed writings, and to draw up from 
them a complete body of philofophy. She purpofed 
alfo to fix him in Sweden, by aliowing him a revenue 
of 3c00 crowns a. year, with an eflate which thould 
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defcend to his heirs and affigne for ever; and-to efla- 
blith an academy, of which he was to be the director, . 
But thefe defigns were fruftrated by his death, which ~ 
happened the 11th of Feb, 1650, in the 54th year of 
his age. His body was interred at Stockholm: but 17 


* years after it was removed to Paris, where a magni- 


ficent monument was ereéted to him in the church of 


Genevieve du Mont. 
As to the charaéter of our author: 


2 Dr, Barrow in his Opu/eula tells us, that Des Cartes 


was doubtlefs a very ingenious man, and a real philofo- 
pher, and one who feems to have brought thofe affit- 
ances to that part of philofophy relating to matter and 
motion, which perhaps no one had done before: namee 
ly, a great {kill in mathematics; a mind habituated, 
both by nature and cuftom, to profound meditation; 
a judgment exempt from all prejudices and popular 
errors, and furnifhed with a good number of certain 
and fele@ experiments; a great deal of leifure ; an en- 
tire difengagement, by his own choice, from the read~. 
ing of ufelefs books, and the avocations of life; with 
an incomparable acutenef$ of wit, and an excellent ta- 
lent of thinking clearly and diftin@ly, and of exprefling 
his thoughts with the utmott perfpicuity. 

Dr. Halley, ia a paper concerning Optics, communi- 
cated to Dr. Wotton, and publifhed by the latter in: 
his «* Refiegtions upon Ancient and Modern Learning,” 
writes as follows: As to dioptrics, though fome of the 
ancients mention refraétion, asa natural effect of tranf- 
parent media; yet Des Cartes was the firft, who in this 
age has difgovered the laws of refraction, and brought 
dioptrics to a fcience. 

Dr. Keil, in the introduétion to his « Examination 
of Dr. Burnet’s Theory of the Earth,” tells us, that . 
Des Cartes was fo far from applying geometry and ob- 
fervations to natural philofophy, that his whole fyf- 
tem is but one continued blunder on account of his neg« 
ligence in that point; which he could eafily prove; 
by fhewing that his theory of the vortices, upon which 
his fyftem is founded, is abfolutely falfe, for that New- 
ton has fhewn that the periodical times of all bodies, 
that {wim in vortices, mult be directly as the {quares 
of their diftances from the centre of them: buat ic is 
evident from obfervations, that the planets, in moving 
round the fun, obferve a law quite different from this 3 
for the fquares of their periodical times are always as the: 
cubes of their diftances: and therefore, fince they do 
not obferve that law, which of neceflicy they muft if 
they {win ina vortex, itisa demonttration that. there 
are no vortices in which the planets are carried round. * 
the fan. 

«« Nature, fays Voltaire, had favoured Des Cartes 
with a ftrong and clear imaginatoin, whence he became 
a very fingular perfon, both in private life, and in his 
‘This imagination could not be 
concealed even in his philofophical writings, which are 
every where adorned witir-very brilliant ingenious me- 
taphors. Nature had ahaéf made hima poet; and in- 
decd he wrote a picce of poctry for the egtertainment of 
Chrifina, queen of Sweden, which however. was fup- 
preffed*in honour of bis memory. He extended the 
limits of geouictry as far beyond: the place where he 
found them, ag Newton did after him; and firit taught 
the method oftxprefiing curves by ‘equations, - Fle ap- 

ae ees a8 “plied. 
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plied this geometrical and inventive genius to dioptrics, 
which when treated by him became anew art; and if 
he was miftaken in fome things, the reafou is, that a 
man who cilcavers a new trad of land, caunét ar once 
know all the properties of the foil. Thofe who come 
atter him, and make thefe Jands fruitful, are at leaft 
obliged to him for the difeovery.”? Voltaire acknow- 


ledges, that there are innumerable errors in the reft of . 
Des Cartes’ works; bat adds, that geometry was a 


-guide which he himfeif had in fome meafure forméd, 
and which would have fafely conducted him through 
the feveral paths of natural philofphy: neverthelefs 
he had at lait abandoned this puide, and gave entirely 
into the humour of framing hypothefes ; and then phi- 
lofophy was ne more than an ingenious romance, fit 
oaly to amufe the ignorant. 3 

It has been pretty generally acknowledged, ‘that he 
borrowed his improvements in Algebra from Harriot’s 


" vtrtis enaljtice Praxis s which is highly probable, as 


he was in England about the time when Harriot’s 
book was publithed, and as he follows the manner of 
Harriot, except in the mefhod of noting the powers. 
Upon this. head the following anecdote is told by Dr. 
Pell, in Wallis’s Algebra, pa. 198. Sir Charles Caven- 
ith, then refident in Paris, difcourfing there with M. 
Roberval, concerning Des Cartes’s Geometry, then late- 
Sy poblithed: Tadmire, faid Roberval, that method in 
Des Cartes, of placing all the terms of the equation on 


_ one fide, making the whole equal to nothing, and how . 


he lighted upon it. The reafon why you admire it, 
faid Sir Charles, is becaufe you are a Frenchman ; for 
if you were an Englithman, you would not admire it. 
Why fo? -atked Roberval. Becaufe, replied Sir Charles, 


.we in Tingland know whence he had it; namely, 


from Harriov’s Algebra. What book is that? fays 
Roberval, I never faw it, Next time you come to my 
chamber, faith Sir Charles, I will fhew it to you. 
Which a while after he did: and upon perufal of it, 
Roberval exclaimed with admiration, 1/ 2a vu! illa 
wal He bad feen it! he had feen it? finding all that in 
Harriot which he had before admired in Des Cartes, 
and not donbting bat that Des Cartes had it from 
thence, See alfo Montucla’s Hiftory of Mathematics. 

‘The real improvemest of Des Cartes in Algebra and 
Geometry, [ have pirticularly treated of under the ar- 
ticle ALceura; and his philofophical doetrines are 
difplayed in the article Carressan Philofophy, here 
following: He was never married, but had oue natu- 
ral daugister, who died when the was but five years old. 
Vhere have been feveral editions of his works, and 
commentaries upon them ; particularly thofe of Schoo- 
ten on his Geometry.i : 

CARTESIAN Philofaphy, or Cartefianifn, the fyem 
of philofophy advanced by Des Cartes, and maintaine 
by his followers, the Cartefians. ax . 

‘The Cartefian philofophy is founded on two great 
Principles, the one metaphyfical, che. other phyfical. 
The metaphyfical one is this: I-¢hind, therefore J am, 
er Texi#: the phylicat principle is, that zothing exifts 
but fichftances. Subilance he makes of two kinds ; the 


one a fubftance that thinks, the otker a fubitance ex- _ 


tended: fo that actual thought and xétual extenfion 
make the effvnce of fubftance. ‘ 
Whe effeace of inatter being thus fixed in extenfion, 
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Des Cartes concludes that there is no vacaum, nor any 
pofitbility of it in nature ; but that the univerfe is ab- 
folutely full: by this principle, mere {pace is quite ex-. 
cluded ; for extenfion being implied in the idea of {pace, 
matter is fo too. 

Des Cartes defines motion to be the tranflation of a 
body from the neighbourhood of others that are in 
contact with it, and confidered as at reft, to the 
neighbourhood of other bodies: by whic’ he deftroys 
the diftinftion hetween motion that is abfolete or real, 
and that which is relative or apparent. He maintains 
that the fame quantity of motion is always preferved in 
the univerfe, becaufe God mutt he fuppofed to aX in 
the molt conftant and immutable manner. And hence 
alfo he deduces his three laws of motion. See Motion. » 

Upon thefe principles Des Cartes explains mechani- 
cally how the world was formed, and how the prefent » 
phenomena of nature came toarife. He fappofes that 
God created matter of an indefinite extenfion, which 
he feparated into {mall fquare portions or maffes, full 
‘of angles: that he impreffed two motions on this mat- 
ter; the one, by which each part revolved about its 
own Centre ; and another, by which an affemblage,. or 
fyftem of them, turned round a common centre. lrom 
whence arofe as many different vortices, or eddies, as 
there were different maffes of matter, thus moving 
about common centres. 

The confequence of thefe motions in each vortex, 
according to Des Cartes, is as follows: ‘The parts of 
matter could not thus move and revolve amongit one 
another, without having their angles gradually broken 5 
and this continual frigtion of parts and angles muft pro- * 
duce three elements: the firft of thefe, an infinitely 
fine duft, formed of the angles broken off; the fecond, 
the fpheres remaining, after all the angular parts are 
thus removed; and thofe particles not yet rendered | 
fmooth and {pherical, but ftill retaining fome of.their 
angles, and hamous parts, from the third element, 

Now the firtt or fabtileft element, according to the laws 
of motion, mult occupy the centre of each fyftem, or 
vortex, by re fon of the fmallnefs of its parts: and this: 
isthe matter which conftitutes the fun, and the fixed 
fiars above, and the fire below. ‘The fecond element, 
made up of fpheres, forms the atmofphere, and all the 
matter between the earth and the fixed ftars; in fuch 
fort, that the largeft {pheres are always next the cir-. 
cumference of the vortex, and the fmalleit next its cen- 
tre. The third element, formed of the irregular parti- 
cles, is the matter that compofes the earth, and all terref= 
trial bodies, together with comets, fpots in the fun, &c. 

He accounts for the gravity of terreftrial bodies from 
the centrifugal force ef the cther revolving round the 
earth: and upon the fame general principles he pre- - 
tends to explain the phenomena of the magnet, and to 
account for all the other operations in nature, . 

CARY (Roserr), a learned Englith chronologer 
and divine, was born at Cockington, in the county of 
Devon, about the year 1615. He took his degrees in 
arts, and LL.D. in Oxford, After reterning from 
his travels he was prefented to the reétory of Portle- 
mouth, near King {bridge in Devonfhire: bit not long 
after he was drawa over by the prefbyterian minifters ta 
their party, and chofen moderator of that part of the 
fecond divifion of the copnty of Devon, which was ap- 
pointed 
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pointed to meet at Kingfbridge. And yet, upon the 
reftoration of Charles the 2d, he was one of the firft to 
congratulate that prince upon his return, and foon 
after was preferred to the archdeaconry of Exeter; 
but from which he was however fome time afterward 
ejected. He fpent the reft of his days at his rectory at 
Portlemouth, and died in 1688, at 73 yearsof age. 
He publithed Palelogia Chronica, a chronological ac- 
count of ancienttime, in three parts. 
2, Apodidaétical ; 3, Canonical: in 1677. 

CASATI (Pav), a learned Jefuit, born at Pla- 
centia in 1617. He entered early among’the Jefuits; 
and after having tanght mathematics and divinity at 
Rome, he was fent into Sweden to queen Chriftina, 

_ .whom he prevailed on to embrace the popith religion, 
His writings are as follow: ° : 

1, Vacuum Profriptume—2. Terra Machinis mota— 
3. Mechanicarum, libri of0.—4. De igne Differtationes. 
—s. lagelis Difputatio Theology —6. Hydroftatica 
Differtationes.—7. Optica Difputationes. Ut is remark- 
able that he wrote this treatife on optics at 88 years of 
age, and after he was blind. He was alfo author of 
feveral books in the ltalian language. 

CASCABEL, the knob or button of metal behind 
the breech of a cannon, as a kind of handle by which 
to elevate and direct the piece; to which fome add the 
fillet and ogees as far as the bafe-ring. 

CASEMATE, or Cazemateé, in Fortification, a 

_ kind of vault or arch; of ftone-work, in that part of 

the flank of a baftion next the curtain; ferving as a 

“-pattery, to defend the face of the oppofite baition, 
and the moat or ditch, i : 

- The cafemate fometimes confitts of three platforms, 

one above another; the higheft being on the rampart; 

: though it is common to withdraw this within the baltion, 

The cafemate is alfo called the low place, and low 
flank, as being at the bottom of the wall next the 
ditch ; ‘and fometimes the retired flank, as being the 
part of the flank neareft the curtain, and the ceutre of 
the baftion. It was formerly covercd by an apaule- 
ment, or a maflive body, either round or fquare, which 
prevented the enemy from fecing within the batteries; 
whence it was alfo called covered faak.- . 

Jt is now feldom uted, becauie the batteries of the 
enemy are apt to bury the artillery of the cafemate in 
the ruins of the vault: befide, the great fmoke made 





‘by the difcharge of the cannon, renders it intolerable 


to the men, oo that, inftead of the ancient covercd 
cafemates, later engineers have contrived open ones, 
only guarded by a parapet, &c 

Casemarey is alfo uied for a well with feveral fub- 
terraneous branciics, dug in the pailage of the baftion, 
tillthe miner is heard at work, andair given ‘o the mine. 

CASERN®», or Cazgans, in Fortification, fmall 
rooms, or huts, ereéted between the ramparts and the 
houfes of fortited towns, or even on the ramparts them- 
felves; to ferve as lodgings for the foldiezs on imme~ 
diate duty, to eafe the garriion. . 

CASE-Saor, or Cannist £8-SROT, are a number 
of fmall-balls put into_a round tin cannifter, and fo fhot 
out of great guns, Thefe have fuperfeded, and been 
feb‘tituted initead of the grgpe-fhot, which have been 
laid afide. 2 =O pecan ee 

SASSINT (Jonw Dominic), an eminent aitrono- 
You fh E eae 


{ 249 J 


them in a college of Jefuits at Genoa. . 
_ common tern for Latin poetry, which he exercifed fo 


1, Didaétical ; 


immediately made the 


C’AS 
met, was born of noble parents, at a town in Piedmont 
in Italy, June 8, 1625. After laying a proper foun- 


dation in his ftudies at home, he was fent to continue 
He had an un- 


very early, that fome of his poems were publifhed when 
he was but it yearsold. At length he met with books 
of aftronomy, which he read, with great eagernefs. 
Purfuing the bent of his inclinations in this way, in a 
fhort time he made fo amazing a progre(s, that in 1650 
the fenate of Bologna invited him to be their public 
mathematica! profeffor. .Caflini was but 25 years of 
age when he went to Bologna, where he taught mathe- 
Mmatics, and made obfervations upon the heavens, with 
great care and aifiduity. In 1652 a comet appeared, 
which he obferved with great accuracy; and he difco~ 
vered that comets were not bodies accidentally gene- 
rated in the atmofphere, as had been fuppofed, but of 
the fame nature, and probably governed by the fame 
laws, as the planets. ‘Ihe fame year he refolved an 


aftronomical problem, which Kepler and Bulliald had _ 


given up as infolvable; viz, to determine geometrically 
the apogee and eccentricity of a planet, from its true 


and mean place.—In 1653, when a church in Bologna ° 


was repaired and enlarged, he obtained leave of the fe~ 
nate to correét and fettle a meridian line, which had 
been drawn by an aftronomer in 1575.—In 1657 he 
attended, as an afliftant, a nobleman, who was fent ta 
Rome to compofe fome differences, which had arifen: 


between Bologay and Ferrara, from the inundations of - 


the Po; and he fhewed fo, much fkill and judgment ia 
the management of the affair, that in 1663 the pope’s 
brother appointed him infpector genergl of the fortift- 
cations of the caftle of Urbino; and he-had afterward 


committed to him. the care of all the rivers in the ec- 


clefiaftical fate. 

Mean while he did not negleét his aftronomical ftn- 
dies, but cultivated them with great care. He made 
feveral difvoveries relating to the planets Mars and Ve- 
nus, particularly the revolution of Mars upon his own 
axis: but the point he had chiefly in view, was tq fettle 
an accurate theory of Jupiter’s fatellites ; which, after 


touch Jabour and obfervation, he happily effected, and - 


pubdlithed it at Rome, among other aftronomical pieces, 
in 1666, y 
Picard, the French aftronomer, getting Caffini’s 
tables of Jupiter’s fatellites, found them fo very exact, 
that he conceived the highest opinion of his fkill; and 


from that time his fame increafed fo faft in France, that’ 


the government defired to have him a member of the 
academy. Caflini however could not leave his flation 


without leave of his {uperiors; and therefore the king, - 


Lewis the 14th, requelted of the pope and the fenate 
of Bologna, that Caflini might be permitted to come 
into France. Leave was granted for © ycars; and he 
came to Paris in the beginuing of 1669, where he was 
ing’s aftronomer, When this 
term of 6 years was near cxpiring, the pope and the 
fenate of Bologna infilled upon his return, on pain of 
forfeiting his revenues and emoluments, which had 
hitherto been remitted to him: but the minifter Col- 
bert prevailed on him to Ray, and he was naturalize J 
in 1673; the fame year alfo in which he was married, 
The Re ee ef Paris had been fnifhet 


forme | 
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fome time. ‘The occafion of its being built was this: 
Jn 1638, the celebrated Merfenne was the chief inftitu- 
‘tor and promoter of a faciety, where feveral ingenious 
and learned men met together to talk upon phyfical” 
and aftronomical tubjeéts ; among whom were Gaffend, 
Defcartes, Monmort, Thevenot, Bulliald, our country- 
man Hobbes, &c: and this fociety was kept up by a 
fucceffion of learned men for many years. Atlength the 
government confidering that a number of fuch men, 
adting in a body, would fucceed much better in the pro- 
motion of fcience, than if they adted feparately, each 
in his particular art or province, eftablifhed under the 
direction of Colbert, in 1666, the Royal Academy of 


Sciences; and for the advancement of aftronomy in ~ 


particular, ereted the Royal Obfervatory at Paris, and 
furnished it with all kinds of iaftraments that were ne+ 
ceflary to make obfervations. The foundation of this 
noble pile was laid in 1667, and the building completed 
in 1670. OF this obfervatory, Caffini was appointed 
to be the firft inhabiter ; which he took poflefion of in 
Sept. 1671, when he fet himfelf with fresh alacrity to 
attend the duties of his profeition, In 1672 he éndea~ 
youred to determine the parallax of Mars and the fan: 
and in 1677 he proved that the diurnal rotation of Ju- 
piter round his axis was performed in g hours 58 mi- 
nutes, from the motion of a fpot in one of his larger 
belts: alfo in 1584 he difcovered four fatellites of Sa- 
turn, befides that which Huygens had found out. In 
3693 he publifhed a new edition of his ** Tables of Ju- 
piter’s Satellites,” corrected by later obfervations. In 
1695 he took a journey to Bologna, to examine the 
meridian line; which he had fixed there in 16553; and 


-Ne thewed, in the prefence of eminent mathematicians, - 


that ic had-not varied in the leaft, during that 40 years. 
In'1700 he continued the meridian line through France, 
which Picard bad begun, to the very fouthern limits of 
that country. : zs 

After our author had refided at the royal obfervatory 
for more than 40 years, making many excellent and 
ufeful difcoveries, which he publifhed from time to 
time, he died September the 14th, 5712, at 87 years 
of age; and was fucceeded by his only fon James 
Caffini. His publications were very numerous, far too 
much fo, even to be enumerated in this place. i 

CASSINI (James), acelebrated French aftronomer, 
and member of the feveral Academies of Sciences of 
France, England, Proffia, and Bologna, was bornat Paris 
Feb, 48, 1677, being the younger fon of John-Domi- 
nic Caffini, above mentioned, whom he fucceeded as 
attronomer at the royal obfervatory, the elder fon hav- 
‘ing loft his life at the battle of La Hogue. 

After his firit ttudies in his father’s hoafe, in which 
it is not to be fuppofed that mathematics and aftrono- 
my were neglected, he was fent to ttudy philofophy at 
the-Mazarine college, where the cclebrated Varignon 
was then profeffor of mathematics; from whofe affiftance 
young Cafiini profited fo well, that at 15 years of age 


. he fupported a mathematical thefts with great honour. 


and other meafurements. 
jhmilar operations in a journey into Mollaad, where ke | 


At theage of 17 he was admitted a member of the 
Academy of Sciences; and the fame year he accom- 


-panied his father in his journey to Italy, where he af 


difted him in the verification of the meridian at Bologna, 
On his return he- made other 
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difcovered fome errors in the meafure of the earth by 
Snell, the refule of which was communicated to the 
Academy in 1702. He made alfo a vifit to England 
in 1696, where he was made a member of the Royal, 
Society-—In 1712 he fucceeded his father as aftrono- 
mer royal at the obfervatory.—In 1717 he gave to the 
Academy his refearches on the diftance of the fixed 
ftars, in which he thewed that the whole annual orbit, of 
near 200 million of miles diameter, is but as a point in 
comparifon of thatdiftance, ‘fhe fame year he commu~ 
nicated alfo his difcoveries concerning the inclination of 
the orbits of the fatellites in general, and efpecially of 
thofe of Saturn’s fatellices and ring.—In 1725 he un- 
dertook todetermine the caufe of the moon’s libration, 
by which the thews fometimes a little towards one fide, 
and fometimes a little on the other, of that haif which 
is commonly behind or hid from our view. ; 

In 1732 an important queftion in aftronomy exer- 
cifed the ingenuity of our author. His father had de- 
termined, by his obfervations, that the planet Venus re- 
volved about her axis in the {pace of 23 hours: and M/ 
Bianchini had publifhed a work in 1729, in which he 
fettled the period of the fame revolution at 24 days 8 
heurs, From an examination of Bianchini’s obferva- 
tions, which were upon the fpots in Venus, he dif. 
covered that he had intermitted his obiervations for the 
fpace of 3 hours, from which caufe he had probabl: 
miitaken new fpots for the old ones, and fo had been led 
into the miflake. He foon afterwards determined the 
nature and quantity of the acceleration of the motion 
of Jupiter, at halfa fecond per year, and of that of the 
retardation of Saturn at two minutes per year; that 
thefe quantities would go on increafing for 2000 years, 
and then would decreafe again. —In 1740 he publifhed 
his Aftronomical Tables; and his Elements of Aftrae 
nomy ; very extenfive and accurate works. 

Although aftronomy was the principal obje@ of our 
author’s confideration, he did not confine himfelf abfo- 
lutely to that branch, but made occafional excurfions 
into other fields, We owe alfo to him, for example, 
Experiments on Eleétricity, or the light produced by 
bodies by fri€tion. kxperiments on the recoil of fire 
arms; Refearches on the rife of the mercury in the ba~ 
rometer at different heights above the level of the fea ; 
Refletions on the perfecting of burning-glaffes ; and. 
other memoirs. 4 - 

The French Academy had properly judged that one 


of its moft important objects, was the meafurement of | 


the earth.. In 1669 Picard meafured a little more than 
a degree of latitude to the north of Paris; but as that 


_ extent appeared too {mall from which to conclude the 


whole circumference with fuflicient accuracy, it was re- 


folved to continue that meafurement on the meridian of © 


Paris to the north and the fouth, through the whole ex- 
Accordingly, in 1683, the late M. 
de la Hire continued that on the norch fide of Paris, and 
the older Caffini that on the fouth fide. The latter was 
affited in 1700 in the continuation of this operation 
by his fon our author. The fame work was farther 


continued by the fame Academicians; and finally the ° 


part left unfinifhed by de ja Hire in the north, was 


finifhed in 1718 by our author, with the late Maraldi, 
and de la Hire the younger. 


‘ 
Thefe operations produced a confiderable degree of - 


precifion. 
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precifion. It appeared alfo, from this meafured extent 
of 6 degrees, that the degrees were of different lengths 
in different parts of the meridian; and in fuch fort that 
our author concladed, in the volume publithed for 1718, 
that they decreafed more and more towards the pole, 
and that therefore the figure of the earth was that of an 
oblong fpheroid, or having its axe longer than the equa- 
torial diameter. He alfo meafured the pgrpendicular 
to the fame meridian, and compared the meafured dif 
tance with the differences of longitude, as before deter- 
mined by the eclipfes of Jupiter’s fateilites; from whence 
he concluded that the length of the degrees of longitude 
was fmaller than it would be on a {phere; and that 
therefore again the figuré Of thé Caiin was an oblong 
{period ; contrary to the determination of Newton by 
the theory of gravity. In confequence of thefe afler- 
tions of our author, the French government fent two 
different fets of meafures, the one to meafure a degree 
at the equator, the other at the polar circle; and the 
comparifon of the whole determined the figure to be an 
oblate {fpheroidy contrary to Caffini’s determination. ~ 








. After a long and laborious life, our author James 
* Caffini loft his life by a fall in April 1756, in the 8oth 

year of his age, and was fucceeded in the Academy and 

Obfervatory by his fecond fon Cefar-Frangois de Thury. 

He publithed, A Treatife on the Magnitude and Figure 

of the Earth; as alfo The Elements or ‘Theory of the 

Planets, with Tables; befide an infinite number of pa~ 
:. pers in the Memoirs of the Academy, from the year 
1699 to 175% ae 


. CASSINI ps THury (Cesar-Francots), a cele- 
brated French aftronomer, direétor of the obfervatory, 
penfioner aftronomer, aud member of moft of the learn- 
ed focieties of Europe, was born at Paris June 17, 
1714, being the fecond fon of James Caflini, whofe oc- 
cupations and talents our author inherited and fop~ 
ported, with great honour, He received his frit leffons 
in aftronomy and mathematics from MM. Maraldi and 
Camus. He was hardly 10 years of age when he cal- 
culated the phales of the total eclipfe of the fun of 1727. 
At the age of 18 he accompanied his father in his two 
journies undertaken for diawing the perpendicular to 
the obfervatory meridian from Strafbourg to Breft. 
From that time a general chart of France was devifed ; 
for which purpofe it was neceflary to traverfe the coun- 
try by feveral lines parallel and perpendicular to the 
meridian of Paris, and our author was charged with 
the conduét of this bufinefs. 
felf with the mezfure of adegree by Picard: fufpedting 
even that the meafures which had been taken by his 
father and grandfather were not exempt from fome er- 
rors, which the imperfections .of their inflruments at 
Yeaft would be liable to, he again undertook to meafure 
the meridisn at Paris, by means of a new feries of tri- 
angles, of a fmaller number, and more advantageoufly 
difpofed. This great work was publifhed in 1740, 
with a chart fhewing the new meridian of Paris, by two 
different feries of triangles, paffing along the fea coatts, 
to Bayonne, traverfing the frontiers of Spain to the 
Mediterranean and Antibes, and thence along the eaft- 
em limits of France to Dunkirk, with parallel and per- 
pendicular lines defcribed at the diltance of 6000 toifes 
from one another, from fide to fide @f the country.—-In 


ea 


He did not content him- ° 


-defcent in that honourable Ration. 
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1735, he Had been received into the academy as adjoint 
fupernumerary at 21 years of age. "S 
“A tour which our author made in Flanders, in com~- 
pany with the king, about 1741, gave rife to the parti- 
cular chart of France, at the inflance of the king. Caf- 
fini publifhed different works relative to thefe charts, 
and a great number of the fheetsof the charts themfelves. 
* In 1761, Cailini undertook an expedition into Gers 
many, for the purpofe of continuing to Vien; the , 
perpendicular of the Paris meridiap ; to unite the tri- 
angles of the chart of France with the points taken in 
Germany :.t@ prepare the means of extending into this 
country the fame plan as in France; and thus to efta- 
blith fucceffively for all Europe a moft ufeful uniformi- 
ty. Our author was at Vienna the 6th of June 1761, 
the day of the tranfit of the planet VEnus over the fun, 
. of which he obferved as much as the flate of the weather 
would permit him'to do, and publithed. the account of 
cit in his Voyage en Allemagne. 

Finally, M. Caffini, always meditating the perfeétion 
of his grand defign, profited of the late peace to pro- 
pofe the joining of certain points taken upon the Englifh 
coaft with thofe which had been determined on the coaft 
of France, and thus to conneét the general chart of the *~ 
Jatter with that of the Britith ifles, like as he had be- 
fore united -it with thofe of Flanders and Germany. 
The propofal was favoutably received by. the Englith 
government, and prefently carried into cffect, under the 
direftion of the Royal Society, the execution being 
committed to the late General Roy; after whofe death 
the bufinefs was for fome time fufpended ; but it has 
lately been revived under the aufpices of the duke of 
Richmond, Mafter Genera) of the Ordnance, and the 
execution committed to the care of Col. lidward Wil- 
liams and Captain William Mudge, both refpeatable of- 
ficers of the Artillery, and Mr. [aac Dalby, who had . 
before accompanied and affifted General Roy; from 
whofe united {kill and zeal the happielt profecution of 
this bufinefs may be expected. 

M, Caffini publifhed in the volumes of Memoirs of 
the French Academy, a prodigious number of pieces, 
Chiefly aftronomical,: too numerous to particularize in 
this place, between the years 1735 and 1770 confilting 
of aftronomical obfervations and queftions; among 
which are obfervable, Refearches concerning the Paral- 
lax of the fun, the moon, Mars, and Venus; On aftro~+ 
nomical refraétions, and the effect caufed in their quan- 
tity and laws by the weather; Numerogs obfervations 
on the obliquity of the ecliptic, and on the law of its 
variations. In fhort, he cultivated aftronomy for 50 
years, of the moft important for that fcience that ever 
élapfed, for the magnitude and variety of objets, in 
which he commonly fuftained a principal thare, ’ 

M. Caffini was of a very ftrong and vigorous contti-, 

. tation, which carried him through the many laborious 
operations in geography and aftronomy which he cons 
duéted. An habitual retention of urine however ren- 
dered the laft 12 years of his life very painful and dif 
trefling, till it was at length terminated by the fmall-pox. 
the 4th'of September 1784, in the 711k year of his age; 
being fueceeded in the academy, and as direstor of the. 

_obfervatory, by his-only fon the pretent count John- 
Dominic Caflini; who is the 4th in order by direQ, 
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~ CASSIOPETA, one of the 48 old conftellations, 
placed near Cepheus, not far from the north pole. The 
Greeks probably received this figure, as they did the 
reft, from the Egyptians, and in their fables added it 
to the family in the neighbouring part of the heavens, 
making her the wife of Cepheus, and mother of An- 
dromeda. They pretend the was placed in this fitua- 
tion, to behold the deftru€tion of her favourite daugh- 
ter Andronicda, who is chained juit by her on the 
_ fhore, to be devoured ; 2nd that as a punifhment for 

her pride and vanity in prefuming i& Stand the compa- 
rifon of beauty with the Nereids. * 

In the year 1572 there burft out all at once in thts 
conftellation a new ftar, which at firft furpaffed Jupiter 
himfelf in magnitude and brightnefs ; but it diminithed 
by degrees, till it quite difappeared at the end of 18 
months. This ftar alarmed all the aftronomers of that 
age, many of whom wrote differtations upon it; among 
the reft Tycho Brahe, Kepler, Maurolycus, Lycetus, 
Gramineus, and others. Beza, the Landgrave of Heffe, 
Rofa, and others, wrote to prove it a comet, and the 
fame that appeared to the Magi at the birth of Chrift, 
and that it came to declare his fecond coming: thefe 
were anfwerd by Tycho. 

The ilars in the conftellation of Caffiopeia, are in 
Prolemy’s Catalogue 13, in Hevelius’s 37, in Tycho’s 
46, and in Fjamiteed’s 55. 

' CASTOR, a moiety of the confellation Gemini ; 
called alfo Apollo. Alfo a ftar in this conftellation, 
whofe latitude, for the year 1700, according to Heve- 
lius, was 10° 4’ 20” north; and its longitude o 16° 

14%, 

CASTOR andPoruux. See Gemini. - . 

' CASTOR and Potux, in Meteorology, isa fier 
meteor, which at fea appears fometimes adhering to a 
part of the fhip, in the form of a ball, or even feveral 
balls, When one is fcen alone, it is properly called 
Helena; but two are called Caftor and Pollux, and 
fometimes Tyndarida. Sia 


By the Spaniards, Caftor and Pollux are called San “~ 


Elmo; by the French, St. Elme, St. Nicholas, St. 
Clare, St. Helene; by the Italians, Hermo; and by 
the Dutch, Vree Vuuren, 

The meteor Caftor and Pollux, it is commonly’ 
thought, denotes a ceffation of the ftorm, and a future 


calm ; as it is rarely feen till the tempeft is nigh {pent.* 


But Helena alone portends ill weather, and denotes 
the fevereft part of the ftorm yet behind. 

When the meteor adheres to the mafts, yards, &c. it 
is concluded, from the air not having motion enough 


to diffipate this fame, that a profound calm is at hand ;-- 


but if it flutter about, that it denotes a ftorm, 
CASTRAMETATION, the art, or a&, of en- 
Camping an army. : 
-CATACAUSTICS, or Catacaufic Curves, in the 


Higher Geometry, are the fpecies of cauttic curves 


formed by reflection. 

‘thefe curves are generated after the following man- 
ner: Jf there be an infinite number of rays AB, AC, 
AD, &c, proceeding from the radiating point A, and 
reflected at any given curve BCDH, fo that the 
engles of incidence be ftill equal to the angles of 
reflections then the curve BEG, to which the reficét- 
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ed rays BI, CE, DF, &c, are always tangents, as at 


the points 1, E, F, &c, is the catacaultic, or cauftic- 


by-refle@ion. Orit is the fame thing as to fay, that a 
cauftic curve is that formed by joining the points of 
concurrence of the feveral reflected rays. 





Some properties of thefe curves are as follow. If 
the refleéted ray IB be produced to K, fo thatA B 
es: BK, and thecurve K L be the evolute of the cau- 
ftic BEG, beginning’at the point K ; then the portion® 
of the caufic BEis—= AC —A'B +CE—EI, 
that is, the difference of the two incident rays added 
to the difference of the two reflected rays, : 

When the given curve BC D isa geometrical one, 
the cauftic will be fo too, and will always be reQifiable. 
The cauttic of the circle,*is a cycloid, or epicycloid, 
formed by the revolution of a circle upon a circle. 








Thus, ABD being a femicircle expofed to parallel 
rays; then thofe rays with fall near the axis CB wilk: 
be refle&ed to F, the middle point of BC; and thofe 
which fall at A, as they touch the curve only, will not 
be reflected at all; but any intermediate ray HI will 
be refle&ted to a point K, fomewhere between A and F. 
And fince every different incident ray will have a dif+ 
ferent focal point, therefore thofe various focal points 
will form a curve line AEF in one quadrant, and 
FGD in the other, being the cycloid above-men- 
tioned. And this figure may be beautifully exhibited 
experimentally by expofing the infide of a fmooth bow], 
or glafs, to the fun beams, or ftrong candle-light; for 


‘then this curve A EF GD wiil appear plainly deli- 


neated on any white furface placed horizontally within 
the fame, or on the ferface of milk contained in the bowl, 
‘The canftic of the comimon cycloid, when the rays. 
are parallel to its axis, is alfoa cormmon cycloid, de- 
feribed by the revolution of a circle upon the fame bafe. 
‘The cauftic of the logarithmic fpiral, is the fame curve, 
‘The principal writes on the cauftics, are l’Héfpital,. 
Carré, &c. See Memoires de l’Acad, an. 1666 & 1703. 
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CATACOUSTICS, or Caraphonics, is the {cience of pal ftar in any conttellation being denoted by the firtk 
yefleted founds; or that part of acouftics which treats. letter of the alphabet, the next ftar ia order by the 2d 


of the properties of echoes. 

CATADIOPTRICAL Telefeope, the 
fleCting telefcope; which fee. 

_ . CATALOGUE of the Stars, is a lift of the fixed 
ftars, difpofed according to fome order; in their feveral 
vonftellations ; with the longitudes, latitudes, right-af- 
cenfions, &c, of each. 

Catalogues of the ftars have ufually been difpofed, 
either as colledted into certain figures called conftella- 
tions, or according to their right afcenfions, that is the 
order of their pafling over the meridian. All the cata- 
logues, from the moft ancient down to Flamfteed’s in- 
clufively, were of the firft of thefe forms, or in conftel- 
lations: but moft of the others fince that have been of 
the latter form, as being much more convenient for 
mo purpofes. Indeed one has lately been difpofed 

’ in claffes according to zones or degrees of polar di 
tance. : 

Hipparchas of Rhodes firft undertook-to make a 
catalogue of the flars, about 128 years before Chrift ; 
in which he made ufe of the obfervations of Timocha- 
ris and Ariftyllus, for about 140 years before him. 
Prolomy retained Hipparchus’s catalogue, containing 
1026 fixed ftars in 48 conftellations, though he himfelf 
made abundance of obfervations, with a view to a news 
catalogue, an. dom. 140. Albategni, a Syrian, brought 
the fame down to his own time, viz, about the year- 
of Chrit $80. Anno 1437, Ulugh Beigh, or Beg, 
king of Parthia and India, made a new catalogue of 

“1022 fixed ftars, or aacording to fome 1016; fince 
tranflated out of Perfian into Latin by Dr. Hyde, in 
1665. ‘Che third perfon who made a catalogue of ftars 
from his own obferyations was Tycho Brahe, who de- 
termined the places of 777 ftars for the end of the, 
year 16003 which Kepler, from other obfervations of 
‘Tycho, afterwards increafed to the number of 1000 in 
the Rudolphine tables; adding thofe of Ptolomy and - 
other authors, omitted by Tycho; fo that his cata- 
logue amounts to above 1160, About the fame time, 

William, landgrave of Hefle, with his mathematicians 
Byrgics and Rothman, determined the places of 400° 
firs from new obfervations, rectifying them for the 
year 15933 which Hevelius prefers to thofe of Tycho, 
Ricciolus, in his Aftronomia Reformata, determined 
the places of 101 ftars for the year 1700, from his own 
obfervations : for the, reft he followed Tycho’s cata- 
logue ; altering it where he thought fit. Anno 1657 


. ; 
fame as Re- 


Dy. Halley, ia the ifland of St. Helena, obferved 350 - 


of the southern flars, not vifible in our horizon. ‘The 
fame labour was repeated by Father Noel in 1710, who 
publithed a new catalogue of the fame flars conitructed 
for the year 1687." Allo De la Caille,. at the Cage of 
Good Hope, made-accurate cbfervations of about 10 - 
thoufand itars‘near the fouth pole, in the years 1751 
and 17523 the catalogue of which was publithed. in 
the Memoirs of the French Academy of Sciences for 
the year 4752, and in {ome of his own works, as more _ 
parncularly noticed be:ow, 4 

Bayer, in his Uranometria, peblifhed in 1603 a ca-~ 
talogue of 1160 ftars, compiled chiefly from Piolomy 
and Vveho, in which every flar is marked with fome 
letter of the Greek alphabet 3 the brighteft or princi- 


letter, and fo on; and when the number of ftars ex- 
ceeds the Greek alphabet, the remaining -flars are 
maiked by the letters of the Roman alphabet ; which 
letters are preferved by Flamfteed in his catalogue, and 
by Senexon his globes, and indeed by moi aftrono- 
mers fince that time. 

In 1673, the celebrated John Hevelius, of Dantzick,. 
publithed, in his Machina Calefis, a catalogue of 1888 
fiars, of which 1553 were oblerved by himfelf; and * 
their places fet down for the end of the year 1650, 
But this catalogue, as it ftands in Flamfleed’s Aiforia 
Caleftis of 1725, contains only 1520 ftars. 

The moft complete catalogue ever given from the 
labours of one man, was the Britannic catalogue, com-~ 
piled from the obfervatious of the accurate and indefa- 
tigable Mr. Flamfeed, the firft Royat Aftronomer at 
Greenwich; who for a long feries of years devoted 
himfelf wholly to that bufinefs. As there waa nothing 
wanting either in the obferver or apparatus, hig may 
be confidered as a perfect work, fo far as it goes.~ It 


“is however to be regretted that the edition had now 


pafled thropgh his own hands: that now extant was \ 
publifhed by authority, but without the author’s cone 
fent, and contains 2734 ftars. “Another edition: was - 
publithed in 1725, purfuant to his teflament, containing 
3000 ftars, with their places adapied to the beginning, 
of the year 1689 3; to which is added Mr, Sharp’s ca- 
talogue of the fouthern ftars not vilible in our hemi+ 
fphere, fet down for the year 1726. See vol. 3 of his 
‘iforia Caleftis, in which are printed the catalogues Qf 
Ptolomy, Ulugh Beigh, Tycho, the Prince of Heffe, 
and Hevelius ; with an account of each of them in the 
Prolegomena. : 
» The firft catalogue we believe that was printed in 
the new or fecond form, according to the order of the. 
right afcenfions, is that of De la Caille, given in his 
Ephemerides for the 10 years between 1755 and 1765, 
and printed in 1755. ~It contains the right afcenlions 
and declinations of 307 flars, adapted to the beginning 
of the year 1750.—In 1757, De la Caille publithed his 
Afronsmie Fundamenta, containing a catalogue of the 
right afcenfions and declinations of 398 flars, likewile 
adapted to the beginning of 1750—And in 1763, the 
year after his death, was publithed the Caluna Aufrale. 
Svelliferum of the fame author ; containing a catalogue of 
the places of 1942 ftars, all fituated to the fouthward 


of the tropic of Capricora, and obferved by him while 


he was at the Cape of Good Hope, in 1751 and 1752 5, 
their places being alfo adapted to the beginning of 
1750.—In the fame year was publithed his Epheme-' 


~ rides for the :0 years between 1765 and 17753 in the in- 


troduction to which are given the places of 515 zodiacal 
ftars, all deduced from the obfervations of the fame au~ 
thor; the places adapted to the beginning of the year: 


1765. 


In the Nautical Almanac for 1773, is given a cata- 
loge of 387 fars, inright afcenfion, declination, longi- 
tude, and latitude, derived from the obfervations of the 
late celebrated Dr. Bradley, and adjufled to the begin- 
ning of the year. 1760, ‘This fall catalogue, and the 
refults of about 1200 obfervations.of the moon, are all. 
‘that the publi¢ have yet feen of the multiplied anes 

. aan aera! : i. 


CAT 
- of this moftaceurate and indefatigable obferver, although 
he has now (1794) been dead upwards of 32 years. 

In 1775 was peblithed a thin volume entitled Cpera 
Inedita, containing feveral papers of the late Tobtas 
Mayer, and among them a catalogue of the right af 
scenfions and declinations of 998 ftars, whick may be 

occulted by the moon and planets; the places being 
‘adapted to the beginnipg of the year 1750. 

‘At the end of the firit volume of ¢ Aftronomical 
Obfervations made ‘at the Royal Ob/ervatory at Green- 
wich, publithed in 1776, Dr, Mazelyne, the prefent 

. Aftronomer Royal, bas piven a catalogue of the piaces 

“of 34 principal ftars, in righ: afcenfion and north. polar 
diliance, adapted’ to the beginning of the year 1770. 
Thete being the refult of feveral years’ repeated ob- 
fervations, made with the utmoft care, and the beft in- 

~ ftruments, it may-be prefumed are exceedingly accu+ 
rate. . 

In 1782, -M. Bode, of Berlin, publifhed a very ex- 
tenfive catalogue of 5058 of the fixed itars, collected 
fromthe obfervations of Flamftced, Bradley, Hevelius, 
Mayer, De la Caille, Mefier, Monnier, D’Arquier, and 
other aftronomers ; all adapted to the beginning of the 

“2 year 17803 and accompanicu witha Cciefial Atlas, 
or fets of maps of the conftellations, engraved in a mo 
delicate and beautiful manner. : 

To thefe may be added, Dr. Herfchel’s catalogue 

~~ of double ftars, printed in the Philof. T'ranf. for 1782 

“and 17833 Meflier’s nebalw and cluiters of itars, pubs 
Yithed in the Connoiflance des Temps for 17843 and 
“Plerfchel’s catalogue of the fame kind, givén in the 
Philof. Tranf, for 1786. 

In 1789, Mr. Francis Wollafton publithed, * A Speci-. 
‘men of a General Aftronomical Catalogee, in Zones 
of North- polar Diftance, and adapted to Ai 1, 17g0! 
"Thefe ftars are colle@ted from all the catalogues before- 
mentioned, from that of Hevelius downwards. This 

work contains five diftin@ catalogues; viz, Dr. Maf- 
kelyne’s new catalogue of 36 principal flars; a general 
catalogue of all the flars, im zones of north-polar dif 
tance 5 an index to the general catalogue; 2 catalogue 
of all the ftars, in the order in which they pafs the me- 
ridian; and a catalogue of zodiacal ftars, in longitude 
and latitude. 

Finally, ia 1792, Dr. Zach publithed at Gotha, Ta- 
Buler Motaum Scl:s, to which is annexed a new catalogue 
of the principal fixed _itars, from his own obtervations 
made in the years 1787, 1788, 17%9, 1799. "This ca- 
talogue contains the right afcenfioas and declinations 
of 481 principal ftars, adapted to the beginning of the 

car 18cO. : 









CATAPULT, Catapula, a militry engine, much | 


afed by the ancients for throwing huge ftones, and 
fometimes large darts and javelins, 12, 15, oreven 18 
‘feet long, on the encray. It is fometimes confounded 
with the Balilta, which is more pecutirly adapted for 
throwing {ones 5. fome authors making them the fame, 
and o:heis different. 

‘The catapu!ta, which it is faid-was invented by the. 
Syrians, conited of two huge timbers, like maits of 


fhips, placed againit each other,'and bent by an engine - 


for the purpofe; thefe. being fuddenly unbent again 
by theritroke of a hammer, threw the javelins with 
prodigivus force. 
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ts itru€ture and the manner of,” 
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working it are deferibed by Vitravius; anda figure of 
it is alto given by Perrault. M. Folard afferts that the 


“catapult made infinitely more diforder in the ranks taan 


our cannon charged with iron halls. See Vitruve 
Archit. ib. x. cap. 15 and 185 and Perr. nores on the 
fame ; alfo Rivius, pa. §97- 

Jofephus takes notice of the farprifing effets of thefe 
engines, and fays, that the ftones thrown out of them, 
of a hundred weight or more, beat down the battle- 
ments, knocked the angles off the towers, and would 
Jevel a whole file of men from.one end to the otner, 
were the phalanx ever fo deep. 

See plate V, fig. gand 4, for two forms of the cata- 
pult, the one for throwing darts and javelins, tae other 
for ftones. Mere 

CATENARY, a curve line which a.chain, cord, 
or fuch like, forms itfelf into, by hanging freely from 
two points of fufpenfion, whether thefe be in the fame 
horizontal line or not; as the curve ACB, formed by 
a heavy flexible Jine fufpended by any two points 
A and B. aA 








‘The nature of this curve was fought after by Galileo 
who thought it was the fame with the parabola ; ‘but 
though Jungius detected this mittake, its true nature 
was not difcovered till the year 1691, in confequence 
of M. John Bernoulli having publifhed it as a problem 
in the A@ta Eruditorum, to he mathematicians of Eu- 
rope. In 1697 Dr. David Gregory publifhed an in- 
veitigation.of the properties before difcovered by Ber- 
noulli and Leibnitz; in which he pretends that an in- 
verted catenary is the belt figurt for an arch of a bridge 
&c. See Philof. Tranf. abr. vol. 1. p. 395 alfo Ber- 
noulli Opera, vol..1. p. 48, and vol. 3. pa. 4913 andj 
Cotes’s Harmon. Menfar. pa. 108, ~ . 

Thecatenary isacurve of the mechanical kind; and cane 
nov be exprefied by afinitealgebraical equation, in fimple’ 
terms of its abfcifs and ordinate; but is eably exprefied 
by means of fluxions; thus if AQ be its axis perpendicu- 
Jar to the horizon, and PQ_an ordinate parallel to the 
fame, or perp. to AQ; alfo pg another ordinate indefi-' 
nitely near the former, and po parailel to AQ; thea, 4 
being fome given or conftant quantity, the.fundamentak 
property of the curve is this, viz, Po: opi: APE 
a, ore: 332%: a@, that is, the fluxion of the axis, 
js to the fluxion of the ordinate, as the length of the 
curve is to the given quantity a; where x = AQ, y 
==PQ,andz= AP. This, and the other properties of 
the curve, will eafily appear from the following conii- 
derations: Firlt, (uppoting the curve hung up by its two 
points B and C againit a perpendicular or upright 
wall: then, every lower part of the curve being kept 
in its polition by the tenfion of that. which. is umme- 


diately above it, the lower parts of the curve will retain 


the fame. pofition unvaried, by whatever points it is fuf 
: See ie aieatchaie pemled 
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pended above; thus, if it were fixed to the wall by the 


Pik lee 


_ Print F, or G, &c, the whole curve CAR will remain | 


fut as it was; for the tenfions at F and G have the 
fame effc& upon the other parts of the curve as when 
it is fixed by thofe points: and hence it follows tiat 
the tenfion of the curve at the point A, in the horizon- 
tal dire@ion, is a conflant quantity, whether the two 
Tegs or branches of the curve, on both fides of it, be 
longer or fhorter: which conftant tenfion at-A let be 
denoted by the quantity a. 5 
Now becaufe any portion of the curve, as AP, is 
kept in its pofition by three forces, viz, the tenfions at 
its extremities A and P, and its own weight, of which 
the tenfion at A aéts in the direétion AH or po, and 
the tenfion at P aéts in the direftion Ps, and the wt. 
of the line aéts in the perpendicular direétion oP; that 
is, the three forces which retain the curve AP in its 
pofition, actin the dire€tions of the fides of the elemen- 
tary triangle op?; but, by the principles of mechanics, 
any three forces, keeing a body in equilibrio, are pro- 
portional to the three fides of a triangle drawn in the 
directions in which thofe forces a&3; therefore it fol- 
lows that the forces. keeping AP in its pofition, viz, 
the tenfion at A, the tenfion at P, and the wt. of AP, 
are re(pedtively as op, pP, and oP, : : 
that is, as jy, %,and #. 
But the tenfion at A is the conftant quantity a, and 


the wt. of the uniform curve AP may be expounded by , 


its length 5 therefore it follows that #: jr: z 345 
which was to be proved. © 

Alfo from this lat proportion, by proper analogy, 
or fimilar combinations of the terms, there arifes this 
other property, #2 4f ax +f Jy Or Zi: zi VW aa + 2x, 

ee teats SE 

Or xd = Xf aa + By OF ¥ = Va Ex % 3 and the 
fluents of thefe give « = va + x. But at the vertex 
of the curve, where x = 0, and z = 0, this becomes 
oO = a o = a; and therefore by correction the 
true equation of the. fivents is x == fat -+ x? — 4 


ora ft w= Yat + 2: ‘and hence alfo z = 


— 2 
Yat arm ea 


Any of which is the equation of the curve in terms 
of the arch and its abfcifs; in which it appears that 
a+ xis the hypothenufe of a right-angied triangle 
whole two legs are aandz. So that, ifin QA and HA 
produced, there be taken AD = a, and AE = the 
curve x or AP; then will the hypothenufe DE be = 
a+4+xorDQ., And hence, any two of thefe three, 
a,x, %, being givens the third is givenalfo. 

Again, from the fi. t fimple property, WIZ 5 x3 F 2 
aia, oras = xj, by fabitituting the value of z above 
found, it becomes at = jr 2ax + wi, ory = 

ax ~ 








_—_—_ Zt me x? 
zax ++ x* anda = s 





2k 





Vann $e? 

y= 2a X hyp. log. of Wx $+ Y2a + x. Butat 
the ver(ex of the curve, where « = oand y = 0, this 
becomes o == 2a X hyp. log. of o/2a; taerefore the 
corre equation of the fluents is7 = za x hyp. Jog. of 





and the fluent of this equation is 
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vet Via +e ae , R 
aa 3 an equation to the curve alfo, it 


terms of ~ and y, bat not in fimple algebraic terms, 





This lat equation however may be brought to much’ 


fimpler terms indifferent ways; as firit by favaring the 

logarithmic quantity and dividing its coef, by 2, thea 

ab xt 20x + x 
a 





Jy =a@ x hyp. log. of max 


atetez 


hyp. log. sand 2d by multiplying both nu- 


merator and denominator by 4/24 + *»— Wx, then . 


fquaring the product, and dividing the coef, ba 
Pe or 











which gives y = aX hyp. dog. Fa ax 
z+ x xb x é 
hyp. log. Soe me x hyp. log.= = 


CATHETUS, in Geometry, 2 name by which the - 


perpendicular leg ofa right-angled triangle is fometime, 
called. Or itis in general any line or radius falling 
perpendicularly on another line, or furface. 


Caruerus of Incidence; in Catoptrics, isa right line : 


drawn from a radiant point, or point of incidence, per- 


am. 

Catnerus of Refledtion, or of the Eye, a right line 
drawn from the eye, perpendicular to the plane of re- 
flection. - ; 


Caruetus, in Archite@ure, denotes the axis of a 


“column &c. In the Ionic Capital, it denotes a line 
pafling perpendicularly through the eye or centre of 
the volute. ; 


endicular to the reflecting line, or Pang or the fpecu- * 


“CATOPTRICS, the feience of reflex vifion; or * 
that part of optics which explains the laws and proper- ; 


ties of light refleéted kom mirrors, or fpecula. 


The firlt treatife extant on catoptrics, is that which | 


was compofed by Euclid: this was publifhed in Latin 
in 1604 by John Pena; it is alfo contained in Herigon’s 
Courfe of Mathematics, and in Gregory’s edition of 
the works of Euclid: though it is fafpected by fome 


that this piece was not the work of that great geomes - 


tuician, notwithtanding that it is afcribed to iim by 


Proclus in lib, 2, and by Marinus in his Preface to , 


- Eeciid’s Data. 


Alhazen, an Arabian author, compofed / 


a large volume of optics about the year t1co, in which ~» 


he treats pretty fully of caroptries: and after him Vi. 


_teJlo, a Polifh writer, compofed another about the year « 
1270. Tacquet, in his Optics, has vay well demon. ° 


ftrated the chief propofitions of plane and {phericat ipe- 
culums. And the fame is very ubly done by Dr. Bar- 
row in his Optical Leétures, ‘There are alfo ‘l'rabe’s 
Catoptrics ; David Gregory’s Elements of Catoptrics ; 


Wolfius’s Elements of Catoptrics; and thofe of Dr. - 


Smith, contained in his learned and very elaborate 
Treatife on Optics; and many others of lef note, 

As this fubjeét is treated under the general term Op~ 
tics, the lefs need be faid of ic bere. ‘The whole doc- 
trine of Catoptrics depends upon this fimple principle, 


that the angle of incidence is equal to the angle of re- * 


fle@ion, that is, that the angle in whicha ray of light 
fails wpon any furface, called the angle of incidence, 
— : = ‘ : is 
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Ys equal to the angle in which it quitsit whert reflected 
from it, called the angle of reflection ; though it is 
fometimes defined that the angles of incidence and re- 
flection, are thofe which the incident and reflecied rays 


“make, not with the reflecting furface itfelf bur with - 


. a perpendicular to that furface, at the point of contaét, 
which are the complements to the others: but it mate 
ters not by what name thefe angles are called, as to the 

_ trath and principles of the feience ; fince, ifthe angles 
are equal, their complements are alfo equal, This prin- 
ciple of the equality between the angles of incidence 
and reflection, is mere matter of experience, being a 
phenomenon that has always been obferved to take 
place, in every cafe that has fallen under obfervation, 
as near at leaft as mechanical meafurements can alcer- 
tain ; and hence it is inferred that it is a univerfal law 
of nature, and to be confidered as matter of fact in 
all.cafes.. Thus, Jet AC be an incident ray falling up- 

on the reflecting furface DE, and CB the reflected 
ray, alfo CO perpendicular to DE; then is the angle 
ACD = BCE, or the angle ACO = BCO, 





Of this law in nature, viz, the equality between the 
angles of incidence and refedtion, it is remarkable, 
" that in this way, the length or root AC -+ CB, ina 
ray pafling from any point A to another given point B, 
by being reflected from any furface DE, is the thorteft 
poftible, namely AC -++ CB is fhorter than the fam 
AG + GB of any other two lines inflected at the line 
DE; and hence alfo the paffage of the ray from A to 
B is performed in a fhorter time than if it had paffed 
by any other way.- 7 
From this fimple principle, and the common proper- 
ties of lineal geometry, tlie chief phenomena of catop- 
trics are eafily deduced, and are as here following. 





a, Rays of light reflected from a plane furfice, have 
the fame inclinaiion to each other after reflection as 
they had before it. Thus, the rays AC, Al, AK, 
ining ftom the radiant point A, and reflefted by the 
furface DE into the lines CF, IL, KM; thefe lat- 
ter lines will have the fame inclination to each other as 
the former AC, AI, AK have. For draw ABG per- 


pendicular to DE, and produce’ FC, LI, MK back-. it 


wards tu meet this perpendicular, fo fhall they all meet 
in the lame point G, and AB will in every cafe be equal: 
to Bi); for the incident 2 ACB is equal to the xe- 
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“Ae&ed 2 FCE, which isequal to the oppofire angle 
BCG ; fo that the two triangles ABC, GBC, have 
“the angles at C equal, as alfo the right angles et 8 
equal, and confequeotly the 3d angles at A and G 
equal; and having alfo the fide BC common, they are 
equal in all refpects, and fo «E == BG. And the 
fame for, the other rays. C ently the angles 
BGC, BGI, BGK are refpeftively equal to the angles 
BAC, BAI, BAK; that is, the reflected rays have 
the fae inclinations as the incident ones have. 
z.-Eence it is that the image of an object, feen by 
reflection from a plain mirror, feems to proceed froma 
place G as far beyond, or on the other fide of the re- 
flecting plane DE, as the objeft A itfelf is before the 
plane,’ This is when the incident rays diverge from 





- fome pointas A. 


But if the cafe be reverfed, and FC, LI, MK be 
confidered as incident rays, iffuing from points F, L, M, 
and converging to fome point G beyond the reflecting 
plane; then CA, IA, KA will become the refleted 
rays, and they will converge to the point A as far be~ 
fore the plane, as the point G is beyond it, : 

So that univerfally, when the incident rays diverge 
from a point A, the refledted rays will allo diverge 
from a point G; and when the incident rays converge 
towards a point G, the reflected ones will alfo converge 
to a point A; and in both cafes thefe two points are at 


equal diftances on the oppofite fides, of the refleting 


plane DE. ‘ —_ : : 

3. Parallel rays reflected from a concave fpherical 
farface, converge after reflection. For, let AF, CD, 
EB be three parallel rays falling upon the concave for- 
face FB, whofe centre is C. ‘To the centre draw the 
perpendiculars FC and BC; alfo draw FM making the 
reflected angle CFM equal to the incident angle CFA 
and in like manner BM to make the angle CBM = the 
angle CBE; fo fhall the rays AF and LB be reflected 
into the converging rays FM and BM. - As to the ray 


. CD, being perpendicular to the furface, it is reflected 


back again in the fame line DC, . 





4. Converging rays falling upon the concave furface 
are made to converge more. ‘hus, let GB and HF 
be the incident rays: then becaufe the incident angle 
HFC is larger than the angle AFC, therefore the equat- 

Ge a ; : refleQed 
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reflected angle NFC ie greater than the reflefted angle 
MEC, and fo the point N is below the point M, or the 
line FNbelow the line FM; and in like manner BN is be- 
Jow BM;; that is, the reflected rays FN and BN are more 
converging in this cafe, than FM and BMin the other. 

5. The focus to which all parallel rays, falling near 

~ the vertex D, are reflected, is in the middle of the ra- 
dius M. For, becaufe the 4 MFC = 2 AFC which 
“$s == the alternate 4 FCM, therefore the fides oppo- 
fite thefe angles are alfo equal, namely. the fide FM = 
€M; confequently when the point F is very near the 
vertex D, then the fum CM + MF is nearly = CD, 
and fo CM nearly == MD, or the focus of the parallel 
rays is nearly in the middie of the radius. But the 
focus of other. reHle€ted rays is either above or below 
that of the parallel rays; namely, below when the in- 
cident rays are converging, and above when they are 
diverging ; as is evident by infpection ; thus, N the re- 
flected focus of the converging rays GB and HF, is 
below M; I that of the diverging rays YB and YF, is 
above M. 

6. Incident and reflected rays are reciprocal, or fo 
that if the refleéted rays be returned back, or confi- 
dered as incident ones, they will be refle&ted back into 
what were before their incident rays. And hence it 
follows that diverging rays, after refleétion from a con- 
cave fpherical furface, become either parallel or lefs di 
verging than before. Thus the incident rays MF and, 
MB are reflected into the parallel rays FA and BE, and 
the rays NF and NB are reflected into FH and BG, 
which are lefs diverging ; alfo the rays IF and JB are re- 
flcéted into FK and BL, which converge.—And hence 
all the phenomena of concave mirrors will be evident. 

7. Rays reflected from a convex fpeculum, become 
quite contrary to thofe reflected from a concave one ; 
fo that the parallel rays become diverging, and the di- 
verging rays become ftill more diverging ; alfo con- 
verging rays will be€ome either diverging, or parallel, 
or elfe lefs converging. Thus BDF being a fpherical 
turface, whofe centre is C, produce the radii CBV 
end CFT which are perpendicular to the furface; then 
it is evident that the parallel rays AF and EB will be 
reflected into the diverging ones FK and BL; and the 
diverging rays YB and YF become BO and FP which 
are more diverging ; alfo the converging rays HF and 
GB become FR and BS which diverge, or elfe KF 
and Lis become FA and 13E which are parallel, or elfe 

_ lafly PF and OB become FY and BY which are con- 
, verging. 
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8 Hence, as in the concave fpeculum, fo alfo in the 
convex one, of parallel incident rays AF and EB, the 
imaginary focus M of their refle&ed rays FL and BK, 
is in the middle of the radias when the fpeculum is a 
fmall a ann of a fphere: but the reflected imaginary 
focus of other rays is either above or below the middle 
point M, viz N being that of the converging rays GB 
and HF, below M; but I, that of the diverging rays 
YB and YF, above M. 

9. When the fpeculum is the fmalf fegment of a 

fphere, either convex or concave, and the incident 
rays either converging or diverging, the diftances of 
the foci, or points of concurrence;’of the incident rays, 
and of the refle€ted rays, from the vertex of the {pe- 
culum, are direétly proportional to the diftances of the 
fame from the centre of it; 
thatis YD: ID :: YC: IC, 
and QD:ND:: QC: NC. 
For becaufe the radius CF, or the fame produced, bi- 
fe&ts the angle YFI in the concave fpeculum, or the 
external angle YFP in the convex one, therefore YF : 
IF ::¥YC:ICs; but when F is very near to D, then 
YF and IF become nearly YD and ID; confequently 
YD:ID:: YC: IC, 

In like manner, becaufe CF bifeéts the angle QFN 
ia the convex, or its external angle NFH in the cone 
cave fpeculum, therefore QF: FN: :QC: NC; but 
when F is very near to D, then QF and: FN become 
zeny QD and ND; and therefore QD: ND: : QC: 


- For example, fuppofe it were required to find the fo- 
cal diftance of diverging rays incident upon a convex 
farface, the radius of the {phere being 5 inches, and 
the diftance of the radiant point from the furface 20 
inches. Here then are given YD = 20, and CD = 5, 


to find ID ; then 
the theorem YD :ID:: YC:I¢, 
in numbers is zo :ID:: 25: 5 «ID, 
or by permutation 20 : 25:: 1D: 5 ID, 
andby compofitiongs :20:: § :ID= esa ys 
23 the focal diftance fought. 
And if it fhould happen in any cafe that the value of 
ID in the calculation fhould come out a negative quan- 
tity, the focal diftance mult then be taken on the con- 
trary fide of the furface. 
From the foregoing principles may be deduced and 
collected the following prattical maxims, for plane and 
{pherical mirrors, viz, 


IL. Ina Plane Mirror, 
(1.) The image will appear as far behind the mir- 
ror, as the object is before it. 
(2.) The image will appear of the fame fize, and in * 
the fame pofition as the objeét. 
{3-) Any plain mirror will refle€t the image of an 
object of twice its own fength and’ breadth. 
IL. In @ Spherical Convex Mirror. 
(1.) The image will always appear behind the mir- 
ror, or within the fphere. 
(2.) The image will be in the fame pofition, but 
lefs than the object. ; 
(3.) The image will be curved, but not {pherical, 
like the mirror. ; : 
(4:) Parallel rays falling on this mirror, will have 
Li z the 


\ 


CAT 


the image at half the diftance of the centr® from the 
mairror. 

(5.) In converging tays, the diftance of the obje& 
mutt be equal to half the diftance of the centre, to make 
the image appear behind the mirror. ; 

(6.) Diverging rays will have their image at lefs than 
half the diftance of the centre. : 


TIL. In a Spherical Concave Mirror. 


{1.) Parallel rays have their focus, or the image, at 
half the diftance of the centre.. 

(2.) In the centre of the {phere the image appears 
of the fame dimenfions as the object. 

(3.) Converging rays form an image before the 
mirror. . 

(4.) In diverging rays, if the objet be at lefs than 
half the diftance of the centre, the image will be be- 
hind the mirror, ereét, curved, and magnified ; but 
3f the diftance of the objeét be greater, the image will 
be before the mirror, inverted and diminifhed. 

(5.) The folar rays, being parallel, will be colle&ted 
in a focus at half the diftance of its centre, where their 
heat will be augmented in proportion as the furface of 
the mirror exceeds that of the focal fpot. 

(6.) If a lominous body be placed in the focus of 
concave mirror, its rays, being reflected in parallel 
lines, will ftrongly enlighten a fpace of the fame dimen- 
fions with the mirror, at a great diftance. If the lumi- 
nous objeét be placed nearer than the focus, its rays 
will diverge, aad fo enlighten a larger fpace, but not fo 
ftrongly. And spon this principle it is that reverbe- 
sators are conitruéted. 

Cavortrrc Dial, a dial that exhibits objeés by 
refledted rays. See Reflecting Diat. - 

Carortric Telefope, a telefcope that exhibits ob- 
je@s by reflection. See Reflecting TELESCOPE. 

Carortric Cifula, a machine, or apparatus, by 
which {mall bodies are reprefented extremely large, and 
near ones extremely wide, and diffufed through a vat 
fpace; with other very pleafing phenemena, by means 
of mirrors, difpofed by the laws of catoptrics in the 
concavity of a Kind of cheft. 

There are various kinds of thefe machines, accom- 
modated to the various intentions of the artificer : 
fome multiply the objects, fome magnify, fome deform 
them, &c. The ftructure of one or two of them will 
faffice to thew how many more may be made. 

Vo make a Catoptric Ciftula to reprefent feveral diffe 

-rent feenes of objects, when viewed by different beles. 
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Provide a polygonal ciftula, or box, like the mult- 
angular prifm ABCDEF, and divide its cavity by di- 
agonal planes AD, BE, CF, interfeGting in the cen- 
tre, into as many triangular cells as the cheft has fides. 
Line thofe diagonal partitions with plain mirrors; and 
in the fides of the box make round holes, through which 
the eye may peep within the cells of #t, ‘Thefe holes 
are to be covered with plain glafles, ground within- 
fide, but not polithed, to prevent the objetts in the cells 
from appearing too diftin@lly. In each cell are to-be 
placed the different objeéts whofe images are to be ex- 
hibited ; then covering up the top of the cheft with a 
thin tranfparent membrane, or parchment, to admit 
the light, the machine is complete. : 

For, from the laws of reflection, it follows, that the 
images of objeéts, placed within the angles of mirrors, 
are multiplied, and appear fome more remote than 
others; by which the objeéts in one cell will appear to 
take up more room than is contained in the whole box. 
Therefore by looking through one hole only, the objects 
in one cell will be feen, but thofe multiplied ,and diffused 
through a {pace much larger than the whole box. Thus 
every hole will afford a new fcene ; and according to 
the different angles the mirrors make with each other, 
the reprefentations will be different: if they be at an 
angle greater thana right onc, the images will be mon- 
ftrous, &c. 

» To make a Catoptric Ciftula to reprefent the objects 
” — quithin it prodigioufly multiplied, and diffufed through 
a vaft fpace. 

Make ‘a polygonous ciftula or box, as before, but 
without dividing the inner cavity into any apartments, 
or cells; line the infides CBHI, BHLA, ALMF, &c, 
with plane mirrors, and at the holes pare off the tin and 
quickfilver, to look through ; place any object in the 
bottom MI, as a bird in a cage, &c. 

Now by looking through the aperture 4, each ob- 
jeé& placed at the bottom will be feén vaftly multiplied, 
and the images removed at equal diftances from one 
another, like a great multitude of birds, or a large 


aviary. 

CAVALIER, in Fortification, 2 mount of earth 
raifed in a fortrefs higher than the other works, on 
which to place cannon &c for fcouring the field, or 
oppofing a commanding work. Cavaliers are of dif- 
ferent fhapes; and are bordered with a parapet, “to 
cover the cannon mounted upon them; their fituation 
is alfo various, either in the curtain, baftion, or gorge. 
The cavalier is fometimes called a double baftion, and 
its ufe is to overlook the enemy’s batteries, and to fcour 
their trenches, . 

CAVALIERI (BonavENTURA)s an eminent Hta- 
Jian mathematician in the 17th century, He was a na- 
tive of Milan, and a friar of the order of the Jefuati 
of St. Jerome. Cavalieri was a difciple of Galileo, and 
the friend of Torricelli. He was a very eminent ma~ 
thematician, and was profeffor of that fcience at Bo- 
logna: where feveral of his books were publifhed, and 
where he died in the year 1647. His works that have 
been publithed, as far as I can find, areas follow : 

1. Direforium Generale Uranometricum 3 4to, Bononia, 
1632.~In this work the author treats of Trigonome- 
try ; and Logarithms, their conftruction, ufes, and ap- 
plications, ‘I'he work includesalfo tables of logarithms 

of 
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of common numbers; with trigonometrical tables of 
natural fines, and logarithmic fines, tangents, fecants 
and verfed fines. : 

2, Lo Spechio Uforio overo Trattato delle Settioni 
Coniche: 4to, Bologna, 1632.—An ingenious treatife of 
conic fe&tions. eras APO 

3. Geometria Indivifibilibus continuorum nova quadam 
ratione promota: 4t0, Bononia, 1635 ; anda 2d edition 
in 1653.—This is a curious original work in geometry, 
in which the author conceives the geometrical figures 
as sefolved into their very {mall elements, or as made 
up of an infinite number of infinitely fmall parts, and 
on account of which he paffes in Italy for the inventor 
of the infinitefimal calculus. : : 

4. Trigonometria Plana &F Spherica, Linearis, & 
Logaritknica! 410, Bononia, 1643.—A very neat and 
ingenious treatife on ‘Trigonometry ; with the tables of 
ee tangents, and fecants, both natural and logarith- 
mical. 

5. Exercitationes Geometric Sex : 410, Bononia, 1647. 
This work contains Exercifes on the method of Indivi- 
filles; Anfwers to the objections of Guldini; ‘The ufe 
of Indivifibles in coffic powers or algebra, and in confi-” 
derations about gravity ; with a mifcellancaus collection 
of problems. 

CAUDA Capricorai, a fixed ftar of ‘the 4th magni- 

* tude, in the tail of Capricorn; called alfo by the Arabs, 
Dineb Algedi; and marked y by Bayer. bt 

- Caupa Ceri, a fixed flar of the 3d magnitude; called 
a by the Arabs, Dineb Kaetoss marked 8 by 
ayer. : - 
Caupa Cygri, a fixed ftar of the 2d magnitude in 7 
the Swan's tail; called by the Arabs, Dineb Adigege, 
or Eldegiagich ; and marked @ by Bayer. . 

Caupa Delphini, a fixed far of the 3d magnitude, 
jn the tail of the Dolphin; marked « by Bayer. - 
fouthern or defcending node. - fe Sabet til 

Caupa Leonis, a bxed ftar of the first magnitude in 
the Lion’s tail; called alfo by the Arabs, Dineb °- 
Eleced; and marked @ by Bayer. -Itis called alfo Lu- 
cida Cauda. . Z 

Cava Urfe Majoris, a fixed flar of the 3d magni- 
tude, in the tip of the Great Bear’s tail ; called alfo by 
the Arabs, Alalioth, and Benenath; and marked » by 

Bayer. : 

Caupa Urfe Minoris, a fixed ftar of the 34 magni- 
tude, at the end of the Leffer Bear’s tail 5 called alfa 
the Poe Star, and by the Arabs, Alrukabah; and 
marked a by Bayer. : Ber a eee A 

CAVETTO, a hollow member or moulding, con- © 
, a quadrant of a circle, and having an effed juit 
coutrary to that of a quarter round. It is ufed as an 
ornament in cornices. gk 

CAUSTIC Curves. See Catacaufics, and Dia- 
seujties. aes . : i 

CAZEMATE,. See CasemaTs: 

CAZERN, See Casern. ee 

CEGINUS, a fixed flar of the 3d magnitade, in the © 
left thoulder of Bootes ; and marked y by Bayer. > 

CELERITY, is the velocity or fwiftnefs of a body 
jn motion; or that affe@ion of a body in motion by 
which it car pafs over.a certain fpace in a certain 
time, . Spock 


wet 


vr - 
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., CENTRAL, fomething relating toa centre. 
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CELESTIAL Giese, &c. See Grose, &ce* 

CELLARIUS (Curistopser), a learned geo- _ 
grapher and hiftoriographer of the 17th century. He 
was born in 1638, atSmatcalde in Franconia, where his 
father was minifter, Our author was fucceffively rector 


. of the colleges at Weymar, Zeits, and Merfbourg, and 


profeffor of eloquence and hiftory in the univerfity 
founded by the king of Pruffia at Hall in 1693, where 
he compofed the greateft part of his, works. 

. His great application to ftudy haftened the infirmi- 
ties of old age; for it has been faid, he would {pend 
whole days and nights together over his books, with- - 
outany attention to his health, or even the calls of na- 
ture. He died in 1707, at 69 years of age. 

Cellarius was author ofan amazing number of books, 
upon various fubjeéts; but thofe on account of which he 
has a place here, are his geographical works, which are 
as follow: - . 

1. Notitia Orbis Antiqui, 2 volsin 4to; and isefteem- 
ed the beit work extant on the ancient geography, .” 


“2, Atlas Caleftis 3 in folio. 


3. Hiftoria Antiqua, 2 vols in 12mo} being anabridge- 
ment of univerfal hiltory. ‘ ; 
- CEN'TAURUS, the Centaur, one of the 48 old , 
confellations, being a fouthern one, and is in form half 
min and half horfe. It is fabled by the Greeks that it 
was Chiron the Centaur, who was the tutor of Achilles 
and Efculapius. The ftars of this conftellation are,” 
in Ptolomy’s catalogue 37, in Tycho’s 4, and in the 


: Britannic catalogue, with Sharpe’s appendix, 35... . 


CENTER, See Centres. 

CENTESM, the 1ooth part of any thing. are 

* Thus ” 

we fay central eclipfe, central forces, central rule, &c, 
Cenrrat Eclipé, is when the centres of the lumi-- 


:  naries exaétly coincide, and come ina line with the eye, 
Cavpa Draconis, or Dragon's tail, the moons 


Centrat Forces, are forces having a tendency di- 
re&ly towards or from fome point or centre ; or forces 
which caufe a moving body to tend towards, or recede 
from, the centre of motion. And accordingly they are. 
divided into two kinds, in refpeét to their different re- 
lations to the centre, and hence are called centripetal, 
and centrifugal. Z se ag * 

The doétrine of central forces makes 2 confiderable 
branch of the Newtonian philofophy, and .has been 
greatly cultivated by mathematicians, on account of its 
extenfive ufe in the theory of gravity, and other phyfi- - 
co-mathematical fciences. - ~ : : 

In this doétrine, it is fuppofed that matter is equally 


‘indifferent to motion or ref; or that a body at reft 


never moves itfelf, and that a body in motion never of 


“itfelf changes either the velocity or the direction of ita - 


motion; but that every motion would continue uni- 


_ formly, and its direction rectilinear, unicfs fome exter- 


nal force or refiflance fhould affeé it, or aét upon it. 
Hence, when a hody at reit always tends to move, or - 


. when the velocity of any reétilinear motion is continu. 


ally accelerated or retarded, or when the direGtion ofa 
motion is.continually changed, and acurve line is there. 


~ by deferibed, it is fuppofed that thefe circumfances 
: proceed from the influence of fome power that ads in- 


ceffantly ; which power may be meafured, in the fir 


_eafe, by the preflure of the quiefcent body againk the 


obftucle which prevents it from moving, or by the ve. © 
Liz ‘ eyes locity 
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locity gained or loft in the fecond cafe, or by the flexure 
of the curve defcribed in the 3d cafe: due regard being 
had to the time in which thefe effeéts are produced, and 
other circumftances, according to the principles of me- 
chanics. Now the power or force of gravity produces 
effedts of each of thefe kinds, which fall under our con- 
ftant obfervation near the furface of the earth; for the 
fame power which renders bodies heavy, while they are 
at reft, accelerates their motion when they defcend 
perpendicularly; and bends the track of the motion into 
a curve line, when they are projected in a direétion 
oblique to that of their gravity. But we can judge of 
the forces or powers that act on the celeftial bodies by 
effeéts of the laft kind only. And hence it is, that the 
doétrine of central forces is of fo much ufe in the theory 
of the planetary motions, 

Sir I. Newton has treated of central forces in lib. 

1 fec. 2 of his Principia, and has demonftrated this fun- 
damental theorem of central forces, viz, that the areas 
which revolving bodies defcribe by radii drawn to an 
immoveable centre, lie in the fame immoveable planes, 
and are proportional to the times in which they are 
defcribed. Prop. t. 

It is remark by a late eminent mathematician, that 
thistaw, which was originally obferved by Kepler, is 
the only general principle in the dottrine of centripetal 
forces; but fince this law, as Newton himfelf has proved, 
cannot hold in cafes where a body has a tendency to any 
other than one and the fame point, there feems to be 
wanting fome law that may ferve to explain the mo- 
tions of the moon and fatellites which gravitate towards 
two different centres: the law he Jays down for this 
purpofe is, That when a body is urged by two forces 
tending conftantly to two fixed points, it will defcribe, 
by lines drawn from the two fixed points, equal folids 
in equal times, about the line joining thofe fixed points., 
See Machin, on the Laws of the Moon’s Motion, in 
the Poftfeript. See alfoa demonftration of this law 
by Mr. William Jones, in the Philof. Tranf. vol. 59. 
Very learned traéts have alfo been fince given, when the 
motion refpeéts, not two only, but feveral centres, by 
many ingenious authors, and pra¢tical rules deduced 
from them for computing the places &¢ of planets and 
fatellites; as by La Grange, De la Place, Waring, &c, 
&c. See Berlin Memoirs; thofe of the Academy of 
Sciences at Paris; and the Philof. Tranf. of London. 

" M. De Moivre gave elegant general theorems relat- 
ing to central forces, in the Philof. Tranf. and in his 
Mifcel. Analyt, pa. 231.—Let MPQ be any given 
curve, in which a body moves: let P be the place of 
the body at any time; S the centre of force, or the 
point to which the central force aéting on the body is 
always directed; PG the radius of curvature at the 
point P; and ST perpendicular to the tangent PT; 
then will the centripetal force be every where propor- 


. SP ts 
fional to the quantity xe Vid. ut fupra. 


P T 


) 
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M. Varignen has alfo given two general theorems 
on this fubje¢l in the Memoirs of the Acad. an. 1790, 
17013 and has fhewr their application to the motions 
of the planets. See alfo the fame Memoirs, an. 1706, 
17 10. 

Mr. Mac Laurin has alfo treated the fubje& of cen- 
tral forces very ably and fally, in his Treatife on. 
Fluxions, art. 416 to 493 3 where he gives a great va- 
riety of expreffions for thefe forces, and feveral elegant 
methods of inveftigating them. 

Laws of Cenrrau Forges. 

1. The following is a very clear and comprehenfive 
rule, for which we are obliged tothe marquis de ’'Hé- 
pital: Suppofe-a body of any determinate weight to 
revolve uniformly about a centre, with any given velo- 
city; find from what height it muft have fallen, by the 
force of gravity, to acquire that velocity; then, as the 
radius of the circle it defcribes is to double that height, 
fo is its weight to its centrifugal force. “So that, if & 
be the body, or its weight or quantity of matter, -v its 


velocity, and r the radius of the circle defcribed, dlfo 
@ = 16; feet; then, fir 427 : vrs: g : or 9 the 
height due to the velocity v; and.as ss 
2 24 

rics b: = == fthe centrifugal force. And 
hence, if the centrifugal force be equal to the gravity, 
the velocity is equal to that acquired by falling through 
half the radius. 

2. The central force of a body moving in the peri- 
phery of a circle, is as the verfed fine AM of the inde- 
finitely fmall arc AE; or it is. as the fquare of that 
are AE dire@ly, and as the diameter AB inver(ely. 
For AM is the fpace through which the body is drawn 
frem the tangent in the given time, and 2AM is the 
proper meafure of the central force. But, AE being 
very fmall, and therefore nearly equal to its chord, by. 
the nature of the circle 


AE* 
AB: AE:; AE: AM = 75° 








3. If two bodies revolve uniformly in different cir- 
cles; their central forces are in the duplicate ratio of 
their velocities direétly, and the diameters or radii of 
the circles inverfely ; 

. Ve gt VI gt! 
that is Fifi: is Sirs ake oes 


Far the force, by the laft article, is as 
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* AES 
Se ot Sy and the velocity v is as the fpace AE 
uniformly defcribed.. 

" 4. And-hence, if the radii or diameters be reciprocally 
in the duplicate ratio of the velocities, the central forces 
will be reciprocally in the duplicate ratio of the radii, or. 
direétly as the 4th. power. of the velocities; that is, if 
Ve vetiin: Ry then Fos ftir? Rei: V4: ot, 

5. The central forces are as the diameters of the 
circles directly, and {quares of the periodic times inverfe- 
ly. For if c be the circumference defcribed in the time 


t, with the velocity w; then the fpace ¢ = ¢y, or . 


vm ss hence, ufing this value of v in the 3d rule, 


it becomes 
Py oe D d Ror 
Fifiipmi ga? pig t ps 
the diameter is as the circumference. 
6. If two bodies, revolving in different circles, be 
aéted on by the fame central force; the periodic times 
are in the fubduplicate ratio of the diameters or radii 


fince 


of the circles; for when F = f, then Rad, and 
D:id:: Te: @,or Titi: fD: #d:: fRi vr. 

7. If the velocities be reciprocally as the diftances 
from the centre, the central forces will be reciprocally 
as the cubes of the fame diftances, or direétly as the 
cubes of the velocities. Thatis, if V:wi:7r:.R, 
then is Fi: f:i23: Roi: Vis at 

8. 1f the velocities be reciprocally in the fabdupli- 
cate ratio of the central diftances, the fquares of the 
times will be as the cubes of the diftances: for if 
V2: e%::7r:R, thenis T? 22:2: R3i 7% 

g. Wherefore, if the forces be reciprocally as the 
{quares of the central diftances, the {quares of the pe- 
riodic times will be as the cubes of the diftances; or 
when F : f:: 77: R*, then is T2227: R¥: 

Exam, From this, and fome of the foregoing theo- 
ems, may be deduced the velocity and periodic time 
of a body revolving in a circle, at any given diftance 
from the earth’s centre, by means of its own gravity. 
Put g = 16,3; feet, the {pace defcribed by gravity, at 
the furface, in the firft fecond of time, viz = AM in 
the foregoing fig. and by rule z; then putting r = the 
radius AC; it is AE = AB x AM = +/2gr the 
velocity ina circle at its furface, in one fecond of time 5 
and hence, putting ¢ = 3°14159 &c, the circumference 
of the earth being 2er == 25,000 miles, or 132,@00,000 


Y: Mo = 5078 fe- 


conds,nearly, or 14.2438, the periodic time at the 
y: ae 3 P 


circumference: Alfo the velocity there, or 2gr is 
== 26000 feet per fecond nearly. Then, fince the 
- force of gravity varies in the inverfe duplicate ratio of 
the diftance, by rules 8 and 9, it is YR: vr i: vor 


feet, it will be of 2er Rar 


26000 : 2600075 = V the velocity of a body re- 
volving about the earth at the diftance R; and or}: 
VR3 222 oF 5078" : 5078 vs = T the time of re- 
yolution inthe fame, So if, for inftance, it be the moon 
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revolving about theearth at the diftance of 60 femi- 
‘diameters ; then R = 60r, and the above expreffions 
become V = 26000135 = 3357 feet per fecond, or 
38} miles per minute; for the velocity of the moon in 


her orbit; and T = sory == 2360051 feconds 


or 27,3; days nearly, for the periodic time of the moon 
in her orbit at that diftance. 

Thus alfo the ratio of the forces of gravitation of 
the moon towards the fun and earth may be eftimated. 
For, 1 year or 3654 days being the periodic time of 
the earth and moon about the fun, and 27% days the pe- 
riodic time of the moon about the earth, alfo Go being 
the diftance of the moon from the earth, and 23920 
the diftance from the fun, in femidiameters of the 
earth, by art. 5 it is 











60 | 23920 "23902 27°37 7 
apse je5ags CS F607 % 305-25 : 


that is, the proportion of the moon’s gravitation to- 
wards the fun, is to that towards the earth, as 2% to 1 
nearly. 

Again, we may hence compute the centrifugal force 
of a body at the equator, arifing from the earth’s rota- 
tion. For, the periodic time when the centrifugal 
force is equal to the force of gravity, it has been thewn 
above, is 5078 feconds, and 23 hours, 56°minutes, or 
86160 feconds, is the period of the earth’s rotation on 
its axis; therefore, by art. 5, as 861607 3.50787 2: 4 
: gig» the centrifugal force required, which therefore 
is the 28gth part of gravity at the earth’s furface. 
Simpfon’s Flux. pa. 240, &c. 

Alfe for another example, fuppofe A to be a ball of 
1 ounce, which is Whirled about the centre C, fo as to 
de(cribe the circle ABE, each revolution being made in 
half a fecond ; and the length of the cord AC equal to 
2 feet. Here then s = 4, r= 2, and it having been 


found above that nif = T is the periodic time at 


. g 4 : 
the circumference of the earth when the centrifugal 
force is equal to gravity ; hence then, by art. 5, as 


R : . 
pH z i: For 4 :f which proportion becomes 


‘4 roo | ctr 16 3°14167 
ph aro 16z'5 : 
9°89 == the centrifugal force, or that by which the: 
fering is ftretched, viz, nearly 10 ounces, or 10 times 
the weight of the ball.’ : 

Laftly, {appofe the ftring and ball be fufpended from 
a point D, and defcribes in its motion a conical furface 
ADB; then putting DC = 2, AC=r, and AD = 4; 
and putting F = 1 the force of gravityas before; then 
will the body A be affected by three forces, viz, gravity 
ating paralle! to DC,a centrifugal force in the direction 
CA, and the tenfion of the ftring, or force by which 
it is ftretched, in the direction DA; hence thefe three 
powers will be as the three fides of the triangle ADC. 
refpettively, and thereforeasCDora:ADoré:i1: 





B the tenfion of the flring as compared with the weight 
a 
2ctr 


7 the 





of the body. AlfoACora: ACorrii 1: 


"general expreffion for the centrifagzl force abovefound ; 
5 hence. 
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henee, gi* = 2ac” and for = wets ries a == the 


periodic time. And 





to. When the force by which a body is urged to- 
wards a point is not always the fame, but is either in- 
‘treafed or decreafed as fome power of the diftance ; 
feveral curves will then arife according to that power. 
If the force decreafe as the {quares of the diftances 
increafe, the body will defcribe an ellipfis, and the 
force is directed towards one of its foci; fo that inevery 
revolution the body once approaches towards it, and 
once recedes from it: alfo the eccentricity of the el- 
lipfe is greater or lefs, according to the projeGile force; 

"and the curve may fometimes become a circle, when the 
eccentricity is nothing ; the body may alfo defcribe the 
other two conic fe@ians, the parabola and hyperbola, 
which do not return into themfelves, by fuppofing the 
ey greaterincertain proportions, Alfoifthe force 
increafe in the fimple ratio as the diftance increafes, the 
body will till defcribe an ellipfe ; but the force will in 
this cafe be direéted to the centre of the ellipfe; and 
the body, in each revolution, will twice approach to- 
wards it, and again.twice recede from that point. 

Centra Rurg, isa rule or method difcovered by 
Mr. Thomas Baker, reGor of Nympton in Devonshire, 
which he publithed in his Geometrical Key, in the year 
1684, for determining the centre of a circle which fhall 

Cut.a given parabola in as many points asa given equa- 
tion, to be conftruéted, as rea! roots; which he has 
applied with good fuceefs in the conftru@ion of all 
equations as far as the 4th power inclufive. 

The Central Rule is chiefly fourided on this property 
of the parabola; that ifa line be infcribed in the curve 
perpendicular to any diameter, the re€tangle of the 
fegments of this line, is equal to the rectangle of the 
intercepted part of the diameter and the parameter of 
the axis. : 

‘The Central Rule has the advantage over the methods 
of conftruating equations by Des Cartes and De Latteres, 
which are liable to the trouble of preparing the equa. 
tions by taking away the fecond term; whereas Baker’s 
method effects the fame thing without any previous pre- 

aration whatever. See alfo Philof. Tranf. N° 157. 

CENTRE, or Cenrsr, ina general fenfe, fignifies 
a point equally remote from the extremes of a line, 
plane, or folid; or a middle point dividing them fo that 
fome certain effets are equal on all fides of it. 

Centre of AttraGion, or Gravitation, is the point to 
which bodies tend by gravity; or that point to which 
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a revolving planet or comet is impelled or attracted, by 
the force or impetus of gravity. 

Centre of a Baffion, isa point in the middle o 
the gorge, where the capital line commences, and which 
is ufually at the angle of the inner polygon of the 
figure. Or it is the point where the two adjacent cur- 
tains produced interfe& each other. ns 

Canrre of a Circle, is the point in the middle ofa 
circle, or circular figure, from which all lines drawn to 
the circumference are equal. : 

Centre ofa Conic Section, is the middie point ofany 
diameter, or the point in which all the diameters inter- 
feé& and bife& one another. 

In the ellipfe the centre is within the figure; but in 
the hyperbola it is without, or between the conjugate 
hyperbolas; ahd in the parabola it is atan infinite dif 
tance from the vertex. ut : 

Centre of Converfion, in Mechanics, a term firft 
ufed by M. Parent, and may be'thus conceived : Sup- 

fg.a tick laid on ftagnant water, and then drawn by 
a thread faftencd to it, fo that the thread always makes 
the fame angle with the'itick, either a right angle or 
any other; then it will be found that the ftick will tura 
about one point of it, which will be immoveable; and 
this point is termed the centre of convertion, 

This effet arifes from the refitance of the fluid to 
the ftick partly immerfed in it.  Andif, inftead of the 
body thus floating on a fluid, the fame be conceived to 
be faid on the furface of another body; then the re- 
fiftance of this plane to the ftick will always have the 
fame effedt, and will determine the fame centre of con- 
verfion. And this refiftance is precifely what is called 
fridtion, fo prejudicial to the effects of machines. 

M. Parent has determined this centre in fome certain 
cafes, with much laborious calculation. When the 
thread is fattened to the extremity of the flick, he 
found that the diftance of the centre from this extre- 
mity would be nearly 43 of the whole length. But 
when it is a furface ora folid, there will be fome change 
in the place of this centre, according to the nature of 
the Sgure, See Mem. of the Acad. of Sciences, vol. 1, 


“pa. 19t. 


Centreofa Curve, of the higher kind, is the point 
where two diameters meet.—When all the diameters 
meet in the fame point, it is called, by Sir Ifaac New- 
ton, the general centre. 7 7 

Cenrre ofa Dial, is the point where its gnomon or 
file, which is placed paraltel to the axis of the earth, 
meets the plane of the dial; and from hence all the 
hour-lines are drawn, in fuch dials as have centres, viz, 
all except that whofe plane is parallel to the axis of the 
world; all the hour-lines of which afe parallel! to the 
ftile, and to one another, the.centre being as it were at 
an infinite diftance. ‘ 

Centre ofan Ellipf, is the middle of any diameter, 
or the point where all the diameters interfett. 

CENTRE of the Equant, in the Old Aftronomy, is a 


“point in the line of the aphelion; being as far diftant 


from the centre of the eccentric, towards the aphelion, 
as the fun is from the fame centre of the eccentric to- 
wards the perihelion. 

Centre of Equilibrium, is the fame with refpeét to 
bodies immerfed in a fyid, as the centre of gravity is 
to bodies in free {pace ; being a certain point, upon 

which 
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which if the body or bodies be fufpended, they will reft 


in any pofition. To determine this centre, fee Emmer- 
fon’s Mechanics, prop. 92, pa. 134. : 


Centres of Fridion, is that point in the bafe of a 
body on which it revolves, into which if the whole fur- 
face of the bafe, and the mafs of the body were colle@ed, 
and made to revolve about the centre of the bafe of the 
given body, the angular velocity deftroyed by its fric- 

“ton would be Siaal te the angular velocity deftroyed. 

“in the given body by its fri@ion in the fame time.—See 
Vince on the Motion of Bodies affetted by fri€tion, in 
the Philof. Tranf. 1785. 

Centre of Gravity, is that point about which all 
the parts of a body do in any fituation exaAly balance 
each other. Hence, by means of this property, if the 
body be fupported or fufpended by this point, the body 
will reft in any pofition into which it is put; as°alfo 
that ifa plane pafs through the fame point, the feg- 
ments on each fide will equiponderate, neither of them 
being able to move the other. ‘5 

The whole gravity, or the whole matter, of a body 
may be conceived united in the centre of gravity ; and 
in demonttrations it is ufaal to conceive all the matter 
as really colleéted in that point. 

Through the centre of gravity paffes a right line, 
called the diameter of gravity ; and therefore the inter- 
fe€tion of two fuch diameters. determines the centre. 
Alfo the plane upon which the centre of gravity is 
placed, is called the plane of gravity + fo that the com- 
mon interfection of two fuch planes determines the di- 
ameter of gravity. 

In homogeneal bodies, which may be divided length- 
ways into fimilar and equal parts, the centre of gravity 
is the fame with the centre of magnitude. Hence 
therefore the centre of gravity of a line is in the middle 
point of it, or that point which bifeéts the line. Alfo 
the centre of gravity of a parallelogram, or cylinder, 
or any prifm whatever, is in the middle point of the 
axis, And the centre of gravity of a circle or any 
regular figure, is the fame as the centre of magnitude. 

Alfo, ifa line can be fo drawn as to divide a plane 
into equal and fimilar parts, that line will be a diameter 
of gravity, or will pafs through the centre of gravity ; 
and it is the fame as the axis of the plane. Thus the 
line drawn from the vertex and perpendicular to the 
bafe of the ifofceles triangle, is a diameter of gravity ; 
and thus alfo the axis of an ellipfe, or a parabola, &c, 
is a diameter of gravity, The centre of gravity of a 
fegment or arc of a circle, is in the radius or line per- 
pendicularly bifecting its chord or bafe. 

Likewife, if a plane divide a folid in the fame manner, 
making the part on both fides of it perfe@tly equal and 
fimilar in all refpe&s, it will be a plane of gravity, or 
will pals through the centre of gravity. Thus, as the 
interfetion of two fuch planes determines the ‘diameter 
of gravity, the centre of gravity of a right cone, or 
Spherical fegment, or conoid, &c, will be in the axis of 
the fame. 

Common Centre of Gravity of two or more bodies, or 
the different parts of the fame body, is fuch a point as 
that, if it be fafpended or fupported, the fyftem of bo- 
dies will equiponderate, and reftin any pofition. ‘Thus, 
the point of fufpenfion in a common balance beam, or 
fteelyard, is the centre of gravity of the fame. 
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bad and Determination of the Centre of Gravity. 

1. In two equal bodies, or maffes, the center of gra- 
vity is equally diftant from their two refpeétive centres. 
For thefe are as two equal weights fufpended at equal 
diftances from the point of fafpenfion; in which cafe 
they will equiponderate, and reft in any pofition. 


fe B 
OAs 2, 

2. If the centres of gravity of two bodies A and B 
be conneéted by the right line AB, the diftances AC 
and BC from the common centre of gravity C, are re- 
ciprocally as the weights or bodies A and B; that is, 
AC: BC::B:A. . 

See this demonftrated under the article BALANCE. 

Hence, if the weights of the bodies A and B be 
equa!, their common centre of gravity C will be in the 
middle of the right line AB, as in the foregoing arti- 
cle. Alfo fince A: B:: BC: AC, therefore A x AC 
= B x BC; whence it appears that the powers of 
equiponderating bodies are to be eflimated by the pro- 
du& of the mafs multiplied by the diftante from the 
centre of gravity ; which produét is ufually called the 
momentum of the weights. ee 

Further, from the fore; oing proportion, by compofi- 
tion it will be A + B: : : AB: BC, or A + 
B:B:: AB: AC. So that the common centre of 
gravity C of two bodies will be found, if the pean 
of one weight by the whole diftance between the two, 
be divided by the fam of the two weights. Suppofe, 
for example, that A = 12 pounds, B = 4jb, . and 
AB = 36 inches; then 16 : 32: : 36:27 == BC, 
and confequently AC =9, the two diftances from the 
common centre of gravity. 
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3. The Common Centre of Gravity of three or more 
giver bodies or points A, BC, D, &ce will be thus de- 
termined .—! fthe given bodies lie allin the fame ftraight 
line AD; by the lait article, find P the centre of gra- 
vity of the two A and B, and Q the centre of gravity 
of © and D; then, confidering P as the place of a 
body equal to the fum of A and B, and Q as the place 
of another body equal to both C and D, find S the 
common centre of gravity of thefe two fums, viz A 4 B 
colleéted in P, and'C + D united inQ; fo fhall S be 
the common centre of gravity of all the four bodies A, 
B, C, D. ‘And the fame for any other number of 
bodies, always confidering the fum of any number of 
them as united or placed in their common centre of 
gravity, when found. . ; 

Orherwi/e, thus. Take the ‘diftances of the given 
bodies from fome fixed point as V.,. calling’ the diftance 
VA =a, VB=%, VC = c, VD = d, and.the dif- 
tance of the centre of gravity VS = xs-then’SA == 
«x —a, SB= xb, SC mc — x, = d—x, and 
by the nature of the lever A'x—- a+ Bx —5 = 
Comex Ded—x; hence Ax ++ Bx #&r + apna 

Aa + BB +Cé4+Dé/ = V 
Bo+Ce4Dad, and x= —Aygege a) 
the diftance fought; which therefore is- equal a 
‘am 
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fom of all the momenta, divided’by the fam of all the 
weights or bodies. ? 
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Or thus. When the bodies are not in the fame ftraight 
line, conneét them with the lines AB, CD; then, as 
before, fnd P the common centre of A and B, and 
Q the common centre of C and D; then, conceiving 
Aang B united in P, and Cand D united in Q , find S 
the common centre of P and Q, which will again be 
the centre of gravity of the whole. 

Or the bodies may be all reduced to any line V 4B 
&c, drawn in any direction whatever, by perpendicular 
BB, CC, &c, and then the common centre S$ in this 
line, found as before, will be at the fame diftance from 
V asthe truecentre S$ is; and confequently the pepen- 
dicular from S will pafs through S the real centre. 

4. From the foregoing general expreffion, viz, 

Ra + Bb + Ce + &e 

A+B+C 4+ & 
gravity of any fyitem of bodies, may be derived a ge- 
neral method for finding that centre ; for A, B, C, &c; 
may be confidered as the elementary parts of any body, 
whofe fum or mafsis M = A + B + C &c, and Aa, 
BS, Cc, &c, are the feveral momenta of all thefe parts, 
viz, the produét of each part multiplied by its diftance 
from the fixed point V. Hence then, in any body, find 
a general expreffion for the fum of the momenta, and 
divide it by the content of the body, fo fhall the quo- 
tient be the diflance of the centre of gravity from the 
vertex, or from any other fixed point, from which the 
momenta are eitimated. 





2 for the centre of 
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§. Thus, in a right line AB, all the particles which 
compofe it may be confidered as fo many very {mall 
weights, each equal to +, which is therefore the fluxion 
of the weights, or of the line denoted by x. So that the 
{mall weight + multiplied by its diftance from A, viz x, 
is xx the momentum of that weight x; that Is, xx is 
the fluxion of all the momenta in the line AB: or x; 
and therefore its fluent 1x? is the fam of all thofe mo- 
menta; which being divided by x the fum of all the 
weights, gives tx or LAB for the diftance of the 
centre of gravity C from the point A; that is, the 
centre is in the middle of the line. 





. 3 i 
“6. Alf in the parallelogram, whofe axis or length 
AB = x, and its breadth DE = 4; drawing de paral- 


lel and indefinitely near DE, the areola dDEe = 6x 
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will be the Ruxion of all the weights, which multiplied 
by its diftance x from the’point A, gives bx% for the 
fluxion of all the momenta, and confequently the fluent 
46x is the fam of all thofe momenta themfelves; which 
being divided by Ax the fum of all the weights, gives 
x = LAB for the diftance of the centre C from the 
extremity at A, and is therefore in the middle of the 
axis, as is known from other principles. 

And the procef$ and conclufion will be exaétly the, 
fame for a cylinder, or any prifm whatever, making é 
to denote the area of the end or of a tranfvere fection 
of the body. 





7. In @ triangle ABC; the line AD drawn fiom 
one angle to bifeét the oppofite fide, will be a diamete: 
of gravity, or will pafs through the centre of gravity ; 
for if that line be fupported, or conceived to be laid 
upon the edge of fomething, the two halves of the tri- 
angle on both fides of that line will juft balance one 
another, fince all the parallels EF &c to the bafe will 
be bifeéted, as well as the bafe itfelf, and fo the two 
halves of each line will juft balance each other. There- 
fore, putting the bafe BC == 4, and the axis or bifecting 
line AD = a, the variable part AS == x; then, by 
fimilar triangles AD ; BC :: AS: EF, that is @ : 


ce 2 = == EF; which, as a weight, multiplied by 


a, gives Se for the fluxion of the weights; and this 


again multiplied by + = AS, the diftance from A, gives 
ae 
== for the fluxion of the momenta; the fluent of 





3 2 
which, or bet divided by = the fluent for the weights, 
a a 


gives 3x == 3AS for the diftance of the centre of 
gravity from the vertex A in the triangle AEF; and 
when x =: AD, then 3AD is the diftance of the centre 
of gravity of the triangle ABC. 

Lhe fame otherwife, without Flexions.—Since a line 
drawn from any angle to the middle of the oppofite 
fide paffes through the centre of gravity, therefore the 
interfeétion of-any two of fuch lineg, will be that 
centre : thus then the centre of oti «is in the line 
AD; and it is alfo in the line CG bifeQing AB; it is 
therefore in their interfection S. Now to determine 
the diftance of S from any angle, as A, produce CG 
to meet BH parallel to AS in H; then the two tri- 
angles AGS, BGH are mutually equal and fimilar ; for 
the oppofite angles at G are equal, as.are the alternate 
angles at H and S, and at A and B, alfo the fide AG — 
BG; therefore the other fides BH, AS are equal. 
But the triangles CDS, CBH are fimilar, and the fide 
CB = 2CD, therefore BH or its equal AS = 2DS, 
that¥is AS = 3AD, the fame as was found before. 
And in like manner CS = 3 CG, 

8, In 
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&. In & Trapexinm.. Divide the figure itita two tri- 
‘angles by the diagonal AC, and find the centres of 
gravity E and F of thefe triangles; join EF, and find 
the ‘common centre G of thefe two by this ptoportion, 
feeeAne 1: FG: EG, or ABCD: ADC:: EF: 
In like manner, for any other figure, whatever be the 
number of fides, divide it into feveral triangles, and 
find the centre of gravity of each; then connect two 
centres together, and find their common centre as 


cabove ; then conneét this and the centre ofa third, and 


find the common centre of thefe; and fo on, always 
connedling the laft foand common centre to another 
centre, till-the whole are included in this proces; fo 
fhall the aft common centre be that which is required. 











g. In the Parabola BAC. Put AD =x, BD =y, 
and the parameter = p. Then, by the nature of the 
figure, px <= y”, and ay = 2px; hence 2%/px 
is the Auxion of the weights, and *x*4/px is the fluxion 
of the momenta; then the fluent of the latter divided 


by that of the former, or $x * Wp divided by$xt yp, 
gives jx = AD, for AG, the diftance of the centre 
of gravity G from the vertex A of the parabola. 





10. In the Circular Are ABD, confidered as a phy- 
fical line having gravity. It is manifeft that the centre 
of gravity G of the arc, will be fomewhere in the axis, 
or middle radius BC, C being the centre of the circle, 
which is confidered as the point of fufpenfion. Sup- 
eT F indefinitely near to A, and FH parallel to BC. 

‘ut the radius BC or AC == r, the femiarc AB = z, 
and the femichotd AE = x; then is AH = %, and 
AF = % the fluxion of the weights, and thercfore 
CE x & is the fluxion of the momenta. But, by fi- 
milar triangles, AC orr: CE:: AF or 2: AH or 43 
therefore rx = CE x %, and fo rx is alfo the fluxion of 
the momenta; the Auent of which is rx, and this di- 
AC x AE 


AB 


= CG the diftance of the centre of gra- 


vided by x the weight, gives= _ 
% & 

AC x AED 
ABD 

vity from the centre C of the circle; being a 4th pro- 

portional to the given arc, its chord, and the radius of 


the circle. 
Vouk 
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Hence, when the arc becomes the femicircle ABK, 
. ? r 

Ta" 15708r = +5708 
= '6366r, viz a third proportional to a quadrant and 
the radius. 

it. dn the Circular Sefer ABDC. Here alfo the 
centre of gravity will be in the axis or middle radius 
BC. Now with any fmaller radius defcribe the con- 
centric arc LMN, and.put the radius AC or BC = r, 
the arc ABD =a, its chord AED == ¢, and the varia- 
able radius CL or CM = y; then ase: y::a@: 


fe the arc LMN, andriyiic: ee the chord 
© 


the above expreffion becomes 


LON ; alfo, by the laft article, the diffance of the 


centre of gravity of the arc LMN is Sits LON 





CM x AED oe 
pes = g, hence the arc LMN or mutti- 
ABD a r 


plied by j gives = the fluxion of the weights, and this 
multiplied by the diftance of the common centre of 
gravity, gives the fluxion of the momenta; the 
fluent of which, viz z, divided by x, thie Avent of 


the weights, gives 2 for the diftance of the centre of 
gravity of the feéter CLEN from the centre C; and 
when y = r, it becomes 27 == CG for that of the 


3a 

fe€tor CABD propofed; being 3 of a 4th proportional 
tothe arc of the fector, its chord, and the radius of 
the circle. 


Hence, when the fector becomes a femicircle, the latt 
4r” 2iC* 


expreffion becomes = sy or } of a 3d propor- 
a 


tional to a quadrantal are and the fadius. Or it is equal 


to t= °4244r from the centre C; where po> 3°1416. 


aS 
aft i 7 B 
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12. In the Cone ADB. Putting 2 = DC, é = area. 
of the bafe AEB, and. x = De any variable altitude ; - 


then as a*s ai: 8: 
Mm 


bx 
“> =z area ach; hence the flux- 
a 


ion 
* 
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: og Bee a or the folid, is 
jon of the weights oe whofe fluent, or the folid, is 


«6x3 P . bxt% ye 
ze and the fluxion of the momenta 1s —7-» whofe 
ar: : a 


: . . 
fluent is ee then this fluent divided by the former 
a 


fluent gives tx or {Dc for the diftance of the centre of 
«gravity of the cone Dad, or {DC for that of the cone 
DAB below the vertex D. B . ‘ 

‘And the fame is the diftance in any other pyramid. 
So that all pyramids of the fame altitude, have. the dame 
centre of gravity. 

13. In like manner are we to proceed for the centre 
ef gravity in other bodies. - Thus, the altitude of the 
tegment of a fphere, or {pheroid, or conoid, being +54 

» being the whale of that axis ittelf; then the diftance of 
the centre of gravity in cach of thefe bodies, from she 
‘vertex, wil be as follows, viz, . 

ees ta the fphere or fpheroid, © : 

2 $x in the femifphere or femifpheroid, : 

+: 4x in the parabolic conoid, nk 

“gat 4x. : : 

os ba past in the hyperbolic conoid. 

Me Lo determine the Centre of Gravity in any Body 
| Mechanically, Lay the body on the edge of any thing, 
asa triangular prifm, or fuch like, moving it back- 
wards and forwards till the parts on both fides are in 

. re ete then is that line juft-in, or under the centre * 
© Pa Balance it again in another pofition, to 
find another line pafling through the centre of gra~ 

_ wity ; then the interfecton of thefe two lines will give 
the place of that centre irfelf. 





‘ The fame may be done by laying the body on an. 


horizontal table, as near the edge as poflible without 
its falling, and thas in two pofitions, as lengthwife and 
Breadthwife: then the common interfetton of the two 
fines contiguous to the edge, will be its centre of gra- 
‘ vity. Or it maybe done by placing the body on the 
point of a ityle, &c, till it reft inequilibrio. It was by 
this method that Borelli found that the centre of gra- 
vity in a human body, is between the nates and pubis 5» 
fo that the whole gravity of the body is collected into 
the place of the genitals; an inftance of the wifdom of 
the creator, placing thé membrum virile in the part, 
which is the moft convenient for copulation. 
“Tbe fame otberwife thus. Hang the body up by any, 
oint; then a plumb-line hung over the fame point, 
will pafs through the centre of gravity 5 becaufe that 
contre will always defcend to the lowelt point when the 
body-comes to reit, which it cannot do except when it 
fats in the plumb line. ‘herefore, marking that line 
‘upon it, and fufpending the body by another point, 
with the plummet, to find another fuch line, the inter-- 
feftion of the two will give the centre of gravity. f 
Or thyti» Hang the body by two firings from the 
fame tack, ,but fixed to different points of the body ; 
then a plimme:, hung: by the fame tack, will fall on 
the centre of gravity. Ve ea 
{n the 4th volume of the New Ads of the Academy 
of Peterfourgh, is the demonftration of a*very generat 
theorem. concerning centres of gravity, by M. Lauilier 5 
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a particular example only of the: general propofition, 
will be as follows: Ler A, B, C, be the centres of gra- 
vity of three bodies; @, 6, ¢ their refpective maffes, and 
Q their-common centre of gravity. Let right lines 
QA, QB, QC, be drawn from the common centre to , 
that of each body, and the latter be connected by right 
lines AB, AC, and BC; then ; 7 

Ce hat OE hae a oe 

2 a * oy at 2 ie 
AB*xX aie x a4bde + BC’ x ray re 

Ujes of the centre of Gravity. This point is of the” 

reatett ufe in mechanics, and many important concerns - 

in life, becaufe the place of that centre is to be contig, 
dered as the place of the body itfelf in computing me-" 
chanical effeéts ; as in the oblique preffures of bodies, 
banks of earth, arches of bridges, and fuch like. ° 

The fame centre is even ufetul in finding the fuperfi-. 
cial and folid contents of bodies; for it is a general. 
rule, that the fuperficies or folid generated by the rota- 
tion of a line or plane about any axis, is always equal ta 
the produét of the {aid line or plane drawn into the cirs 
-cumference or path de(cribed by the centre of gravity’ | 
Forexample, it was foundabove at art.11, thatina femi- ' 
circle, the diftance of the centre of gravity from the cen+- 





tre of the circle, is 4” ; and therefore the path of that 


centre, or circumference defcribed by it whilft the fe+ - 
micircle revolves about its diameter, is $r; alfo thd 
area of the femicircle is pr; hence the produ of thd 
two is prs, which, it is well known, is equal to the fos 
lidity of the {phere generated by the revolution of thé 
femicircle.: 4 iaae: 7 
‘And hence alfo is obtained another method of find. 
ing mathematically the centre of gravity of a line og 
lane, from the contents of the fuperficies or folid gene~ 
rated by it. For if the generated fuperficies or folid be 
divided by the generating line or plane, the quotient 


_will be the circumference defcribed by the centre of 


gravity ; and confequently this divided by 2p gives the 
radius, or diftance of that centre from the axis of rota~ 
tion. So, inthe femicircle, whofe area is ipr*, and the’ 
content of the {phere generated by it tpr55 here the 
latter divided by the former is §r, and this divided by 


a for the diftance of the centre of gravity 
from the axis, or from the centre of the femicircle. 
‘The property laft mentioned, relative to the relation 
between the centre of gravity and the figure generated 
by the revolution of any Jine or Jane, is mentioned by 
Pappus, in the preface to his 7th Poole ; and father Gul+ 
din has more fully demonttrated it in his 2d and 3d 
books on the Centre of Gravity. : $3 

The principal writers on the centre of gravity are 


2p gives 


- Archimedes, Pappus, Guldini, Wallis, Cafatus, Carré, 
_ Hays, Wolfius, &c. f y 


Centre of Gyretion, is that point in which if the 
whole mafs be collected, the fame angular velocity will 
be generated in the fame time, by a given force adting 
at any place, as in the body or fyftem ivelf. This point .- 
differs from the centre of ofciilation, in as much as in 
this latter cafe the motion of the body is produced by 
the gravity of its own particles, but in the cafe of the 

: oe 2” Sentre 
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centre of gyration the body is put in motion by fome 

@ther force ating at one place only. ~~ sais 

£ To determine the Centre of Gyration, in any body, or 
: ies of bodies compofed of the parts A,B,C, &c, 

thoving about the point S, when urged by a force f ad- 
ing at any point P. Tec R be that centre; then, by: 
mechanics, the angular velocity generated in the fyftem 
; A> SA* 4 B «SB? + C7. SC* &e’ 
and, by the fame, the angular velocity of the matter 


placed all in the point R, is. ZAR. _ - Ss 
« ‘ bes Ap B+ C &e x SRE 
then fince thefe two are to be equal, their equation will, 


. At + SR? » «Scr 
givesR= /2 SAt + B+ SB? 4°C.-SC Be. 


A+B+4C & 
the diftance of the centre of gyration fought, below the 
axis of motion. : ee 
, Now becaufe the quantity A: SA* + B- SB* 4 &c 
ig — SG -SO- 4, where G is the centre of gravity, O 
the centre of ofcillation, and 4 the whole body or fum 
of A, B, C, &c; therefore it follows that SR* 
SG “SO; that is, the diftance of the centre of gyra- 
tion, is a mean proportional between thofe of gravity . 
and ofcillation. : a 
~ And hence alfo, if’ dendte any particle of a body, 
placed at the diflance d from the axis of motion; then is 
§R fum of all the pda 
body 6 

R may be determined in bodies ky means of Floxions, 
? Centre of an Myperbola, is the middle of the axis, - 
or of any other diameter, being the point without the 
figure in which all the diameters interfeét one another; 
and it is common to all the four conjugate hyperbolas, 

Centre of Magnitude, is the point which is equally 
diftant from all the fimilar external parts of a body. 
This is the fame as the centre of gravity in homoge- 
neal bodies that can be cut into like and equal parts ac- 
cording to their length, as in a cylinder or any other 

rifm, whee oe 

Centre of Motion, is the point about which any 
body, or fyftem of bodies, moves, in a revolving mo~ 
tion. ee ; ‘ aA 

Cenres of Ofcillation, is that point in the axis or 
line of fafpenfion of a vibrating body, or fyftem of. 
bodies, in which if the whole matter or weight be col: 
leéted, the vibrations will till be performed in the fame - 
time, and with the fame angular velocity, as before. 
Hence, ina compound pendulum, its difance from the. 
point of fafpention is equal to the length of a fimple 
pendulum whofe ofcillations are ifochroaal with thofe 
of the compound one. 7 ua at 
.. Mr. Haygens,,.in his Horologium Ofcillatorium, 
firit thewed how to find the centre of ofcillation. At 
the beginning of his difcourfe on this fubje@, he fays, 
that Merfennus fist propofed the problem to him, 
while he was yet very young, requiring him to refalve 
in in the cafes of feétors of circles falpended by their 
angles, and by the middle of their bafes, both when 
they ofcillate fideways and flatways; as alfo for triangles 
aad the fegments of ciscles, either fufpended from their 
sesteg us tite middle of theipbales. But, fays he, not 


by the force f, is as 








; from whence the point 
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having immediately difcovered any. thing that wdld 
open a paffage into this bufinefs, I was repulfed at firft 
fetting out, and topped from a further profecutien of the 
thing ; till being farther incited to it by adjuiting the 
motion of the pendulums of my clock, I furmounted 
all difficulties, going far beyond Defcartes, Fabry, and 
others, who had done. the thing in a few of the moft 
eafy cafes only, without any fuficient demonftration 5 
and folving not only the problems propofed by Mezfen- 
nus, but many others that were much more dificult, 
and fhewing a general way of determining this centre, 
in lines, fuperficies, and folids. res 

In the Leipfic Aéts for 1691 and 1714, this do@rine 
is handled by the two Bernoulfis: and the fame is alfo, 
done by Herman, in his treatife De Motu Corporuam 
Solidorum et Fluidorum. a 

It'may alfo be feen in treatifes on’the Inverfe Method 
of Fluxions, where it is introduced as-one of the exam- 
ples of thar method. See Hayes, Carré, Wolfus, &c. 

To-determine the Centre of Ofcillation, in any Com- 
pound Mafs or Body MN, or of any Syftcm of Bodies” 
A, B,C, ke, : 





Let MN be the plane of vibration, to which + 


‘plane conceive a‘l the matter to be reduced. by let~ ; 


ting fall perpendiculars to this plane from every par + 
ticle in ‘the body; a fuppofition which will not al-- °+ 
ter the vibration of the body, becaufe the particles are” 
ftill at the fame diftance from the axis of motion, “Let! 
O be the centre of ofcillation, and G the centre of gya<j 
vity ; through the axis S draw SGO, and the horizon.” | ; 
tal line ST; then from every particle A, B, C, &c, let» 
fall perpendiculars Aa and Ag, Bé and Bg, Ce and Cr. 
&c, to tkefe two lines; and join SA, SB, SC; allo 
draw Gm and On perpendicular to ST. eee te 
Now the forces of the weights A, B, C, to turn-the: 
body about the axis, are A> Sp, B+ Sg, —C» Sr; and, 
by mechanics, the forces oppofing chat motion are 
A- SA*, B- SB, C+SC?; therefore the angular mo- = 
. dinshe(ytem sho? ct B87 = CS i 
tion generated in the fy em is os Se 
In like manner, the angular velocity which any body or 
particle p, fituated in O, generatcs in the fyftem, by its 4 


So ke i oes ee ken oe! 
weight, sO” So oe SES’ becanfe . 
: a gn eee 


ere Mmzi, o . 7 
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triangles SGm, SOx. But, by the condi- 
aguh? ‘ptoblem, the vibrations are performed alike 
in Hoth thefé cafes; therefore thele two expreffions 
é : gs 
mut be equal to each other, that is Gr 
A‘+Sp 4+ B+Sy —C+Sr 
AT SATE BSB? 4 C SCH Ad confequently SO 





— 5m. ASA? BYSB*4C-SC* : 
= 3G BS 43S CS” But, by mechanics 


again, the fum of the forces A - Sp + B- Sg—_C+ Sr 
is equal A+ B + C~Sm.the force of the fame matter 
colleGted all into its centre of gravity G; and therefore 
so A+ SA* 4+ B-SB* + C-SC? 
(A+B+4C)-SG 


» which is’ the 


diftance of the centre of ofcillation O below the axis of 


fufpenfion, 2 
Farther, becanfe it was. found under the article 
Centre of Gravity, that (A 4+B+4C) + SGM A+ Sa + 
BSBacs fore SO = A:SA?4 BSB? 4 C-SC* 
+C'Sc, therefore = KSa 4BSb fCSe~ 
“is the fame diftance of the centre of ofcillation; where 
any Of the produdts A+ Sa, B- Sé, &c are to be taken 
Negatively when the points a, 4, &c lie above the point 
S, or where the axis paffes through. : 
Again, becaufe, by Evcl. If 12 and 13, 
. (8 at is SA® 2 SG? 4 GA? —= 2SG: Ga, 
' " “and SB? = SG* + GB 4 2SG + Gé, 
and SC* = SG? 4 GC* 4 28G : Gr, &c3 


and becaufe by Mechanics, the fam of the laft terms is no- 
thing, namely—2SG-Ga+ 2SG'Gb 4 2SG'Ge &e = 03 
therefore the fum of the others, or A*SA?4B-SB* &c 
= A+ Bac SG* + A-GAt + BGB* 4 C-GC* &e, or 
== 6 + §$G* + AGA? + B-GB? + CGC? &c; 
where & denotes the body, or fum A +8 +,C & of 
all the parts: this value then being fubftituted in the nu- 
merator of the 2d value of SO ares it becomes 
B-SG* 4+ A'GA’ + B:GB* &c 

eS = NG eae 
A:GA* + B- &c, 
so = SG +7356 3G 

From which it appears that the centre of ofcilla- 
tion is always below the centre of gravity, and that 
the difference or diftance between them is 

A+ GA? + B- GB? & 
GO" BSG . 

It farther follows from hence, that 8G:GO = 

‘GAt4B-GB? : 
A:GA*+ B'GB® Ge | shat is, the re@angle SG- GO is 

the body 4 : 

always the fame conflant quantity, wherever the point 
of fufpenfion S is placed, fince the point G and the 
‘bodies A, B, &c, are conflant. Or GO is always 
reciprocally as $G, that is GO is lefs as SG is greater ; 
and the points G and O coincide when SG is infinite ; 
buc when S coincides with G, then GO is infinite, or 
O is at an infinite diftance. 
* Lo find the Centre of Ofcillation by means of Flaxions. 
From the premiles is derived this general method for 
the centre of ofcillation, viz, let x be the abfciffa ofan 
ofcillating body, and y its correfponding ordinate or fec- 
tion; then will the diftance SO of the centre of ofcil- 
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lation below the axis of fufpenfion §, be equal ta.vhe, 
fluent of yx*x divided by the Auent rage Se that, 
if from the nature or equation of any given figare, the 
value of be expreffed in terms of x, or otherwif,, and 
fubftituted in thefe two Aaxions; then the fuents being 
duly found, and the one divided by the other, the.quo- 
‘tent will be the diftance to the centre of ofcillation in. 
terms of the ab{cifs x. 2 \ . 

But when the body is fulperded: by a very fine thread 
of a given length a, then the Auent of a - 2x1*, yx di- 
vided by the fluent of a 4 x 2 gives the diftance of 
the famé centre of ofcillation below the point of fuf- 

fion, 

We For example, in a right line, or rectangle or cy- 
linder or any other prifm, whiofe conftant fection is y, or. 
the conftant quantity, 2; thenyx*x is ax**, whofe fluent 
is yax!; allo yxx is axx, whofe finent is tax*; and the. 
quotient of the former jax* divided by the latter Jax, 
is $x for the diftance of the centre of ofcillation below 
the vertex in any fuch figure, namely having every 
where the fame breadth or feétion, that is, at. two- 
thirds of its length. 

In like manner the centre of ofcillation is found for 
various figures, vibrating. flatways, and are as they are 
expreffed below, viz, , 


Nature of the Figure. 


Lfofceles triangle 
Common Parabola 


When fufpended by Vertex. 


3 of its altitude 
4 of its altitude 
sat X its altitude. 
gmt 

As to figures moved laterally or fideways, or edge~ 
ways, that is about an axis perpendicular to the plane 
of the figure, the finding the centre of ofcillation is 
fomewhat difficult ; becaufe all the parts of the weight 
in the fame horizontal plane, on account of their un> 
equal diftances from the point of fufpenfion, do not 
move with the fame velocity ; as is thewn by Huygens, 
in his Horo], Ofcil. He found, in this cafe, the dif. 
tance of the centre of ofcillation below the axis, viz, 
In a circle, - - 3 of the diameter; . 
Ina re@angle, fufp. by one angle, 3 of the diagonal: 
Ina parabola, fufp. by its vertex, 3 axis + } param. 
The fame fufp. by mid. of bafe, 4 axis + 4 param.. 
garc x radius | 





<Any Parabola 


In a feétor of a circle 


4 chord : 
: ._ , Tadiusbafe* 
I * % 4 2 
a cone Ba ar ae axis 
2r* Aen 
Ina {phere - -. & + — where r is 


the radius, and g == 2 + r the rad. added af the length 
of the thread. 
See alfo Simpfon’s Flaxions, art. 183 &c. « 
Yo find the Centre of Ofcillation Mechanically or Ex- 
perimentally. Make the body ofcillate about its point of 
fifpenfion ; and hang up alfo a fimple pendulum of 
fuch a length that ic may vibrate or juit keep time with 
the other body: then the length of the fimple pendu- 
lum is equal to the diftance of the centre of ofcillation 
of the hody below the point of fufpenfion, 
Or it will be ftill beter found thus: Sufpend: the 
body very freely by the given point, and make it vibrate 
in 
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in fmalt atcs, counting the vibrations it makes in any 
portion of time, asa minute, bya good ftop watch ; 
and let that number of ofcillations made ina mimute be 
called x; then fhall the diftance of the centre of ofcil- 


tation be SO = 140850 i 


= inches, 

nm 

the pendulum vibrating feconds, or 60 times in a mi- 

nute, being 39} inches, and the lengths of pendulums 

being reciprocally as the {quare of the number of vi- 

brations made in the fame time, therefore 2? : 60°; : 
. . 140850 


397) 


For, the length of 


the length of the pendulum which vi- 


brates » times in a minute, or the diftance of the centre 
of ofcillation below the axis of motion. 

Centre of Percuffion, in a moving body, is that 
point where the percuffion or ftroke is the greateft, in 
which the whole percutient force of the body is fap- 
pofed to be colleGted ; or about which the impetus of 
the parts is balanced on every fide, fo that it may be 
ftopt by an immbveable obflacle at this point, and reft 
on it, without a€ting on the centre of fufpenfion. 

1. When the percutient body revolves abouta fixed 
point, the centre of percuffion is the fame with the cen- 
tre of ofcillation; and is determined in the fame manner, 
viz, by confidering the impetus of the parts as fo many 
weights applied to an inflexible right line void of gra- 
vity ;' namely, by dividing the fum of the produéts of 
the forces of the parts multiplied by their diftances 
from the point of fafpenfion, by the fum of the forces. 
And therefore what has been above hewn of the centre 
of ofcillation, will hold alfo of the centre of percuffion 
when the body revolves about a fixed point. For in- 
ftance, that the centre of percuffion in a cylinder is at 
of its length from the point of fufpenfion, or that a 
itick ofa cylindrical figure, fuppofing the centre of mo- 
tion at the hand, will ftrike the greateft blow at a point 
about two-thirds of its length from the hand. 

2. But when the body moves with a parallel motion, 
or all its parts with the fame celerity, then the centre 
of percuffion is the fame as the centre of gravity. For 
the momenta are the produéts of the weights and ce- 
lerities ; and to multiply equiponderating bodies by the 
fame velocity, is the fame thing as to take equimultiples; 
but the equimultiples of equiponderating bodies do alfo 
equiponderate ; therefore equivalent momenta are dif- 
pofed about the centre of gravity, and confequently in 
this cafe the two centres coincide, and what is fhewn of 
the one will hold in the other. 

Centre of Percuffion in a fluid, is the fame as out- 
of it. 

Centre of a Parallelogram, the point in which its 
diagonals interfect. 

Centre of Prefure, of a fluid againtt 2 plane, is 
that point againft which a force being applied equal and 
contrary to the whole preffure, it will jut fuftain it, fo 
as that the body preffed on will not incline to either 
fide.—This is the fame as the centre of percuffion, fup- 
poling the axis of motion to be at the interfeRion of 
this plane with the furface of the fluid ; and the centre 
of preffure upon a plane parallel to the horizon, or upon 
any plane where the preffure is uniform, is the fame as 
the centre of gravity of thaf plane, Emerfon’s Me- 
chanics, prop. 91. 
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Centre of 2: Regular Polygon, or. Regular Body, is 
the fame.as that of the infcribed, or circumi{cribed cir- 
cle or {phere. - . 

Centre of a Sphere, is the fame as that of its gene- 
rating femicircle, or the middle point of the fphere, 
from whence all right lines drawn to the fuperficies, are 
equal. : 

-CENTRING of an Optic Glafs, the grinding it fo as 
that the thickel part be exaétiy in the mégdle. : 

Caffini the younger has'a difcourfe exprefsly on the 
neceffity of well centring the obje& glafs of a large te~ 
lefcope, that is, of grinding it foas that the centre may 
fall exa@ly in the axis of the telefcope.. Mem. Acad. 
1710: : 

Indeed one of the greateft difficulties in grinding 
large optic glaffes is, that in figures fo little convex, the. 
leatt difference will throw the centre two or three inches 
ouc of the nriddte. And yet Dr. Hook remarks, that 
though it were batter the thicket part of along objedt 
glafs were exadtly in the middle, yet it-may be a very 
good one when it is an inch or two out of it, Philof. 
Tranf. No 4. . 

CENTRIFUGAL Force, is that by which a body 
revolving about a centre, or about another body, en- 
deavours to recede from it, And oo 

CENTRIPETAL Force, is that by which a moy- 
ing body is perpetually urged towards a centre, and 
made to revolve in a curve, inftead of a‘right Jine. 

Hence, when a body revolves in a circle, thefe two 
forces, viz, the centrifugal and centripetal, are equal 
and contrary to each other, fince neither of them gains 
upon the other, the body being in a manner equally 
balanced by them. But when, in revolving, the body 
recedes farther from the centre, then the centrifugal 
exceeds the centripetal force; as in a body revolvin 
from the lower to the higher apfis, in an ellipfe, an 
refpeéting the focus as the centre. And when the re- 
volving body approaches nearer to the centre, the cen- 
trifogal is lefs than the centripetal force ; as while the 
body moves from the farther to the nearer extremity of 
the tranfverfe axis of the ellipfe :. the two forces being 
equal to each other only at the very extremities of that 
axis. 

It is one of the eftablifhed laws of nature, that all 
motion is of itfelf reCtilinear, and that the moving body 
never recedes from its firft right line, till fome new im- 
pulfe be fuperadded in a different direction: after that 
new impulic the motion becomes compounded, but it 
is till -re@ilinear, though not in the fame line or di. 
rection as before. ‘To move in a curve, it mutt re- 
ceive a new impulfe in a different dire€tion every mo- 
ment; a curve not being reducible to any number of 
finite right lines. If then a body, continuolly drawn 
towards a centre, he projected in a line that does not 
pals through that centre, it will defcribe a curve; in 
each point of which, as A, it will endeavour to recede 
from the curve, and proceed in the tangent AD; and 
if nothing hindered, it would atually proceed in it ; 
fo as in the fame time in which 1t defcribes the arch 
AE, it would recede the length of the line DE, per- 
pendicular to AD, by its centrifugal force: Or being 
projected in the dircétion AD, but being continually 
drawn out of its direCtion into a curve by a centripetal 

: force, 
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‘force, fo as to fall below the line of dire@tion by the 


perpendicular fpace DE: ‘Then the centrifugal or cen- 


tripetat force is as this line of deviation DE; fuppofing © 
the arch AE indefinitely fmall. . ~ 5: 





A D 43: 





The dogtrine of centrifugal forces was firft mentioned 
by Hay gens,at the end or his Horologium Ofcillatorium, 
publithed in 1673, and demonttrated in the volume of 
his Poitthumous Works, asalfo by Guido Grando; where 
he has given a few eafy cafes in bodies revolving in the 
circumference of circles. But Newton, in his Principia, 
was the firft who fully handled this doétrine; at leaft 
as far as regards the conic fections. After him there 
have been feveral other writers upon this fubject; as 
Leibnitz, Varignon in the Mem. de PaAcad. Keil in 
the Philof. ‘lranf, and in his Phyfics, Bernoulli, Her-. 
man, Cotes in his Harmonia Menfurarum, Maclaurin 
in his Geometrica Organica, and in his Fluxions, and 
Euler in his book de Motu, where he confiders the 
curves defcribed bya body aéted on by centripetal 
forces tending to feveral fixed points. 204 

"See alfo the art. Central Forces, where this doétrine 


-is more fully explained: ; 


_CENTROBARICO, the fame as centre of grae 
vity. 6 oom : : ; « 

.CenTRORARLC-Method, is a method of determining 
the quantity of a furtace or folid, by means of the ge~ 
nérating line or plane, and its centre of gravity.. ‘The 
doctrine is chiefly comprized in this theorem : 

Every figure, whether fuperficial or folid, generated 
by the motion of 2 line or plane, is equal to the pro- 
dua of the generating magnitude and the path of its 
eentre of gravity, or the line which its centre of gra- 
vity deferibes, 

;. See more of this fubjec& under the. article Centre of 


. Gravity. : 


f e : 
: CENTRUM, in Geometry, Mechanics, &c. See 
Cenvag.: a ea 

Cextaus Phonicum, in Acouftics, isthe place where 
the fpeaker lands in polyfyilabical and articulate echoes, 
« Centaum Phonocainpticum, is the place or object 
that returns the voice man echo. - : 
- CEPHEUS, a conftellation of the northern hemi- 
{phere, being one of the 48 old afterifms. “The Grecks 
fable that Cepheus was a king of Ethiopia, and the 
father of Andromeda, the princefs who was delivered 
up to be devoured by a {ea moniter, from which the 
was refened by Perfeus. <0 tee ek 

The ftars of this conftellation, In Prolomy’s cata- 
logue are 13, in T'ycho’s'11, in Hevelius’s 51, and in 
the Britannic catalogue 35. ; j : 

CERBERUS, one of the new conftellations formed 
by Hevelius out of the unformed ftars, and added to 
the:48 oli atterifms. Te contains:only.g stars, which 
are enumerated under Herepics in the Britannic ta- 
aalozue. : 
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CETUS; the Whale, a fouthern conftellation, and 
one of the 48 old aiterifms,. ‘The Greeks pretend that 
it was the fea-montter fent by Neptune to devour An- 
dromeda,. but was killed. by Perfeus. 

In the neck of the whale isa remarkable ftar, 
Collo Ceti, which appears and difappears periodically, 
or rather grows brighter and fainter by turns, owing 
it is fuppofed to the alternate turning of its bright 
and dark fides towards us, as it revolves upon Its axis, 
or elfe owing to the far having a flattifh torm. The 
period of its changes is about 312 days.  Bullialdus 
in Phil. Tranf. vol, 2, Hevelius ibid. vol. 6, Herfchel, 
ibid. vol. 70, Marald. ia Mem. Acad. 1719, | 

The ftars in the conftellation Cetus, in Ptolomy’s 
catalogue, are 22, in Tycho’s 21, in Hevelius’s 45, 
and in the Britannic catalogue 97- 

CHAIN, in Surveying, is a lineal meafure, confift. 
ing of a certain number of iron links, ufually 100: 
ferving to take the dimenfions of fields &c. 
“At every roth link is ufually fattened ‘a fimall bra 
plate, with a figure engraven upon it, or elfe cut into 
diferent fhapes, to thew how many links it is from one. 
end of the chain. , xe 

Chains are of various kinds and lengths; as : 

#. A chain of 100 feet long, each fink one foot, for 
meafuring of large diftances only, when regard is not 
propofed to be had to-acres &c, in the fuperticial con. 
tent. Y 

2A pee of one pole or 16 feet and a dalf in 


‘length ; efpecially ufeful in meafuring and laying out 


gardens and orchards, or the like, by the pole or rod 
meafure. g — / 

3. Achain of 4 poles, or 66 feet, or 22 yards, inlength, 
called Gunter’s chain, and is peculiarly adapted to the 
bufinefs of Surveying or Land-meafuring, becaufe that: 
10 {quare chains jut make aneEnglith acre of land; fo 
that the dimenfions being taken in thefe chains, they 
are readily turned into acres by dividing by 10, or 
barely cutting off the laf figure from the (quare chains. 
But it is till better in practice to procced thus, viz, 
count the dimenfions, not in chains, but all in links; then, 
the contents are in fquare links; and five figures being 
cut off for decimals, the reft are acres; that is four 
figures to bring the fquare links.to {quare chains, and 4 
one more to bring the fquare chains to acres. 

Inthis chain, the links are cach 7 inches and .%p, ' 
Or 7"g2 inches in length, which is very nearly } of a 
foot.” And hence any number of chains or links are ” 
ealily brought to feet or inches, or the contrary: the” 

eft way of doing which is this: multiply the number 
of links by 66, then cut of two figures for decimals, 
and the reit are fect ; or multiply links by 22 for yards, 
cutting offtwo figures, 2 |. 
> CHALDRON, of Coals, an Englifh ‘dry meafure 
of capacity confifting of 36 bufhels heaped up. c 

The chaldron of coals is accounted to weigh about ” 
2zc00 pounds.—On fhip board, 21 chaldrons of coals 
are allowed to the {core. | a 4 ‘ 
“CHAMBER of 4 Mortar, or fome cannon, 1s 8 cell | 
or cavity at the bottom of the. bore, to receive the’ 
charge of powder. : : 7 i 
_ nis not found by exparience that ‘chambers have“ 

5 eR NTS any 
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any (enfible effedt on the velocity of the fhot, unlefs in 
the large% ordnance, as mortars of very large cannon. 
Neither is it found that the form of them is very mate- 
rial; a {mall cylinder is as good as any; though ma- 
thematical fpeculations may fhew a preference of one 
form over another. But in praétice, the chief point to 
be obferved, is to have the chamber of a fize jyft to 
contain the charge of powder, and no more, ‘that the 
ball may lie clofe to the charge ; and that its entrance 
may point exaétly to the centre of the ball. : 
» CHAM3ERS (Epuraio), author of the dictiona- 
“ary of fciences calfed the Cyclopedia. He was born at 
. Milton, in the county of Weftmoreland, where he re- 
ceived the common education for qualifying a youth 
for trade and commerce. When he became of a proper 
age, he was put apprentice to Mr. Senex the globe~ 
maker, a bufinefs which is conne&ted with literature, 
efpecially with geography and aftronomy. [t was dur- 
ing Mr. Chambers’s refidence with this fkilful aftift, that 
he xcquired that tafte for literature which accompanied 
him through life, and directed all bis purfuits, It 
‘was even at this time that he formed the defign of 
his grand work, the Cyclopzdia; fome of the firft ar- 
ticles of which were written behind the counter. To 
have leifure to purfue this work, he quitted Mr. Senex, 
and took chambers at Gray’s Inn, where he chiefly re- 
fided during the rett of his life. “The firt edition of 
thé Cyclopedia, which was the refult of many years 
intenfe application, appeared in 1728, in 2 vols folig. 
The reputation chat Mr. Chambers acquired by the 
execution of this work, procured him the honour of 
being ele€ted, F.R.S. Nov. 6, 1729.° Intefs than ten 
years time; a fecond edition beame neceffary ; which 
accordingly was printed,’ with corretions and ad- 
’ Mitions, in 17385 and this was followed by a third edi- 
tion the very next year. : 
~~ Although the Cyclopwdia was the chief bufinels of 
Mr. Chambers’s life, and may be regarded as almoft 
the fole foundation of his fame, his attention was not 
wholly confined to this undertaking. He was concern- 
td ina periodical publication, called, The Literary Ma- 
gaxine, which was begun in 1735. In this work he 
Wrote a variety of articles; particularly a review of 
Morgan’s Moral Philofopher. He was alfo concerned 
with Mr. John Martyn, profeffor of botany at Cam- 
tridge, in preparing for the prefs a ‘tranflation and 
abridgment of the Philofophical Hiftory and Memoirs of 
the R. Academy of Sciences at Paris s which work was not 
publithed till 1742, fome time after our author’s de- 
eafe, in ¢ volumes 8vo. 
thor of the tranflation of the Jefiit’s Perfpedtive, from 
the French, in 4to3 which has gone through feverat 
¢ditions, : 
Mr. Chambers’s clofe and unremitting attention to 
his fludies at length impaired his health, and obliged 
him occafionatly to take a.country lodging, but with- 
out much benefit; he afterwards vifited the fouth of 
France, but ftill with litle efedt;’ he therefore returned 
‘to England, where he foon after died, at Iflington, 
May 15, 1740, and was buried at Weftminfter Abbey, 
After the author’s death, two more’ editions of his 
Cyclopedia were publithed. ‘The proprietors after- 
. wards precured 2 fupplemene to be compileds, by Mr. 
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Mr. Chambers was alfo au-.- 


“things. “For, postin 


“two, 
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Scott and Dr. Hill, “but chiefly by the latter) whieh ex- | 
‘tended to two volumes more ; and the whole has fince © 
been reduced into one alphabet in 4 volumes, by Dr, 
Rees, forming a very valuable body of the {ciences. 

CHAMBRANLE, the border, frame, or ornament 
‘of ftone or wood, furrounding the three fides of doors, 
windows, and chimneys. ‘Chis is different in the dife ~ 
ferent orders: when it is plain, and without mouldings, 
it is called fimply and properly, band, cafi, or frame, 
In an ordinary door, it is moftly called daor-cafe ; in a 
window, the windew-frame, 

The Chambranle confifs of three parts; the two 
fides, called afcendants; and the top, called the tras 
verfe or fupercilium. : te 2 
* .CHAMFER, or CHAMFERET, an ornament, in ard. 
chite@ture, confifting of half a fcotia ; being a kind of 
{mall furrow or gutter on a column. : i. 

CMAMFERING, is vfed for cutting: the edge oF 
the end of any thing bevel, or aflope. . ' 

CHANCE, the Dodrine and laws of, are the fama 
as thofe of expedtation; or probability, &c ; which fers 
Chances, in play, confift of the number of ways by 
which events may happen. Thus, if a halfpenny, ot 
other piece of money, be toffed up, there are twd 
events, or chances, or fides that may turn up, namelyy 
one chance for turning up a head, and onc for the con+ 
trary ; that is, it is an equal chance to throw a head 
or not. And in throwing a common die, which has 4 
faces, there are in all 6. chances, that is one chance fos 
throwing an ace or any other fingle point, and 5 
chances againft it; or it is § tox that fuch afligned 
point does not come up. . a : 

Upon this fubjeé, te De Moivre, Simpfon, &c.-' * 

CHANDELIERS, in Fortification, a kind of: 
wooden parapet, confifting of upright timbers fupports 
ing others laid acrofs the tops of them, 6 feet highy 
and fortified with fafcines &c. They are ufed to cover 
the workmen in approaches, galleries; and mines. And 
they differ from Hiods only in this, that the former 
ferve to cover the men before, and the latter over head. 

CHANGES, the permutations or variations of any 
number of things, with regard to their pofition, order, 
&c 3 as how many changes may be rung ona number of 
bells, or how many different ways any number of per- 
fons may be placed, or how many feveral variations may 


_be made of any number of letters, or any otuer things 


propofed to be varied. . 
* La find out fuch numbers of changes, multiply continu 
ally together all the tetms in a feries of arithmetical 
progreffion, whofe firit term and common difference 
are each unity or t, and the laft term the number of 
things propofed to be varied, thus! X 2X 3x 4 X § 
&c. till the Taft number be the propofed number of 
If there be only two things, as a and }, they admit 
of a double order or pofition only ; for they may be’ 
placed either thus aé or thus a, viz, 1 X a == 2 ways. 
If there be three things, a, 6, andc, they @ 
will admit of 6 variations = 1 X 2 fince 
as in the margin, and no mores. there 
each of the three may. be combined. thrae 
different ways with gach of the - other - 
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stAnd if there beg things, éach of them may be com-, 
bined 4: ways with each order of the other three, that 


‘is 4 times 6 ways, ort X 2 X 3 X 4== 24 ways. 


tn ke manner, the combinations 
of 5 thingsare1 x 2X 3K 4% 5 == 120 | 
of 6 things are1 x 2X 3X 4% 5% 6 =720- 
&e, : ; 
So that if it be propofed to affign how many dif- 
ferent ways a company of 6 perfons may be placed, 
at table for infance, the anfwer will be 720 ways. 
Alfo the number of changes that can be rung on 7 bells, 


.arel XZX3X4X5 x6 X 70r720X7= 5040 
* ehanges. ioe 
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CHAPITERS, the crowns or upper parts of a pil- 
lar or column. . ; : 
CHAPPE (Jean v’AuTEROCHE), 2 French aftro- 
nomer, was born at Mauriac, in Auvergne, March 2, 
1728. A tafte for drawing and mathematics appeared 


in him ata very tender age; and he owed ta Dom _ 


Germain a knowledge of the firft elements of mathe- 


_ matics and aflronomy. M. Caffini, after affuring him- 


felf of the genius of this young man, undertook to 
improve it. He employed him upon the map of France, 
and.the tranflation of Halley’s tables, to which he 


_ made confiderable additions. ‘The king charged him 
: in 1753 with drawing the plan of the county of Bitche, 


_ Jn Lorraine, all the elements of which he determined 


| geographically. He occupied him(elf greatly with the 


_ where he oceupied himfelf for fome time in 


two comets of 17603 and the fruit of his labour was” 
his Elementary treatife on the theory of thofe comets, 


enriched with obfervations on the zodiacal light, and 
on the aurora borealis. He foon after went to Toboltk, 
in Siberia, to obferve the tranfit of Venus over the fon; 
a journey which greatly impaired his health, After 
two years abfence he returned to France in 1762, 

puting in 
order the great quantity of obfervations he had made. 
Mr. Chappe alfo went to obferve the next tranfit of 


_ Venus, viz that of 1769, at California, on the welt fide 


of North America, where he died of a dangerous epi- 


" demic difeafe, the 1 of Auguft 1769. He had been 


- named adjuné Aftronomer to the Academy the 17th of 
January 1759. ae 


‘The publifhed: works of M.-Chappe, are, Nes 
+ 1, The Attronomical Tables of Dr. Halley ; with 
obfervations and additions: in 8vo, 1754. °- > 
-. 2. Voyage to California to obferve the tranfit of 
Venus over, the fun, the 3d of June 1769: in 4to, 
4772. ei 
~ 3. He had'a confiderable number of papers inferted 
in the Memoirs of the Academy, for the years 1760, 
¥761, 1764, 1765, 1766, 1767, and 1768; chiefly 
relating to aiftronomical matters, * | - ar 
- CHAPTREL, the fame with Impoft. . aif 


* CHARACTERISTIC, of a Logarithm, the fame. - 
as Index, or Exponent. This term was firft ufed by ~ 


Briggs in the 4th fection of his Arithmetica Loga- 
rithmica, where he treats particularly of it; meaning 
by it, the integral or firft part of a logarithm towards the 
left hand, which exprefles 1 lefs than the integer places 


or figures in the number anfwering to that logarithm, or. 


how far the firft figure of this number is removed ‘from. 
the place of units; namely, that o is the characteriftic 


af all numbers-from 1 to 103 and 1 the charatteriitic 
: as ue ts : 


t 272 J 


“2000000 = MM, &e, ¢ 
- hectic, AL RS eS a ae 
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of all thofe from’ 10 to 100 ;: and’ 2° the charateriftic 
of all thofe from 100 to 1000; and fo on, . 
- CHARACTERS, are certain marks ufed by Aftro- 
nmers, Mathematicians, &c, to denote certain things, 
whether for the fake of brevity, or perfpicuity, in their 
operations; j 
be _ 1, AGTRONOMICAL CHARACTERS. . e 
: as The tewelve Signs or Conftella- 
Planets, Bee tions of the Zodiac. 


© The Sun “1 Aries, the Ram 

p The Moon - & Taurus, the Bull 

® The Earth at Gemini, the Twins 

Y Mercury gs Cancer, the Crab 

‘? Venus - +. § Leo, the Lion 

o Mars | *s mp Virgo, the Maid 
Jupiter x Libra, the Balance 

hb Saturn m™ Scorpio, the Scorpion 


Wo Herfchel, orthe f Sagittary, the Archer: 

~ Georgian Planet . vp Capricorn, the Goat 

& Afcending Node ~ Aquarius, the Water-bearer 
@% Defcending Node % Pifces, the Fithes ; 
- The Afpeds, Time, Motion, Se. 

6 Conjunction o Degrees 

‘8 Oppofition ‘ Minutes or Primes - 


& Sextile “Seconds, &c. Paes ee 
-B Quartile . A, M, Ante merid. or m. morn, - 
a Trine .».” P.M. Poft merid. or a aftern, 


: — h, m, s, Hours, min. fec. _ 
* 2, MaTHEMATICAL Sc. CHARACTERS. | 
¥ Numerical CharaGters ufed by diferent Nations, 
= The moft common numerical charaéters, are thofd 
called Arabic or Indian, viz. 1, 2, 3, 4> 5, 65 7, 8, 
5, with o for cipher or nothing. ‘ 
= The Roman numeral characters are feven, viz, f one; 
‘V five, Xten, L fifty, C a hundred, D or Ig fiv 
 ehiathan M or Dg or Cl5 a thoufand.. ‘Other com- 
inations are as in the following fynopfis of the Roman 
Notation, sas 7 “eo 
3 peep pes : 
“: 2 == [1 As often as any charaéter is repeated, 
°3x HI fo many times its value is repeated; 
4 = UH. or IVi" A lefs charatter. before a 
“5-2 V-~ greater diminithes its value, 
6 == VI: A lefs charafter after a greatér ins 

















2 o> oeve creafes its value, . 
a8 = VII: 
wees gm IX 
;10 se XS 
so=L*~~ 


oo=C . . 2 : a 
-, §00==Dorlg: For every 5 added, this be: 
age "+" comes ro times as many. 5 
_ looo = M or Clg: For every Cand a, fet one at 
2000 = MM [each end, it becomes rotimesas much 
5000 = 159 or V: A line over any number ing 
6o00 == Vi. “ss ereafes it. 1000 fold.- - > 
§ to000 = XorCClgg --- 
§ goooo = IQQD 
2 60000 == LX or CCCIN| 
+ Foo000 = € or CCCIQ|D 3. 
1990000 == M ox CCCCIQ||99- 
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* Greek Nusnerals. 


- The Greeks had three ways of exprefing numbers, 
Firit, The moft fimple was, for every fingle letter, ac 
" gording to its place in the alphabet, to denote a number 
from @ 1 to w.243 in which manner the. bogks of Ho- 
‘gner’s lias are diftinguifhed. Secondly, Another way 
. was by dividing the alphabet into (fr/) 8 units, @ 15 
B2, &c3 (and) 8 tens, s 10, x -20, &e; (3d) 8 
dhandreds, g 100, 7 200, &c: And thoufands they ex- 
“prefied by a point or accent under a letter, as g 1000, 
i@z200, &c. ‘Thirdly, A third way was by fix capi- 
ftal letters, thus, 1 (sa for pte) I, IE (merte) 5, A (dua) 
110, H (Hexalor) 109, X (yaa) 1000, M (wunra) 200002 
“and when the Jetcer MW inclofed any of thefe, except 5, 
it fhewed- that the inclofed letter was five times its own 


Sivatoe, as i] 50, tal 500; [x| 5000, [aj 50000, 


sk ° Hebrew Numerals: 

The Hebrew alphabet was divided into, Nine Units, 
jasN1, 92, &c; Nine Tens, as? 10, 3 20, Nine 
sHundreds, as 5 100, J 200, &c, “J 500, 9 O00, 1 7005 
“¥) 800, ¥ goo.: Thoufands were fometimes exprefled 
iby the units prefixed to hundreds, as sn, 1534, &e. 
yand even to tens, as yxy 1070, &c. But more com- 
:monly thoufands were exprefled by the word 5) 1000; 


‘EQNDDN 20005 and myo with the other numerals 


"prefixed to fignify the number of thoufands, as TDPRI . 


(3000, ke. | 
i Charaéters ufed in Avithmetio thd Algebra.’ 


» "The firft letters of the alphabet, a, 5, ¢, &c, denote 
given quantities; and the lait letters x, y, x, &c, 
enote fuch as are unknown or fgnght. Stifelius firft 

_ufed the capitals A, B, C, &c, for the unknown or re- 
quired quantities. After that, Vieta ufed the capital 
vowels A, E, I, O, U, Y¥ for the unknown or re- 
quired quantitics, and the confonants B, C, D, &c. 

+ for known or given numbers. Harriot changed Vieta’s 

* capitals into the {mall letters, viz a, ¢, i, 0,4, for un- 

~ known, and 4, ¢; ¢, &c. for known quantities. And 
Defcartes changed Harriot’s vowels for the latter les- 
ters 2, y, x, &c,.and the confonants for the leading 
letters, a, 5, ¢, d, &e.-* : 

Newton denotes the feveral orders of the fluxions of 

variable quantities by as many points over the latter 
. letters; : ’ Hh gat? - 
as <,, % are the 1ft fluxions, 
 ¥, 9, & are the 2d fluxions, 
&, 9, are the 3d Buxions, 

&c, of x,y, x. And Leibnitz denotes the dif- 
ferentials of the fame quantities by prefixing d to each 
- of them,: thus dx, dy, des 5 > : . 
- Powers of quantities are denoted by placing the in- 

dex or exponent after them, towards the upper, part ; 


thas a* is the 2d power, a} the third power, and @° the ys 
. # power of a, Diophantus marked the powers by their 7 


* Gnitials, thus 2%, «¥, 98%, dk’, xx”, &c, for dynamis, cu- 
bus, dynamodynamis, &c, or the 2d, 3d, 4th,-&e 
powers; and the fame method has been ufed. by fe- 


veral. of the early writers, fince the introduction of Al- * 


gebra into Europe: but the firit of them, as Paciolus, 
Cardan, &c. ufed no mark for powers, but the words 


ae yn ae 
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themfelves. Stifel, and others about his time, ufed the 
initials or abbreviations Y, 3, $f, 3 3» &c, of res or 
cofs, zenzus, cubus, zenzizenzes, &c, barbarous cor 
ruptions of the Italian cofa, cenfus, cubo, cenfi-cenfut, 
&e, ‘But he ufed alfo numeral exponents, both pofi- 
tive and negative, to the general charaéters or roots 
A,B,C, &c. Bombelli ufed a half circle thus _ as 2 
general chara@er for the unknown or quantity required, 
to be found in any queftion, and the feveral powers of 
it he denoted by figures fet above it; thus 1, 2, ry 
are the 1ft, 2d, 3d powers of —.; which powers he 
called dignities. Stevinus ufed a whole circle for the 
fame unknown quantity, with the numeral index within 
it, and that both integral and fractional ; thus @,@; Os 
@,. are. the o, 1, 2, 3 powers of the general quantity 
O; alfo @, ©, ®, he ufes as the (quare root, cubic 


- root, 4th root of the fame ; 


and @), the cube root of the fquare, 
and @), the {quare root of the cube, and fo on.» +** 
And thefe fraétional exponents were adopted and far 
ther ufed by his commentator Albert Girard. So that 
Stevinus ought to be efteemed the firft perfon who ren- 
dered general the notation of all powers and roots in 
the fame way, the former by integral, and the latter by 
fraGtional exponents. Harriot denoted his powers by a 
repetition of the letters; thus a, aa, aaa, &c, And 
Defcartes, inftead of this, fet the numeral index at the 
upper part of the letters, as at prefent thus a, a*, ai, 
&c. Though, I am informed, by fuch as have feen 
Harriot’s pofthumous papers, that he alfo there makes 
“ufe of exponents. - .- ~ ; vot 
|. The chara@er 4/ is the fign of radicality, or of a* 
root, being derived from the initial R or r, which was .. 
_ ufed at firft by Paciolus, Cardan, &c. This charatter ° 
w J firt find ufed by Stifel, in 1544, and by Robert’. 
Recorde in 1557. The charatter 4/ alone denotes the . , 
fquare root only ; but at firft they ufed the initial of. 
the name after it, to denote the feveral roots: as 4/g the. . 
quadrate or fquare root, and oe the cubic root. But 
the numeral indices of the root were prefixed by Albert, . 
Girard, exaétly the fame as they are ufed at prefent, - 
wiz i/; 4/> 1 the 2d, 3d or 4th root, 
*\ ‘Whe character -+ denotes addition, and a pofitive 
quantity.’ At firft the word itfelf was ufed, plus, piu,’ . 
-or the initial g. by Paciolus, Cardan, Tartalea, &¢.- 
And the character + for addition occurs in Stifelius. 
“ "The character — denotes fubtraction, and a nega-''- 
tive quantity; which alfo firft occurs in the fame au- 
thor Stifelius. Before that, the word minus, mene, or 
the initial a. was ufed. : Other cHaraéters have alfo 
been fometimes ufed by other authors, for addition and 
fubtraGion; but they are now no longer in ufe. 
» % denotes multiplication, and was introduced by. 
Oughtred. ams ae ots ee 
“., +! denoting divilion, was introduced by Dr, Pell. 


_ Divifion is alfo denoted like a fraftion. 





“F. == denotes equality, and was ‘ufed by Robert Re-. 
-sorde. Defcartes ufes. 20 for the fame purpole. 

* The charaéter : : for proportionality, or equality of 
_yatios, was introduced by Oughtred; as was alfo the 
“mark <= for continued proportion, 99 9" “Oe 
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“ap for greater, and < for lefs, were ufed by Harriot. 

“And —3 and 3 were ufed by Oughtred for the 

fame purpofes. : s 

Dr. Pell ufed @ for involution, and lw for evolution. 

“w denotes a general difference between any two 
“quantities, and was introduced by Dr. Wallis. 

The Parenthefis( _), asa vinculum, was invented 

‘by Albert Girard, and ufed in fuch expreflions as thefe, 

Y/ (72 - V 5120), and B (By + Cg), both for uni- 
verfal roots, and multiplication, &c. 0 * 

‘“The flraight-lined vinculum, > was ufed by 

- Vieta for the fame purpofe; thus A — B in B+ C. 


~Chara&ers in Geometry and Trigonometry. 


+t) A Square Z An Angle 
A . A Triangle cA Rightangle 
co A Rettangle © AL Perpendicular 
Oor © A Circle |} Parallel 


CHARGE,:- in Eleftricity, in a ftriet fenfe, imports 

the accumulation of the ele€tric matter onsone furface 

* ofan elestric, as the Leyden phial, a pane of glals, &c, 
whilft an equal quantity paffes off from the oppofite fur- 
face... Or, more generally, electrics are faid to be 


charged, when the equilibrium of the electric matter on ~ 


the oppofite furface is deftroyed, by communicating 
one kind of eleétricity on one fide, and the contrary 
‘Kind to the oppofite fide: nor can the equilibrium be 
reftored till a communication be made by means of con- 
ducting fubftances between the two oppofite furfaces : 
and when this is done, the eleétric is faid to be dif. 
charged. The charge properly refers to one fide, in con- 
traditinGion from the other; fince the whole quantity 
in the eleétric is the fame before and after the operation 
of charging ; and the operation cannot fucceed, unlefs 
what is gained on one fide is loft by the other, by means 
of conduétors applied to it, and communicating either 
-avith the earth, or with a fufficient number of non-elec- 
trics. To facilitate the communication of electricity to 
van-eletric plate &c, the oppofite furfaces are coated 
with fome conducting fubftance, ufwally with -tin-foil, 
-within fome diftance of the edge; in confequen¢e of 
‘which the electricity communicated to one part of the 
coating, is readily diffufed through all parts of the fur- 
face of the eleétric in conta& with it; and a difcharge 
fis eafily made by forming a communication with any 
«conduétor from one coating to the other. If the oppo- 
‘,fite coatin'gs approach too near each other, the electric 
‘matter forces a paflage from one furface to the other 
before the charge iscomplete. And fome kinds of ghafs 
chave the property of condudting the electricity over the 
vforface, fo that oh 
ation of charging and difcharging. If indeed the charge 
“he too high, and the glafs plate or phial too thin, the 
“ attraétion between the two oppofite eleftricities forces a 
‘ paffage through the glafs, making a {pontaneous dif- 
i charge, and the glafs becomes unfit for farther ufe. See 
«+ CondiGor:, Eleérics, Leyden Phial, &t. G 





-mance, or the quantity of powder and ball, or fhot, 
with which it is prepared for execution, 

The charge of powder, for proving guns, is equal to 

the weicht afthe ball: hur for fervice. the charge is2 or2 


“E43 


-of ball, produce different velocities in the ball, 


ey are altogether unfit for the opera- - 


Cuarce, in Gnnnery, the load ofa piece of ord. a 
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the weight of the ball, or ftill lefs5 and indeed in moft 
cafes of fervice, the quantity of powder ufed is too great 
for the intended execution. In the Britith navy, the- 
allowance for 32 pounders is but 7, of the weight of 
the ball. For it is probable that, ifthe powder in all 
fhip guns was reduced to $ the weight of the ball, or 
even lefs, it would be a confiderable advantage, not only 
by faving ammunition, but by keeping the guns cooler 
and quieter, and at the fame time more effectually injure 
ing the veflels of theenemy. With the prefent allow- 
ance of powder, the guns are heated, and their tackle 
and furniture ftrained, and all this only to render the ball 
Tels efficacious: for a ball which can. but juft pals 
through a piece of timber, and in the paflage lofes al-. 
moft all its motion, is found to rend and fraéture it much 
more, than when it pafles through with a much greater 
velocity. See Robins’s Tracts, vol. 1. pa. 290, 291. 
Again, the fame author obferves, that the charge is 
not to be determined by the greateft velocity that may 
be produced ; but that it fhould be fach a quantity of 
powder as will produce the leaf velocity neceflary for 
the purpofe in view ; and if the windage be moderat, 
‘no field-piece fhould ever be loaded with more than 
‘or at the utmoft + of the weight of its ball in powder 5 
nor fhould the charge of any bartering piece exceed $ of 
the weight of its bullet. Ib. pa. 266. if 
Different charges of powder, with the fame weight 
whic 
are in the fubduplicate ratio of the weights of powder 5 
and when the weight of powder is the fame, and the ball 
varied, the velocity produced is in the reciprocal fubdit- 
plicate ratio of the weight of the ball: which is agree~ 
able both to theory and praétice. See my paper on 
Gunpowder in the Philof, Tranf, 1778, pa. 505 and my 
Traéts, vol. 1. pa. 266. + : é 
But this is on a fuppofition that the gun is of an in~ 
definite length; whereas, on account of the limited 
length of guns, there is fome variation from this law in 
practice, as well as in theory; in confequence of 
which it appears that the velocity of the ball increafes 
with the charge only to a certain point, which is peculiar 
toeach gun, where the velocity is the greateft ; and that 
by farther increafing the charge, the velocity gradually 
diminithes, till the bore is quite full of powder. By an 
eafy fluxionary procefs it appears that, calling the length 
of the bore of the gun 4, the length of the charge pre- 


. a . 6 
ducing the greateft velocity, ought to be 3718261628" 
or about 3. of the length of the bore; where 
27718281828 is the number whofe hyp, log. ist. But, 
for feveral reafons, in practice the length of the charge 
producing the greateft velosity, falls thort of that above 
mentioned, and thé more fo as the gun is longer. From 


_many experiments | have found the length of the charge 


producing the greateft velocity, in guns of various 
lengths of bore, from 45 to 40 calibres, as follows. ~. 


Length of bore Length of Charge 
in Calibres. for greateft veloc. 
Hoot, ton ws 
3 
20 oo - 
30° = ot gt te 
49 = al . 
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CHARLES’s WAIN, a name by which fome of the 
aftronomical writers, in our own language, have called 
Urfa Major, or the great bear; though fome writers 

“fay the leffer bear. Indeed both of the two bears have 
been called waggons or wains, and by the Latins, who 
have followed the Arabians, two biers, Feretrum ma~ 

<jus & minus, 

CHART, or Sea-Cx art, a hydrographical or fea- 
map, for the ufe of navigators; being a projection of 
fome part of the fed in plano, fhewing the fea coats, 
rocks, fands, bearings, &c. Fournier afcribes the in- 

‘vention of fea-charts to Henry fon of John king of Por- 
tugal, Thefe charts are of various kinds, the Plain chart, 
Mercator’s.or-Wright’s chart, the Globular chart, &c. 

In the confiruction of charts, great care fhould be 

. taken that the feveral parts of them preferve their pofi- 
tion to one another, in the fame order as on the-earth; 
and it is probable that the finding out of proper methods 


todo this, gave rife to the various modes of projection, ~ 


“There are many ways of conftru@ting maps and charts; 
but they depend chiefly on two principles, Firft, by 
~ confidering the earth as a large extended flat furface ; 
and the charts made on this fuppofition are ufually 
called Plain Charts, Secondly, by confidering the 
earth as a fphere; and the charts made on this princi- 
ple are {gmetimes called Globular Charts, or Mercator’s 

_ Charts, or Reduced Charts, or Projected Charts. 

Plain Charts have the meridians, as well as the paral- 

Iels of latitude, drawn parallel to each other, and the 

. degrees of longitude ot latitude every where equal to 
thofe at the equator. And therefore fuch charts muft 
be deficient in feveral refpedts, For, xf, fince in reality 
all the meridians meet in the poles, it is abfurd to re- 
prefent them, efpecially in large charts, by parallel right 
lines. 2dly, As plain charts fhew the degrees of the fe- 
veral parallels as equal to thofe of the equator, therefore 
the diftance of places lying eaft and weft, muft be repre- 
fented much larger than they really are. And 3dly, In 
a plain chart, while the fame rhumb is kept, the veffel 
pe tag to fail on a great circle, which is not really the 
cafe. Yet plain charts made for a fmall extent, as a 
few degrees in length and breadth, may be tolerably ex- 
a&, efpecially for any part within the torrid zone; 
and even a plain chart made for the whole of this zone 
will differ bue little from the truth. 

Mercator’s Chart, like the plain charts, has the meri- 
dians reprefented by parallel right lines, and the de- 
grees of the parallels or longitude, every where equal to 
thofe at the equator, fo that they are increafed more 
and more, above their natural fize, as they approach to- 
wards the pole; but then the degrees of the meridians, 

.or ef latitude, are increafed in the fame proportion at 
‘ the fame part; fo that the fame proportion is preferved 
between them as on the globe itfelf. This chart has 
its name from that of the author, Girard Mercator, 
who.firft propofed it for ufe in the year 1556, and made 
the firft charts of this kind ; though they were not al- 


together on true or exaét principles, nor does it ap- 


pear that he perfectly underftood them. Neither indeed 


was the thought originally his own, viz, of lengthen-. 


ing the degrees of the meridian in fome proportions, 
for this was hinted by Ptolemy near two thoufand years 
age. Is was not perfeéted however till Mr, Wright 


{ 275-75 
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firft demonftrated it about the year 1§90, and thewed'a: 


ready way of conftructing it, by enlarging the meridian + 
line by the continual addition of the fecants. See his 


. orredtion of Errorsin Navigation, publifhed in 1599. 


Globular Chart, is a projection fo called from the con- ‘. 

‘Grmity it bears to the globe itfelf; and was propofed ; 
by. Mefirs. Senex, Wilfon, and Harris. This is a meri-* 
dional projection, in which the parallels are equidiftant - 
circles, having the pole for their common centre, and 
the meridions curvilinear and inclined, {oas all to meet : 
in the pole, or common centre of the parallels. By 
which means the feveral parts of the earth have their ® 
proper proportion of magnitude, diftance, and fituation, ;. 
nearly the fame as on the globeitfelf; which renders it: 
a good method for geographical maps. 

“ Hydrographical Charts, are fheets of large paper, 0 
which feveral parts of the land and fea are defcribed, “i 
with their refpeAive coafts, harbours, founds, flats, 
rocks, fhelves, fands, &c, alfo the points of the compa{s, + 
and the latitudes and longitudes of the places, : 

Selenographic Charts, are particular defcriptions of the ¢ 
appearances, fpots and maculz of the moon. . 

_ Lopographie Charts, are draughts of fome {mall parts.’ 
only of the earth, or of fome particular place, without. 
regard to its relative fituation, as London, York, &c. 

‘or the Conftruction of Charts, fee Gzeocrapuy,~ 
Maps, Projection, &c, eS 
CHASE, of a Gun, isits bore or cylinder. * 
CHAULNES (Tuz Duke pe), a peer of France, 
but more honourable and remarkable as an aftronomer 
and mathematician. He was born at Paris Dec. 30, 1714. 
He foon difcovered a fingular tafte and genius for the . 
fciences ; and in the tumults of armies and camps, he 
cultivated mathematics, altronomy, mechanics, &c, He ~ 
was named honorary-academician the 27th of Februaty - 

4743, and few members were more punctual in attend-.| 
ing the meetings of that body; where he often brought ; 
different conftructions and correétions of inftruments of « 
aflronomy, of dioptrics, and achromatic telescopes. 
Thefe refearches were followed with a new parailadic 
machine, more folid and convenient than thofe that were: 
in ufe; as alfo with many reflections on the manner of” 
applying the micrometer tothofe telefcopes, and of mea~ 
furing exaétly the value of the parts of that inftrament. 
The duke of Chaulnes propofed many other works of the: 
famekind, when death furprifed him the 23d Sept. 1769. | 
« He had feveral papers publifhed in the Folumes of 
Memoirs of the Academy of Sciences, as foflow: © 

1. Obfervations on fome Experiments in the 4th part: 
of the 2d book of Newton’s Optics: an. 1755. _* 

2..Obfervations on the Platform for dividing mathe- ~ 
matical inflruments: 1765. 

3. Determination of the diftance of Ar@urus from: 
the fun’s limb, at the fummer folitice: 1765. a 

4. On fome means of perfecting aftronomical infttue . 
ments: 1765. 

_ §. On fome experiments relative to dioptrics : 1767.° 

- 6, The art of dividing mathematical inflruments 3 
1768. : : ee ts 
7- Obfervations on the. Tianfit of Venus, June 3, 
1769. a 

2 8 New method of dividing mathematical and aftro- 
nomical inftruments, “ ik 


Nnz 





CHAUSE! 
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) ‘CHAUSE TRAPPES, or Caltrops, or Crowsfeet, are 
fron inftruments of {pikes about 4 inches long, made 
dike a ftar, in fach a manner that whichever way they 
fall, one point ftands always upwards, like 2 nailg 
“They are ufually thrown and feattered into moats ate 
ibreaches, to gall the horfes feet, and ftop the hafty 
approaches of the enemy. : : 
CHAZELLES (Joun Martuew), a French 
‘mathematician and engineer, was born at Lyons io 
“1657, and educated there in the college of Jefuits, from 
Swhence he removed to Paris in 1675. - He firft be- 
*eame acquainted with Du Hamel, fecretary to the 
“Academy of Sciences, and through him with Caflini, 
“who employed him with himfelf at the Obfervatory, 

» iwhere Chazelles greatly improved himfelf, and alfo af- 
“fitted Caffini in the meafurement of the fouthern part 
of the meridian of France. Having, in 1684, inftrutted 
‘the duke of Montemar in the mathematical fciences, 
‘this nobleman procured him the appointment of hydro~ 
agtaphy-profeflor to the galleys of Marfeilles. In dit 
icharging the duties of this department, he made nu- 
‘ merous geometrical and aftronomical obfervations, from 
“which he drew anew map of the coaft of Provence— 
‘He alfo performed many other fervices in that depart- 
“ment, and as an engineer, alon, with the armies and 
_ Naval expeditions. ‘To make obfervations in Geogra- 
: phy and aftronomy, he undertook alfo a voyage to the 
-' Levant, and among other things he meafured the py- 


.iramids of Egypt, and found the four fides of the largeft - 


of them exaétly to face the four cardinal points of the 
compafs, He made a report of his voyage, on his re- 
turn, to the Academy of Sciences, upon which he was 
“named a member of their body in 1695, and had many 
papers inferted in the volumes of their Memoirs, from 
: 1693 to. 1708, Chazelles died at Marfeilles the 16th 
of January 1710. — : : 
CHEMIN des Ronds, in Fortification, the way of 
‘the rounds, or a fpace between the rampart and the 
Jow parapet under it, for the rounds to go about it. 
CHEMISE, a wall that lines a baftion, or ditch, or 
* the like, for its greater fupport and ftrength. - 
CHERSONESUS, a peninfula, or part of the land 
almoft encompaffed round with the fea, only joining to 
the main land by a narrow neck or ifthmus. Varenius 
> enumerates 14 of thefe. 2 : 
CHEVAL de Frife, pl. Chevaux de Frife, or Frife- 
Jand horfe, fo called becaufe it was firft ufed in that 
country. It confifts of a joi or piece of timber, about 
a foot in diameter, and 10 or 12 long, pierced and 
tranfverfed with a great number of wooden fpikes of § 
or 6 feet long, and armed or pointed with iron. —Itis 
fometimes allo called turnpike, or tourniquet, It is chiefly 
ufed to ftop a breach, defend a paflage, or make a re- 
trenchment to ftop the cavalry. . : : 
CHEVRETTE, in Artillery, an engine to raife 
uns or mortars into their carriage. It 1s formed of 
-ewo pieces of wood of about 4 feet long, ftanding up- 
sight upon a third, which is fquare. The uprights are 
about’ a foot afunder, 
- appofite to one another, to receive a bolt of iron, which 
is put in either higher or Jower at pleafure, to ferve as 
a fupport toa handfpike by which she gun is raifed 
Bp. . : : s ‘ _ 


and pierced with holes exactly - 


CHO 


CHEYNE (Grores), a Britihh phyfician, and ma- 
thematician, was born in Scotland, 1671, and educated 
at Edinburgh under Dr. Pitcairn. He paffed his youth 
in clofe ftudy and great abftemioufnefs ; but coming fo ' 
London, when about 30 years of age, he fuddenly 
changed his whole manner of living ; which had tuch 
an effect upon his conftitution, that his body grew to.” 
a moft enormous bulk, weighing it is faid about 448 . 
pounds. From this load of oppreffion however he was 
afterwards in a great meafure relieved, by means of a 
milk and vegctable diet, which reduced his weight to : 
about one-third of what it had been, and reflored him 
toa good ftate of health; by which his life was pro-° 
longed to the 72d year of his age. : ® 

Dr. Cheyne was author of various medical and other ; 
traéts, and of a treatife on the Inverfe method of. 
Fluxions, under the title~of Fluxionum Methodus Inver- 
fas five quantitatum fuentium leges generaliores: in 4to, . 
1703. Upon this book De Moivre wrote fome ani- ‘ 
madverfions in an 8vo vol. 1704; which were replied’ 
by Cheyne in 1705. . 

CHILIAD, an affemblage of feveral things ranged” 
by thoufands. It was particularly applied to tables of. 
logarithms, becaufe they were at firft divided into thou- 
fands. Thus, in the year 1624, Mr. Briggs publifhed: 
a table of logarithms for 20 chiliads of abfolute num-: 
bers; afterward, he publifhed 10 chiliads mores and: 
lafly, one more ; making in all 31 chiliads, 

CHILIAGON, a regular plane figure of a thoufand.’ 
fides and angles. te ie 
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CHORD, a right line connecting the two extremes 
of an arch; {fo called from its refemblance to the chord 
or ftring of a bow; as AB, which is common to the 
two parts or arches ADB, AEB that make up the 


whole circle. The chords have feveral properties: 

1. The Chord is bifeéted by a perpendicular CF 
drawn to it from the centre. 

2. Chords of equal ares, in the fame or equal circles, 
are themfelves equal. : 

3 Unequal Chords have to one another a lefs ratio 
than that of their arcs. : 

4, The chord of an arc, is a mean proportional be- 
tween the diameter and the verfed line of that arc. 

Scale or Line of Chords. See Plane Scale. 

Cxorp, or Corp, in Mafic, denotes the ftring or. 
line by whofe vibrations the fenfation of found is ex- 
cited ; and by whofe divifions the feveral. degrees of. 
tune are determined. _ 


Yo divide a Chord AB in. the mop fimple manner, fo as. 
to exhibit all the original concords. fae at 
A 6 ED 


Divide. 


CPR: 
<Dividé the givenTite into twoequat partsat ©; then 
“fabdivide the part CB equally in two at D, and again 
, the part CD into two equal parts at E. Here AC to 
AB is an oftave; AC to AD a fifth; AD to ABa 
fourth; AC to AE a gyater third, and AE to ADa 
jle& third; AE to EB a greater fixth, and AE to AB 
ales fixth. Malcolm’s Treatife of Mufic, ch. 6, fec. 3. 
Sce Monocuorp. : 


To find the number of Vibrations made by a Mufical 
Chord or Siring ina given time; having given its weight, 
‘Yength, and tenfion. _ Let / be the length of the ciiord 
_ in feet, 1 its weight, or rather a fmall weight fixed to 
“the middle and equal to that of the whole chord, and 
ew the tenfion, or a weight by which the chord is 
firetched.. Then fhall the time of one vibration be ex- 


prefled by ¥ ‘sa and confequently the number 
a : 


42zRw. 
fi i 4 
Far example, fuppofe w = 28800, or the tenfion 
equal to 28800 times the weight of the chord, and the 
length of it 3 feet; then the lait theorem gives 354 
nearly for the number of vibrations made in each fecond 
‘ of time. 
But if ew were 14400, there would be made but 250 
. vibrations per fecond; and if w were only 288, there 
would be no more than 354 vibrations per fecond, 
. See my Seleét Exerc, prob. 21. pag. 200. 
Cuorpb, in Mafic, is ufed for the union of two or 
’ more founds attered at the fame time, and forming to- 
gether a complete harmony. oO doe 
Chords are divided into perfe&t'and imperfe&. The 
eles chord is compofed of the fundamental found 
elow, of its third, its fifth, and its o@tave: they are 
likewife fubdivided into major and minor, according as 
the thirds which enter into their compofition are flat 
or fharp, Imperfe& chords are thofe in which the 
fixth, inflead of the fifth, prevails; and in general all 
thofe whofe loweft are not their fundamental founds. 
Chords.are again divided into confonances and dif- 
fonances, ‘The confonances are the perfect chord, and its 
derivatives. Every other chord is a diffonance, A table 
of both, according to the fyftem of M. Rameau, may 
be feen in Rouffeau’s Mufical Di&tionary, vol. 1, pa. 27: 
CHOROGRAPHY, the art of delineating or de- 
fcribing fome particular country or province. 
This differs from geography as the defcription. of 
@ particular country differs from that of che whole 
earth: And from topography, as the defcription of a 
country differs from that of a town ora diftriat. 
CHROMATIC, a fpecies of mufic which proceeds 
by femitones and minor thirds. The word is derived 
from the Greek papa, which fignifies colour, and per- 
haps the fhade or intermediate fhades of colour, which 
mingle and conneét colours, like as the fmall intervals 
in this fcale eafily flide or run into each other. 
~. Boethius and Zarlin afcribe the invention of the 
ehromatic genus to Timotheus, a. Mifefian, in the time 
of Alexander the Great. . The Spartans banithed it 
their city on account of its foftnefs. 
this genus, according to Ariftides Quintillianus, was 
Swesinefs and pathos... 
. 9 : 


of vibrations per fecand is equal to %p4/: 
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CHROMATICS,’is that part of optics which- ex- 
plains the feveral properties of the colours of light, and 
of natural bodies. : i 

Before the time of Sir I. Newton, the notions con- 
cerning colour were very vague and wild, . The Pytha- , 
gorearis called colour the fuperficies of bodies: Plato 
faid that it was a flame iffuing from them: According to 
Zeno, it is the firft configuration of matter; And Arif. 
totle faid it was that which made bodies aétually tranf- 
parent. Defcartes accounted colour a modification of 
light, and he imagined that the difference of colour pro- 
ceeds from the prevalence of the direét or rotatery mo- 
tion of the particlesoflight. Grimaldi, Dechales, and. - 
many others, imagined that the differences of colour de« | 


‘pended upon the quick or flow vibrations of a certain. - 


elaftic medium with which the univerfe is filled. Roe. 
hault conceived, that the different colours were made: 
by the rays of light entering the eye at different angles 
with refpect to the optic axis. And Dr. Hooke ima. 
gined that colour is. caufed by the fenfation of the ob- 
lique or uneven pulfe of light; which being capable of’ 
ho more than two varieties, he concluded there could, 
be no more than two primary colours. oy 
Sir I, Newton, in-the year 1666, began to inveftigate: 
this fubject; when finding that the coloured. image of 
the fun, formed by a glafs prifm, was ofan oblong, and. 
not of a circular form, as, according to the laws oF equal’ 
refraction, it ought to be, he conjectured, that light is: 
not homogeneal ; but that it confilts of rays of different: 
colours, and endued with divers degrees of refrangibi-.- 
lity.. And, from a farther profecution of his experi- 
ments, he concluded that the different colours of bodies: 
arife from their refleting this or that kind of rays moft: 
copioufly, ‘This method of accounting for the differ-. 


_ent colours of bodies foon became generally adopted,. 


and ftill continues to be the mott prevailing opinion. It: 
is hence agreed that the light of the fun, which to us. 
feems white and perfectly homogeneal, is compofed of 
no fewer than feven different colours, viz, red, orange; 
yellow, green, blue, purple, and violet or indigo: that: 


‘a body which appears of a red colour, has the property. 


of refie€ting the red says more plentifully than the refit’; 

and fo of the other,colours, the orange, yellow, green,, 
&c: alfo that a body which appears black, inftead of ' 
tefleting, abforbs all or the moft part of the rays that: 
fall upoh it; ‘while, on the contrary, a body which ap-. 


. pears white, reflects the greateft part of all the rays in- 


difcriminately,. without feparating them one from ano-. 
ther. . Jo) Hs 2 . 
‘The foundation of a rational theory of colours being 


_ thus laid, the next inquiry was, by what peculiar me- 


. of thele bodies. 


The character of - 


_ touch one another, in the place of contad. they wer 


chanifm, in the ftru€tare of each particular body, it: 
was fitted to refle€t one kind of rays more than another, 
and this is attributed, by Sir I, Newton, to the denfity 
Dr. Hooke had remarked, that thin ° 
tranfparent fubftances, particularly foap-water blown: 
into bubbles, exhibited various colours, according to. 
their thinnefs ; and yet, when they have a confiderable 
degree of. thicknefs, they appear colourlefs, And Sir: 
Ifsac hinifelf hard obferved, that as he was com. 
prefling two prifms hard together, in order to make: 


_ their fides (which happened. to. be a little convex) = 


CHE. 


both perfealy tranfparent, as if t.ey had been but one- 
continued piece 6f glafs: but round tne point of contact, 
where the glailes were a little feparated from each 
other, rings of different colours appeared. And when 
_he afterwards, farther to eludicate this mater, employ- 
“'ed'two convex glaffes of telefcopes, prefling their con- 
vex fides upon one another, he obferved fev-ral feries of 
circles or rings of fuch colours, different, and of various 
intenfities, according to their diitance frem the com 
‘mon central pellucid point of contac. 

‘As the colours were thus found to vary according to 
the diferent diftances between the gla(s plates, Sir Haac 
conceived that they proceeded from the Jifferent thick~ 
nefs of the plate of air intercepted between the glaffess 
this plate of air being, by the mere circainftance of 
thinne(s or thicknefs, difpofed to reflect or tranfmit the 
yays of this or that particular colour. Hence thércfore 
he concluded, that the colours of ali natural bodies de- 
pend on their denfity, or the magnitude of their com- 
ponent particles : and hence alfo he conftruéted a table, 
in which the thicknefs of a plate neceflary to reflect any 
particular colour, was expreffed in millionth parts of an 
inch, ; : 

From a great variety of fuch experiments, and ob- 

*fervations upon them, our author deduced his theory 
of colours. And hence it feems that every fubftance 
in nature is tranfparent, provided it be made fufficiently 
thin; as gold, the denfeft fubftanée we know of, when 
reduced into thin leaves, tranfmits a bluith-green light 
through it. If we fuppofe any body therefore, as gold 
for intunce, to be divided into a vaft number of plates, 
fo thin as to be almoft perfectly tranfparent ; it is evi- 
dent that all, or the greateft part of the rays, will pafs 
through the upper plates, 
force will be refle€ted from the under ones. They will 
then have the fame number of plates to pafs through 
which they had penetrated before ; and thus, according 
tothe number of thofe plates through which they are 

» obliged to pafs, the objeét appears of this or that colour, 

‘Juft as the rings of colours appeared different in this ex- 
periment of the two plates, according to their diftance 
from one another, or the thicknefs of the plate of air 
between them. ~ ‘ 

"This theory of the colours has been illuftrated and 
confirmed by various experiments, made by other phi- 
lofophers. “Mr. E. H. Delaval produced fimilar effects 
by the infufion of flowers of different colours, and by 
the intimate mixture of the metals with the fubitance 
of glafs, when they are reduced to very fine parts; the 
more denfe metals imparting to the glais the Jefs refran- 
gible colours, and the lighter ones thofe colours thar are 


more eafily refrangible. Dr. Prieftley and Mr. Canton” 


alfo, by laying very thin leaves or flips of the metals upon 

lafs, ivory, wood, or metal, and pafling an eleétrical 
Rroke through them, found that the fame effect was 
produced, viz, that the fubftrated was tinged with dif 
ferent colours, according to the diftance from the point 
of explofion, 


However, the Abbe Mazeas and M. du Tour con-- 


tended, that the colours between the glaffes are not to 
“be afcribed to the thin ftratum of air, fince they equally 
produced them by rubbing and prefing together two 


flat glafles, which cohered fo clofely that it required - 
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ther. 


and when they lofe their _ 
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the greateft force to move or flide them over one ano- 
See Prieltley’s Hiftory of Vifion. 
Of Neavton’s 8th Exper. in the 2d Book of Optics... 

‘The event of this experiment, which has been cone 
tradigted by repetitions of thg fame by other philofo- 
phers, baving been the oceafton of much controverfy 
and relating to a material part of the doétrine of chro- 
matics, it will not be improper here to give an account 
of what has pafled concerning it. Newton found, he 
fays, that when light, by contrary refractions through 
different mediums, is focorreéted, that it emerges in lines 
parallel to the incident rays, it continues ever after to 
be white. But that if the-emergent rays be inclined 
to the incident ones, the whitenefs of the emerging 
light will, by degrees, in paffing on from the place of - 
emergence, become tinged at its edges with colours. 
And thefe laws he inferred from experiments made by 
refraGing light with prifms of glafs, placed within a, 
prifmatic vefiel of water. : 

By theorems deduced from this experiment he infers, ¢ 
that the refraction of the rays of every fort, made out: 
of any medium into air, are known by having the re- 
fraétion of the rays of any one fort: and alfo, that the 
refraction out of one medium into another is found, ;. 


. whenever we have the refractions out of them both,- 


into any third medium, : : 
Now the fame experiment, when fince performed hy. 
other perfons, turning out contrary to what is ftated? 
above, fome rather free refletions have been thrown! 
upon Newton concerning it; bat which however have: 
been very fatisfactorily obviated by Mr. Peter Dollond,: 
in a late pamphlet on this fabject; as we fhall thew 
below. ; : 
In the firft place’then, M. Klingenttierna, a Swedith. 
philofophér, having in the year 1755 confidered the, 
controverfy between Euler and Mr. John Dollond, re- 
Jative to the refra@tion of light, formed a theorem of 
his own, from geometrical reafoning, by which he was 
induced to believe that the refult of Newton’s experi- 
ment could not be as he had related it; except when- 
the angles of the refracting mediuins are fmall. See 
the paper on this matter by Klingenfticrna in the pame. 
phlet above cited by Mr. Peter Dollond. , 
‘This paper of Klingenftierna being communicated to 
Mr. John Dollond by Mr. Mallet, to whom it was fent 
for that purpofe, made Dollorid entertain doubts con- 
cerning Newton’s report of the refult of his experi- 
ment, and determined him to. have recourfe to experi- 
ments of his own, which he did in the year 1757, as 
follows. : 
He cemented two glafs planes together by their 
edges, fo as to form a prifmatic veffel when clofed at the 
ends or bafes; and the edge being turned downward, 
he placed it in a glafs prifm with one of its edges up- 
ward, filling up the vacancy with clear water; fo that 
the refraétion of the prifm was contrived to be contrary . 
to that of the water, in order that a ray of light, tran{> 
mitted through both thefe refracting mediums, might 
be affected by the difference only between the two re+ 
fraétions. As he found the water to refract more or 
lefs than the. glafs prifm, he diminithed or augmented 
the angle between the glaii plates, till the two contrary 
refractions becams equal, which he difcevered by views 
: : : “ing 





"them into, fmaller ones. Sir { 
experiments chiefly on tranfparent fubftances ; and in 


"the more refrangible rays moft copioufly, 


- by the farther 
syond it: and then the reflected colour will be diminith- 
ced, and perhaps ceafe, 


dies, our author obferves, are 


“and only reafon of thefe colours. 
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afed by Newton and Dollond, wx: Sufficient to taufe” 


all the difference which appeared to the two experimen- 
ters in trying the fame experiment. fe : 

«s From this it appears, ‘that Newto.. was ‘accurate 
in this experiment as jn all others, 
ing difcovered that, 
fo many years afterwards, was owing entij 2ly to-acci- 
dent; for if his prifm had been made of glafs of a 
greater or lefs denficy, he would certai: ty have then 
made the difcovery, and refracting te'zfcopes svould 
not have remained fo long in their ori,sinal imperfect 
Rate’? See Achromatic, and Telefcope. : 


Mr. Delaval’s experiments on the comes of opaque” 


bodies.—Befide the experiments of this gen.'emam, be- 
fore-mentioned, on the colours of tranfparent bodies, he 
jhas lately publifhed an account of fome made upon the 
ormanent colours of opaque fubftances, the difcovery 
of which mutt be of the utmott confequence in the arts 
of colour-making and dyeing. : ‘ 1 
The chariges of colour in permanently coloured bo- 


Jaws that take place in tranfparent colourlefs fub-' 
ftances; and the experiments by which they are invef- 


tigated confift chiefly of various methods of uniting 
er mafles, or dividing™ 


the colouring particles into lar 
faac Newton made his 
the few places where he treats of others, he acknow-. 
ledges his want of experiments. 
Jowing remark however on thofe bodies which reflect 


one kind of light and tranfmit another, viz, that if , 
~thefe glafles or liquors were 


fo thick and mafly that no 
dight could get through them, he queftioned whether 
they would not, like ather opaque bodies, appear of one 
wand the {ame colour in all pofitions of the eye; though 
he could not yet affirm it from experience. Indeed it 


awas the opinion of this great philofopher, that all co- 


fome reflecting 
and others 
fo; and that this is at once the true 
He was likewife of 
opinion that opaque bodies refleé the light from their 
anterior furface, by fome power of the body evenly 
diffufed over and external to it. With refpect to tranfe, 


Joured matter reflects the rays of light, 


\thofe that are lets 


" .parent coloured bodies he thus expreffes himfelf: «A 


‘tranfparent body which looks of any colour by tranf- 
‘mitted light, may alfo look of the fame colour by re- 
-fledted light; the light of that colour being refleéted 
farface of that body, or by the air be- 


by making the body very thick, 


and pitching it on the back-fide to diminith the reflec- 


ation of its farther farface, fo that the light refleéted 
* from the tinging particles may predominate. 


Tn fuch 


~ cates the colour of the reflected light will be apt. so 


wary from that of the light tranfmitted 4 
To fearch out the truth of thefe’ opinions, Mr. De- 


© Javal entered upon a courfe of experiments with tranf- 


parent coloured liquors and glaffes, as well as with 


‘opaque and femitranfparent_ bodies. 


* experiments he difcovered feveral remarkable proper~ 


ties of the colouring matters particularly, thatintranf- 
Rg FE Rac wec te dae not veflerk ang lights <> 
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and tha: his not; hav-_ 
which was difcovered by Dollond ~ 


>< Gt be confidered that, for the molt part, 


° the lof of them they are deprived of their colours. 


produced by the fame~ 


He makes the fol-’ 


_ colour, orange or green, 


And from thefe ~ 
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and when, by intercepting the light which was tranf., 
mitted, it is hindered from: pafling, through fuch fub- 
flances, they do not vary from their former colour td 
any other, but become entirely black. = 

‘This incapacity of the colouring particles of trant 
parent bodies to reflect light, being deduced from 
very numerous experiments, may therefore be taken as 
a general law. ft will appear the more extenfive, if 
the tinging 
or other tranfparent fabfances, 


particles of liquors, 
that the opaque 


are extracted from opaque bodies; 


< bodies owe their colours to thole particles, in like 


manner as the tranfparent fubftances do; and that by 


Notwithttanding thefe and many other experiments 


“the theory of. colours feems not’ yet determined wit 
“certainty ; and: it mutt. 


be acknowledged that very - 
brought again every hys 


ftrong objections might be 
The 


pothefis on this fabject, that has been invented. 


‘difcoveries of Sir ifaac Newton however are fufficient 


t0 juttify the following Aphorifms. : 

Aphorifm 1. All the. colours in. nature arife from 

the rays of light. : 
~g, There are feven primary colonrs, namely red, 
orange, yellow, green, blue, indigo, and violet. 

3. Every ray of light may be feparated into thele 
feven primary colours. ‘ SPAD See ite Se 

“4. The rays of light, in paffing through the fame mee 
dium, have different degrees of refrangibility. | - 

5. The difference in the colours of ight arifes from 
its different refrangibility ; that which is the leatt re- 
frangible producing red 5 dnd that which is the moft 
refrangible, violet. Bris ie Pat gt EOS 
. 6, By compounding any two of the primary, as 
red and yellow, or yellow and blue, the intermediate _ 

may be produced, : 

7. The colours of bodies arife from their difpofitions 
to refleét one fort of rays, and to abforb the others: 
thofe that reflect the leaft refrangible rays appearing 
red; and thofe that refle&t the moft refrangible, violet. 

%. Such bodies as refleét two or more forts of rays» - 
appear of various colours. 

g. The whitenefs of bodies arifes from their difpe~ 


-fition to refleét all the rays of light promifcuoully-. 


10, The blacknefs of bodies proceeds from their inca- 
pacity to refle& any of the rays of light —And from 
their thus abforbing all the rays of light that are thrown. 
upon them), it arifes, that black bodies, when expofed 
to the fun, become hot fooner than all others. a 

Of the Diatonic Scale of Colours.—Sir aac Newton, 
in the courfe of his inveftigations of the properties of 
light, difcovered that the lengths of the fpaces occu- 
pied in the fpedtrum by i feven primary colours, eX- 
aétly correfpond to the lengths of chords that found 
the feven notes in the diatonic fcale of mufic : which is- 
made evident by the following experiment, aes 
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Ona pi tin a dark chamber, let a ray of light be 
largely *efra€ted into the fpectram ABCDEF, mark- 
_ ing up6n it the precife boundaries of the feveral colours, 
as a, 6; ¢, &c3 and acrofe tie {fpe&rum draw the per- 
“ndicular lines ag, 64, &c, ‘Then it will be found 
at the fpaces, by which the feveral colours are bound- 
_4, viz, BagF containing the red, absg containing the 
orange, bcib containing the yellow, &c, will be in ex- 
_ a& proportion to the divifions of a mufical chord for 
the notes of an oftave ; that is, as the intervals of thefe 
numbers 1, 8, $, £, 3s $> Pe» F- 
CHRONOLOGICAL, belonging to chronolegy... - 
Chronological Charaéerss axe “chari&térs by which 
times are diftinguifhed. Of.thefe, fome are natural, 
or aftronomical ; others are artificial or hiftorical. The 


natural charatters-ateach aa depend on: the motions. 
of the tars or luminaries ; as eclipfes, folftices, ‘etyai- * 


noxes, the different afpeéts of planets, &c. And the 
artificial charaéters are thefe that have been invented 
and eftablifhed by men; as the folar cycle, the lunar 
cycle, &c. Hiftorical Chronological Characters are 
thofe fupported by the teftimonies of hiftorians, when 
they fix the dates of certain events to certain periods. 

CHRONOLOGY, the art of meafuring and dif- 
tinguithing time ; with the doctrine of dates, epochs, 
eras, &c. ¥ 

The meafurement of time in the moft early periods, 
was by means of the feafons, or the revolutions of the 
fun and moon. ‘The facceflion of Jano’s priefteffes at 
Argos ferved Hellanicus for the regulation of his nar- 
rative ; while Ephorus reckoned his matters by genera- 
tions. Even in the hiftories of Herodotus and ‘Thucy- 
dides, there are no regular dates for the events re- 
corded ; nor were there any endeavours to eftablith a 
fixed era until the time of Ptolomy Philadelphus, who 
attempted it by comparing and correting the dates 
of the olympiads, the kings of Sparta, and the fuc- 
ceflion of the prieftefles of Juno at Argos. Eratof- 
thenes and Apollodorus digefted the events related by 
them, according to the fucceflion of the olympiads and 
of the Spartan kings. 

The chronology of the Latins is fill more uncer- 
tain. The records of the Romans were deftroyed by 
the Gauls; and Fabius Pi@or, the moft ancient of 
their hiftorians, was obliged to borrow the chief part 
of his information from the Greeks. In other Eu- 
ropean nations the chronology is {till more imperfect, 
and of a later date: and even in modern times a con- 
fiderable degree of confufion and inaccuracy has arifen, 
from the want of attention in the hiftorians to afcer- 
tain the dates and epochs with precifion. 

Hence it is evident, how neceflary a proper fyftem 
of chronology muft be for the right underitanding of 
hiftory, and alfo how difficult it muft be to eftablith 
fuch a fyitem. For this purpofe, however, feveral 
dearned men have {pent much time, particularly Julius 
Africanus, Eufebius of Czfarea, George Cyncelle, 
John of Antioch, Dennis, Petau, Clavius, Calvifius, 
Scaliger, Vieta, Newton, Uther, Simfon, Marfham, 
Helvicus, Voflins, Strauchius, Blair, and Playfair. 

Such a fyfem is founded, tit, On Aftronomical ob- 
fervations, efpecially of the eft of the fun and 
moon, combined with calcula ionyYr the years and 
eras of different uations. 24 The teft.nonies of cre- 
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‘dible authors. 3d, Suh epochs in hiftory as are fo 
welfattefted and detgty.ined, that they have never been 
controverted. 4th, ancient medals, coins, monuments, 
and infcriptions. ° 

The mo obv'sus divifion of time, as has been ob- 
ferved, is deriv’.d from the apparent or real revolutions 
of the lumina ies, the-fun and moon. Thus, the ap- 
parent revolu ion of the fun, or the real rotation of 
the earth on her axis caufing the fun to appear to 
rife and fet, cynftitutes the viciffitudes of day and 
night, which n.ift be evident to the moft barbarous 
and ignorant nat. dns. ‘ ‘The. moon, by her revolution 
about the earth, and her changes, as naturally and 
obvioufly forms rionths; while the great annual conrfe - 
of the fun thysugh the feveral conftellations of the’ 
zodiac, poinis out the larger divifion of the year, 

The Day is divided into hours, minutes, &c; while 
the month is divided into weeks, and the year into 
months, having particular names, and a certain num- 
ber of days.—See a particular account of each of thefe 
under the refpetive words. © 

Befide the natural divifions of time arifing immedi- 
ately from the revolations of the heavenly bodies, there 
are others which are formed from fome of the lefs 
obvious confequences of thefe revolutions, and are called 
gyeles, or circles. The moi remarkable of thefe are, 
1, The Solar Cycle, or cycle of the fun, a period or 
revolution of 28 years, in which time the days of the 
months return to the fame days of the week, the fun’s 
place to the fame figns and degrees of the ecliptic on 
the fame months and days, and the leap-years begin 
the fame courfe over again with refpedt to the days of 
the week on which the “days of the months fall. 2, 
The Lunar Cycle, or cycle of the moon, commonly 
called the Golden Number, isa revolution of 19 years; 
in which time the conjun4tions, oppofitions, and other 
afpe@s of the moon, are on the fame days of the 
months as they were 19 years before, and within an 
hour and a half of the fame time of the day. 

The Indi@ion, or Roman Indiétion, is a’ period of 
15 years, ufed only by the Romans for indicating the 
times of certain payments made by the fubjeéts to the 
républic. 

‘The Cycle of Eafter, called alfo the Diony/fan Period, 
is a revolution of §32 years, and is produced by multi- 
plying the folar cycle 28, by the lunar cycle 19. 

‘The Julian Period, is a revolution of 7980 years, 
and is produced from the continual multiplication of 
the three numbers 28, 19, 1§, of the three former 
cycles, viz, the folar, lunar, and indidtion. 

As there are certain fixed points in the heavens, 
from which aftronomers begin their computations, fo 
there are certain points of time, from which hiftorians 
begin to reckon; and thefe points or roots of time are 
called eras or epochs. The moft remarkable of thefe 
are, thofe of the Creation, the Greek Olympiads, 
the building of Rome, the era of Nabonnaflar, the 
death of Alexander, the birth of Chrift, the Arabian 
Hegira, or flight of Mahomet, and the Perfian Jef- 
degird. All which, with fome others of lef note, 
have their beginnings fixed by chronologers to the 
years of the Julian period, to the age of the world, 
and to the years before and after the birth of Chrift. 

‘The teftimony of authors is the fecond principal 

Oo part 
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the‘Europeans in particular had no chronology before 
the Perfian empire, which commenced ¢36 years before 
the birth of Chrift, when Cyrus conquered Darius 

-<he Mede: that the antiquities of the Greeks are full 
“fables, becaufe their writings were in verfe only, 
sl the conqueft of Afia by Cyrus she Perfian; about 

which tine profe was introduced by Pherecidcs Syrius 
and Cadmus Milefius, After this time feveral of the 
: Greek hittorians introduced the computation by gene- 
rations. The chronology of the Latins was fill more 
uncertain; their old records having been burnt by the 
Gauls 120-years after the expulfion of their kings,. or 
64 years before the death of Alexander the Great, 
an{wering to 388 before «he birth of Chrit. The 


[983 7 


chronologers of Gaul, Spain, Germany, Scythia, Swe-" 

den, Britain, and Jreland, are of a ftill later date, | 

For ‘Scythian keyond the Danube, had no letters “ill” 
1 


UPphilas, their 
276. Germany had sone till it received them from 
thé weftern empire of the Latins, about the year 400. 


The Huns had none in the days of Procopius, about, 


*.the year 526. 
ftill hee 12 
Sir Iface Newton, after a general account of the 
obfcurity and defeéts of the ancient chronology, ob- 
ferves that, though many of the ancients computed by 
fucceffions and. generations, yet the Egyptians, Greeks, 
and Latins, reckoned the reigns of kings equal to ge- 
fierations of men, and three of them to a hundred, and 


And Sweden and Norway received them 


hops formed them, about the year - 


fometimes to 120 years; and this was the foundation of - 
_and confequently 36° 44' in 2645 years; and this, 


their technical chronology. He then proceeds from the 
ordinary courfe of nature, and a- detail of hiftorical 
facts, to thew the difference between reigns and gene- 
tations; and that, though a generation from father 
to fon may at an average be reckoned about 33 years, 
or three of them equal to 100 years, yet, when. they 
are taken by the eldeft fons, three of them cannot be 
eftimated at more than about 75 or 80 years; and the 

~ reigns of kings are ftill fhorters fo that 18 or 20 years 
may be allowed; a juft medium. Sir Ifaac then fixes 
on four remarkable periods, viz, the return of the 
Heraclidze into the Peloponnefus, the taking of Troy, 
the Argenautic expedition, and the return of Sefoftris 

* into Egypt, after his wars in Thrace; and he fets 
tles the epoch of each by the true value of a gene- 

- ation, To inflance only his eftimate of that of the 
.Argonautic expedition : Having fixed the return of 
the Heraclida to about the 15gth year after the death 
of Solymon, and the deftrudtion of ‘Troy to about the 
76th year after the fame period, he obferves, thar 
Hercules the Argonaut was the father of Hyllus, thé 
father of Clerdius, the father of Ariftomachus, thé 
father of Ariftodemus, who conduéted. the Heraclide 
into Peloponnefus ; fo that reckoning by the chief of 
the family, their return was four generations later that 
the Argonautic expedition, which therefore happened 
about 43 years after the death of Solomon. ‘This ié 
farther confirmed by another argument: /£fculapius 
and Hercules were.Argonauts: Mippocrates was the 
18th inclufively from the former by the father’s fide, 


and the 1gth from the latter by the mother’s jade: now,” 


allowing 28 or 30 years to each fit ‘gem, the 17 in- 
tervals by. the father, and the 18 ixQury-as by the mo- 
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ther, will off a medi.m give 07 years; and thefe, 
reckoning back fro . the commencement of the Pelo. ~ 
ponnefian war, or che 431ft year before Chrift, when 
Hippocrates beysn to flourith, will place the Argo- — 
nautic expeditiea in the 43d year after the death of 
Solomon, or #37 yeats before Chrift. 

The other kind of reafoning by which Newtén én- 
deavours toe tablith this epoch, is purely aftrondmical.’ 
The {phere ws formed by Chiron and Mufeus for the 
ufe of the Arg. nautic expedition, as is plainly fhewn by 
feveralof the aft rifms referring to that event: and at the 
time of the expe jition the cardinal points of the equi- 
noxes and folitic: s were placed in the middle of the con- 
ftellations Ariey, Cancer, Chelz,and Capricorn, This 
point is efte‘sifhed by Newton from the confidera- 
tion of the ancient Greek calendar, which confilled 
of 12 lunar months, and each month of 30 days, which 
required an intercalary month. Of courfe this luni- 
folar year, with the intercalary month, began fome- 
times a week or two before or after the equinox or - 
folftice ; and hence the firft aftronomers were led to the. 
before-mentioned difpofition of the equinoxes and fol- 
ftices: and that this was really the cafe, is confirmed’ 


= 


“by the teftimonies of Eudoxus, Aratus, and Hippar- 


chus. Upon thefe principles Sir Ifaac proceeds to 
argue in the following manner. The equinoétial colure 
in the end of the year 1689 cut the ecliptic in y 6° 
.44°3 and by this reckoning the equinox had then gone 
back 36° 44’ fince the time of the Argonautic expedis « 
tion, But it recedes 50’ ina year, or 1° in 72 years, 


counted backwards from the beginning of 1690, will 
place this expedition about 25 years after the death of 
Solomon. Butas there is no neceffity for allowin, 
that the middle of the conftellations, according to ae 
general account of the ancients, thould be precifely the” 
middle between the prima Arietis and ultima Cauda, 
oar author proceeds to ‘* examine what wete thofe ftars 
through which Eudoxus made the colures to pafs iq 
the primitive {phere, and in this way to fix the pofition 
of the cardinal points.” Now from the mean of five 
places he finds, that the great circle, which in the pri< 
mitive {phere, defcribed by Eudoxus, or which at the 
time of the Argonantic expedition was the equinoétial 
colure, did in the end of 168g cut the ecliptic in y 6¢ 
29/15”. In the fame manner our author determines 
that the mean place of the folftitial colure is 9. 6° 28° 
46%, and as it is at right angles with the other, he 
concludes that it is rightly drawa. And hence he in- 
fers that the cardinal points, in the interval betweet 
that expedition and the year 1689, have receded from 
thofe colures 1* 6° 29'; which, allowing 9z years ta 
a degree, amounts to 2627 years s and chefe counted _ 
backwards, as above, will place the Argonautic expew . 
dition 43 years after the death of Solomon. Our au- 
thor has, by other methods alfo of a fimilar nature, 
eftablithed this epoch, and reduced the age of the world 
0© years. ait Tiga ares fy eae 
“Phis elaborate fyftem has not efcaped cenfure; Mel, 
Freret and Souciet having both attacked it, and otf 
much the fame ground :, but the former has confounded 
reigns and generations, which are carefully diflinguihh- 
ed in this fyftem, The aftronomical objections of both 
Se Ooze Bake “have < 
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lum be made to vibrate in a cycloid 
is liable to err confidefably, ag is the ce 
ee fhort pendulums that {wing in large s:-he> » 
circle, eS 


ae 


. Various other contrivances, befides clocks, haye been ‘ 
ufed for meafuring time for fome particular purpofes, © 


See a mufical chronomoter defcribed in Malcolm’s Trea- 


tife of Mufic, A 

CHRONOSCO iz, a word fometimes ufed 
dulum, or machine, to meafare time, 

CHRYSTALINE. See Crysratine. 

CIMA, or Sima, in Archite€ture, a member, or 
moulding, called alfo ogee, and cimatium, 

CINCTURE, in Architeéture, is a ring. or. lift 
around the fhaft of a column, at its top and bottom. 

CINTRE, in Building, the mould on which the 
arch is turned or built; popularly called centre, and 
fometimes a cradle. Pare 

CIPHER, or Cypher, one of the numeral charac- 
ters, or figures, thus formed o. The word comes from 
the Hebrew faphar, to number. : 

The cipher of itfelf fignifies nothing, or implies a 
privation of value; but when combined. with other 
numeral charaéters, it alters their value in a tenfold 
Proportion, for every 3 viz, when 


for a pen- 


cipher fo annexed 





fet after a fi in common integ’ | 4: thmetic, it in- 
creafes its value in that proportion © i has no 
effect when fet before or to the left hand 1c of Uperes; 
but on the contrary, in decimal arithin:\<, {cc exfes 
their. value in that proportion when ‘¢t before che 
figures, but has no effea when fet aftersem. 
Thes, 5 — is five, : 
but 50 is fifty, 


~ and 500 is five hundred; 
whereas 05, or 005, &c, is ftill but 5 or five. 
Alfo *5 is five tenths, 

_ but -o5 is five hundredths, . 

.~ and ‘005 is five thoufandths ; ' 
whereas +50, or "500, &c, is ftill but ‘5 or five tenths. - 

~ "Phe invention and ufe.of the cipher, as in the com- 
mon > peared _ notatior ty i ZA ane 
Mgpiet devices. can be imagined ; and is afcribed 
’o the Indians, by the Arabians, through whom it came 
into Europe, along with the revival of literature. 

-- CIRCLE, a plane figure, bounded by a curve line 












‘The circumference or perip y 
~ circle, though improperly, as that 1 


mee i feren of-e circle is fy pofec re 
aie: The circorfercace every circle i pofed « 
s i faa PI ie 


divided equal parts, I nd 
.° 5 each ‘in i or primes, maroc: ‘¢ 
_ each minute into 60 feconds, marked ”; and {> on- 


Sage AOS ie oo gs 
= og many curious. orcs, fome of she 
moft important of which. ‘ Fs 
rite plain 
. s ach pe- 
rimeter, or has the leaft pen: the fame ar: 


‘oan 
. Bin.thatet its infcribed polygon: 


CTrrE™ 
its circum{erent 5 and 
diftant froma pointy ©) i. 
Se ee ee 


tics 














{pace contained within the circumference, 
A circle is ofetted with 4 pair of gompatioe, 
one foot in the centre, and turning the other ro 
the ci ence. i. 





So 24° 12/15” 20%, is 24 degrees 12 minutes» 1: ‘e- 










being the limit and laft of all Tr po: ygons, he ving 
siete of its fides infinite. a a 

2, The area of a circle is always lefs than the area of 
any regular polygon circum{cribed about it, and its cir- 
cumference always lef than the perimeter of the poly- . 

" Buton-the other hand, its area is always greater 

» and its circumference 

ee the perimeter of the {aid infcribed polygon. 

owever, the area and perimeter of the circle speach 

always nearer and nearer to thofe of the two po ygons, 

as the-number of the fidesof thefe is greater; the circle , 
being always limited between the two polygons. 

3 The area of a circle is equal to that of a triangle 
whofe bafe is equal to the circumference, and perpendi- 
cular equal to the radins. - And therefore the area of the 
circle is found by drawing half the circamference into 
half the diameter, or the whole circumference into the 
whole diameter, and taking the 4th part of the produét. 
Demonftrated by Euclid. - : 

4. Circles, like other fimilar plane figures, are to one 
another, as the fquares of their diameters. And the 
area of the circle is to the {quare of the diameter, as 11 
to 14 nearly, as proved by Archimedes; or as °7854 
to x more nearly ; or ftill more-nearly as 3 
"785 3981633,9744830961,5650845819,8757210492, 

9234984377:64552437 36514807095 41,0157155224, 


-- 9657008706, 335 5292669,95 5 3702162,83 18076661, 


7734611 + tots | ie: 
as it has been found’ by modern mathematicians. 

In Wallis’s Arithmetic of Infinites are contained the 
firft infinite feries for expreffing the ratio of a circle to 
the fquare of its diameter > viz, ea. r 

ift, The circle is to the {quare of its diameter, 
aa 1 to SSMS MZ RISC, 
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to 1, by Sir I. Newton; 





a 
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: 3 i 
Ey Spans adept ey other forms of feries have 
ae by different authors to exprefs 
5 


e fs the fame 
o between the circle and circum{cribed f{quare. 

. The circumferences of circles are to one another, 

thei ’ Fcircles 

artes onal to the re gle heir radii and cir- 

semferentes; therefore the quadrature of the circle will 

be eff d by the ification its circumference ; 




















= eae cnn a ce « ald be 
found alfo, But whilft 
‘eral mathematicians. have endeavoured to determine 


‘la trae erea and circumference, others have even 
coabted of the bility of the fame. Of this latter 


~ opinion is Dr. Haac-Barrow: towards the end of his 


15th mathematical Leéture he fays, he is of opinion, 
thot the radius and circumference of a circle, are-lines 
of fach a nature, as to be not only incommenturable in 
‘egth and {quare, but even in len gth, fquare, cube, bi- 
quadrate, and all other powers to infinity: for, con- 
tinues he, the fide of the in{cribed fquare is incommen- 


{arable to the radius, and the fquare of the fide of the- 


infcribed o€agon is incommenfurable to the fquare of 
the radius ;. and Wiese ite 4 the fquare of the o&tago- 
nal perimeter is i ‘arable to the {quare of the 
radius : and thus the ambits of all a polygons, in- 
fcribed in a circle, may have their luperior powers in- 
commenturate with the co-ordinate powers aia radius; 


' from whence the laft polygon,” that is, the circle itfelf, 


feems to have its periphery incommenfurate with the 
radius. Which, if true, will put a final ftop to the qua- 
drature of the circle, fince the ratio of the circum= 
ference to the radius is alrogether inexplicable from the 
nature of the thing, and confequently the lem re- 
quiring the explication of fach a ratio is impoftible to 
be folved, or rather it requires that for its folution which 
is impoffible to be apprehended. © But, concludes he, 
this great myftery cannot be explained in a few words : 
But if time and opportunity had permitted, I would 
have endeavoured to produce many things for the expli- 
cation and confirmation of this conjecture. Sir Ifaac 
Newton too, in book ‘1 of his Principia, has attempted 
to demonftate the impoffibility of the general quadra- 
ture of oval figures, by the defcription of a fpiral, and 
the impoflibility of determining, by a finite equation, 
the interfettions of that oval and {piral, which muft be 
the cafe, if the oval be quadrable. And {everal other 
authors have attempted to demonftrate the impofiibility 
of the general quadrature. of the circle by any-means 
what ever. On the other hand, many authors not only 
bélieve in the poffibility of the quadrature of the circle, 
but fome have even pretended to have difcovercd the 
fame, and have publifhed to the world their pretended 


_ difcoveries : of which no one has rendered himfelt more 


remarkable than our countryman 
grest {cholar, and of excellent "aftanding in other 
matters. See Quaprarurt. ig ~ = 

~ The approximate quadratc re of the r7rcle however, or 


Hobbes, thougha 
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TRE eps ce = the detdmibatonof 2 ratio the diameter and 
3 BR 4X5 ~~ ExgKOXT the circumference, “hat the mathematicians of all ages 


have fuccefsfully 2cempte: 
of accuracy, ace/rding to the 

feience.» Arch*.nedes, in his book Circuli, 
firft gave a ne“r value of that ratio in fmall numbers, 
being that of 7 to 22, which are ftill ufed as very con- 
“venient num| ers for this purpofe in common meafure- 
ments. Othe- and nearer ratios have. fince been fuc- 
ceflively allignng, but in larger numbers, } 

- \88 106 to 3335 * 
: Por a1zitos 355, - 
SOF 4702 to 5347, 0 
/ OF 1815)to 5702, &e. aes 
which are @<ch more accurate than the foregoing. 
Vieta, in his Univerfalium Infpedtionum ad Canonum 
Mathematicum, publifhed. 1579, by means of the in- 
fcribed and circumfcribed polygons of 393216 fides, has 
carried the ratio to ten places of figures, the wing that, if 
the diameter of a circle be 1000 &c, the circumference 
will be aia es than 314,159,265,35, Rate 
ut lefs than 314,159,265,37, . 
And Van Colen, in his book de Circule fF pr ps0 
has, by the fame means, carried that ratio to 36 places 
of figures ; which were alfo recom puted and.confirmed 
by Willebrord Snell, After thefe, that indefatigable 
computer, Mr. Abraham Sharp, extended the ratio to 
72 plates of figures, in a fheet of paper, publithed about 
the year 1706, -by means of the Eries of Dre galtey. 
t 


from the tangent of an are of jo degrees. 
— Mi Mackin miter the = “7 
places, by other feries, depending on differences 
arcs whofe tangents have certain relations, to. one ano- 
See this method explained in my, Menfuration, 
. 120 fecondedit. . And, finally, M. De Lagny,.in the 
lemoirs de l’Acad. 1719, by means.of the r 
the arc. of 30 degrees, has extended the fame ratio to the 
amazing length of 128 places of figures; finding, that, 
if the diameter be 1000 &c, the circumference. will be 
31415.9265 3,58979,32384,62643,38327,95028, 
84197,16939,9375 1,05820,97494,45923,07816, 
40628,62089;98628,03482,53421,17967,98214, 
80865, 13272,30664,70938,446 -+ or 447— 
From fuch methods as the foregoing, a variety oft 
feries have been difcovered for the length of the cir 
cumference of acircle, fuch as the following, viz, If 
the diameter be 1, the circumference ¢ will be varioufly 
exprefled thus, ~ Bae ok HES 
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é Tf two lines A’ CD ent tie ; 





mn Tn etn f and many’ « ay 
bis ore the more + femac Pr 
circle are as follow : 





tei AC, 

But if the lines interfeét without 
the circle, the angle E is L 
by half the diférence of the'inter- — 








capet ‘arcs Al — — 
7. The an the c of a 

Sireunferete, ie @ “angle at the © 

circum on the fame 


angles, . ts fams of the 
eres eave viz FH tt 





. g. If one fide NO ofa trape- » 
zium inferibed in\a circle be con- 


ot a ss 





yas R . 
“go. An’ angle Te OS, 


are yw aie a diameter, and 


bgt pemsicslis 525.3 
or BY any r= 


peasy between od Segracts Z, 
ZW. So that if d denote the 
diameter VW, x abe abfcifs YZ, and y the ordinate 
2X5 then is y? = ¢ — x X x or = dx — x*; which 
is called the equation of the circle, 


The chord VX is a mean proportional between the 
diameter, VW and the verfed fine VZ ; and. the chord 

ae between the diameter and 
eg alfo each verfed fine is propor- 


see eta oe “of the correfponding chord ; viz 


We aWhcs omiver eu circle, whether they inter- 
fe& within the circle, or without it, asin the two figures 
to article 6,,the. fegments between the common inter- 
fe&tion and the two where each line cuts the 
-gurve, are reciprocally proportional, and their reCtan- 


yea equ vi viz, BA: EC :: ED: 


: sree: the re€tangle -of the. cn r 
diagonals is equal to the fam of 
the two reGtangles of the — 


~ chord CD in the point E; then is . 


ee BAX EB= EI 
3. Ina trapezium inferibed in 


ite Sisth viz, AC ® 
: “AD X BC. 


15. Ina circle rhofecentrede N 

and radius NO, if two / 

M, P, in the radius 
that 





tion 5 then if from the points M 
and P lines be drawn to any, or vale tap 
‘cumference, as.Q5; thefe lines will re wes 
given ratio of MO to PO; viz, iP 
16. If VW, be two points in se 
from the centre Tyan’ i and if two 
lle Zs ieee aes Bie 
int X in the circumference ; t 
eu s will be equal x 







ai 


to the fam of the fquares of the 


fegments of the pears tae 
ither point; viz, VX? 4 “4 & 
= + VS*, yor == RW! -+ WS, or'= aRT* 


ae 2VT* 


17. Ifaline FE pe SE to 
the diameter AB, meet any other, 


AF x FB= CE x ED + EF 





18. If upon the diameter GH of 
a circle there be formed a aay le 
GHKI, whofe breadth G: 
is equal to GL or HL, iy chord 
of a quadrant, or fide of the in- 
fried SA gt then if from and 

‘” to any point M_| 

i ee ‘eitche GMI, fey ‘will cut 





the ven ©. a manner ig Got + eae : 


ual, and there 
> &¢, then it 
will 


23 
2 RS, &e, be e 
1 PK, PS, 





be pa 
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i 8 SN it tt at at 







{ 
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CIR 
will be PQ: PR#: PR: PQ 4 PS::PS:PR-# 
PT::PT:PS+PV, &. - : 2 
ogee 
Bc) yv 


P : Ww 


».20. The centre of a circle being O, and Pa pointis 
the radius, or in the radius produced ; if the circum. 
ference be divided into as many equal parts AB, BC, 
CD, 2 there are units in 2n, and lines be draw 
from P Yo all the points of divifion; then fhall the 
continual produét of all the alternate lines viz PA x 
PC x PE &c be = r* — x* when P is within the 
Circle, Or a5.22en¢? when P is without the circle; 
and the produét of the reft of the lines, viz PB x. 


PD + PF &c =r +4 x": where r = AO the radiusy 


aud. x OP the diftaace of P from the centre. 





a1. A circle may thus be divided into any number of 
parts that fhall be equal to one another both in area 
and perimeter. 
fame number of equal parts at the points S, T, V, sc; 
‘then, on one fide of the diameter defcribe femicircles 
on the diameters QS, QT, QV, and on the other fide 
of it defcribe femicircles on RV, RT, RS; fo thall 
- the parts 17, 3 5,5 3,7 1 beallequal, both inarea and 
perimeter. See my Trads, pa. 93. 


22, To deferibe a Circle either about or within a given 
Regular Polygon. Bifedt two of its angles, or two of. 
its fides, with perpendiculars, and the interfection of 
the bifecting lines will, in either cafe, be the centre: 
of the circles. ~ : J 

_ Parallel, or Concentric Circizs, are fuch as are. 
equally diftant from each other in every point of their 
peripheries; or that have the fame centre. As, on: 
the other hand, thofe are called the eccentric circles, that: 
have not the fame point for their centres. 

The Quadrature of the Circue, is the manner of de-- 
feribing, or affigning, a fquare, whofe furface fhall be- 
perfectly equal to that of a circle a6 ‘sis problenr has- 
exercifed the geometricians of; 1] age¥siy*“it is now ge- 
nerally given up as a problem imposust. to be effeted, 






C287] 


_ Common circle. 


Divide the diameter QR into the - 


‘CIR 


by moft perfons that have any jult claim to that raph. 
Des Cartes infifts on “.e impoffibility of it, for this rea~ 
fon, that a right “me and a circle being of different 
natures, there cn be no ftri@ proportion between 


~them. Dr. Bar ow thews the ftrongeft probability of 


the fame thing-, and not only that the diameter and cir- 
cumference tf zmfelves, but: that all powers of them to 
infinity, are iacommenfurate. ‘ 

The Emper: r Charles V offered a reward of 109,000 
crowns toany p.rfon who fhould refolve this celebrated. 
problem: and t ¢ States of Holland alfo propofed a 
reward for the fa ne thing. See Quadrature. 

Crncies of ts Higher Orders, are curves in whick 

: wys YZ" :: YZ: YX, | 
or W2-8; YZ" 32 YZa: YX% 





“ When m and » are each equal to 1, then 
WY: YZ:: YZ: YX, which is the property of the 


Put WY = x, YZ = y, WX = a; then is 
X — a — x, and the above proportions become 
mm’ ee mpl ~n—~ 


wiyiiyia—w, ory = == «ax; and. 
mm tet ob to 
x” i:yiacw,ory. =& .a—a, the. 


equations to curves of thiskind. _—_. 
Curves defined by this equation will be ovals. when 
mis anodd number, Thos fuppofe m= 1, then the. 
equation becomes y? = 2. a—v or ax—x?, the equas 
tion to the common circle. And if m == 3, it becomes 
St= x3. a—x or axieext, which denotes a curve of 
this form AB. : 





But when m denotes'an even number, the curve will: 
have two infinite legs. So if m = 2, the equation 
becomes y3 = 2%. a—a or at*—=r', for a circle of the 
2d order, and which defines one of Newton’s defec- 
tive hyperbolas, being his 37th {pecies of curves, whofe 
afymptore is the right line EF, making an angle of 40 
degrees with the abfcifs AB. 

Cincie of Curvature, or circle of equi-curvature, 
js that circle which has the fame’ curvature with a 
given curve at a certain. point; or that circle whofe. 
radius is equal to the radius of curvature of the given 
curve at that point. het Ms ‘ 

Cracizs of the Sphere, are fach as cut the mundane. 
fphere, and have their circumference in its furface. 

Thefe circles are either fixed ov moveable. ~ i 

The lauer are thofe whofe peripheries are inthe 
: a ae . moveable 














ery io ti > immovable far- 


“>> fe€ted between the far and 





stctes of the phere 
ire he 






_vog the fame- from it, or a 


seiner coun! 
ne Spl gre, divides the -Circies 
qual parts, b van either thefame 
centre nor diameter with 33 « dinmever bein; 
only fome chord of 


as the parallels of lati 








parallels to the equinodtial, 
by the feveral ftars, and other 
apparent diurnal rota- 
2 pe 


Ptolomaic Aftronomy, is a 
cle deferibed on the centre of the equant. — Its chief 
ufe is, to find the variation of the firft inequality. ~~ 
¢ little circles parallel to the 
fuch a diftance from it, as that the ex-" 


d in 
ae a hee ing ofall 


Aig peat nore ate hich the afte 
- Obferved, that alf the circles of the Houfes, and hence they are fometimes called Circles 
{phere, defcribed above, are transferred from the hea- « of the Celeftial 


: and fo come to 


‘CrreLE Equanty in the 


the points ofeach tric fluid from the charged furface of an cleétric 
endicularly on the 
thus tracing out cir- 
tothem. So, the terreftrial equa-. 
‘ived precifely under the equinostial 
cl the heavens: and fo of the reft. - 
Horary Crxcres, in Dialling, 
fhew the hours on dials. T' 
the dials, but called circles as being the proje@ions of 


tor isa ci 

Tine, which is in 
are the lines which 

are ftraight lines on 


-Crrcie, or Hour Circle, on the globe, is 

the north pole, divided 
ui :an index to point them 
fhewing the differenee. of meridians in 
‘for the folution‘of many problems, 


razen circle fixed to 
into 24 hours, and fi € 


ination, is that imagit c ! 
the furface of the earth, which feparates the illuminated land, at an early > so in the praétice of eleétricity, 
~ fide or hemifphere of the e i i 

and all lines paffing from the fun to the earth, bein: 
i paseliel, are perpendicular to the plane o 


from the dark fide: 


Circues of Latitude, or Secondaries of the Ecliptic, 
are great circles perpendicular to the plane of. the 













proach the pole of that circ « 
ECE SiS bagel Or the; 


of Perpetual Apporition, one oF the Vee: © 
cles parallel to the equator, defcribed by the’moft n>) 
ern point of the horizon, as the fphere Potnd 
Pan the. flars inc 


CircLes 
the eclipae, demas 
\s they ap 


= 









—. 





never fet. 


fide of it, z 
7 of the horizon, and contains all thofe: 
are grest circles inierie@ting ~ appear in our hemifphere, or which never rife. 
‘of th —° “All other ftars; being contained between thefe two- 
n, in Optics, See the article Se ‘0 alternately rife and fet, at certain moments 


the diurnal rotation. ; d 
Polar Cixcixs, are immoveable circles, parallel to. 
the equator, and at fuch a diftance from the pole as is 
equal to the greateft declination of the ecliptic, which 
~ now is 23° 28’. That next the rn pole is called 
gaye : pee next the wipe ~ a 
rrcLEs of Poftion, are circl ing through the 
ineerieelons of the horizon.and 


through any degree of the ecliptic, or the ee 
rough an} ree | 1 or centre.of an: 
; Sobor i in the heavens; and are ued fot 


in 
out the fitation or potion of any ar, -‘Thefe 
e aflagers call the Caletinl 


tts BaD 





CIRCUIT, Ekérical, denotes the courfe of the elec- 


body, to the oppofite furface, into which the difcharge 
js made, Some eleétricians at firft apprehended, 
that the fame = of the eleétric fluid that were 
thrown on one fide of the charged glafs, attually made 
the whole circuit of the intervening conduétors, and ar- 
rived at the op} fide:. whereas Dr, Franklin’s 
theory only requires, that the redundancy of elediric 
matter on the eee furface thould pafs into thofe 
bodies which form part of the circuit which is con- 
tiguous toit, driving forward that part of the fluid which 
they naturally 3 and that the deficiency of the ex- 
haufted furface fhould be fupplied by the neighbouring 
conduétors, which form the laft part of the circuir. 
~ On this fappofition, a vibrating motion is fucceflively 
commanicated through the whole Jength of the circuit. 
Many attempts Were madé, both in France and Eng- 


to afcertain nce to which the eleétric fhock 
might be car i, and thevelocity of its motion. The 
French phic! Miers, at different times, caufed it to pafs 
ipcaits af. goo and even 2000 toifes, or about 

amit a half; and they difcarged the 
“ach avpafon of water; whofe furface 
ee was 








a 








civ ff agi J C.LE: 
7 é = = SO Re x ~ t Pe . = 
- ented by Diocles for. the purpofe of finding two cons which is meafured -exaétly by the revolution OF the 
tinued mean proportionals hetween two other given heavenly bodies. Loe a 
lines, ‘The generation or defcription of this curve is . CLAIRAULT (Atsxts-CLavpe), a celebrated 
as follows: . French mathematician and academician, was born at 
On the extremity B of the di- . Paris the 13th of May 1713,and died the 17th of May 
zmeter AB of the circle AOB, 4705, at $2 years of age. His father, a teacher of 
ere&t the indefinite perpendicu- mathematics at Paris, was his fole initradtor, teaching 
lar CBD, to which from the him even the letters of the alphabet on the figures of 
> other extremity A draw feveral . Euclid’s Elements, by which he was able to read and 
* ‘Hnes, cutting the circle in 1,0,N, write at 4 years of age. By a fimilar ftratagem it was ’ 
&e; and upon thefe lines fet off that calculations were rendered familiar to him. Atg 
the correfponding eéqual dif- years of age he put into his hands Guifnée’s Application , 
wrces, viz, HM = AT, and * of Algebra to Geometry; at 10 he ftadied ’Hopital’s 
!) =. AO, and CL = AN, Conic Seétions; and between 1z and 13 he read a, 
S::3 then the curve line drawn: memoir to vie Academy of Sciences concerning four | 
«rough all the points M, O,L, hew Geometrical curves of his own invention. About 
ne, is the ciffoid of Dioctes, the fame time he Jaid the firft foundation of his work | 
-ho was an ancient Greek geo- upon curves that have a double curvature, which he ~ 
metrician. a . finithed in 1729, at 16 years of age. He was named. 
This curve is, by Newton, Adjoint-Mechanician to the Academy in 1731, at the 
. reckoned among the defective age of 18, Affociate in 1733, and Penfioner in 17385 - 
hyperbolas, being the 42d fpecies during his conneétion with the Academy, he had a 
in his Exusmeratio: Linearum tere teat multitude of learned and ingenious communi¢a- 
> fit ordinis. And in his appen- Bons inferted in their Memoirs, befide feveral other. 
dix de Aiquationum Conftruétione works which he publithed feparately ; the lift of which 
Lineari, at the end of his is as follows. P oe 
Arithmetica Univerfalis, he gives anotherelegant method; 1. On Curves ofa Double Curvature ; in 1230, 4te. 
"+. of defcribing this curve-by the continual motion of a © 2, Elements of Geometry; 1741, 8vo. ar 
_ fquare ruler. Other methods have alfo been devifed by 3. Theory of the Figure of the Barth; 1743, 8vo. -- 
different authors for the fame thing. oe > 4. Elements of Alesbris 1746, 8vo. - . . 
; co hes ge fi Tables of the Moon; 1754, 8vo. pT tats 
. His papers inferted in the Memoirs of the Academy 
are too numerous to be particularifed here; but theyr 


ee q may be found from the year 1727, for almoft every year’ 
1. The curve has two infinite legs AMOL, Amol ail’ 1762; being upon a variety. of fubjedts, pe 


Meeting in a cufp A, and tending continaally towards _ snical, mathematical, optical, &c, 
ba indefinite line CBD, which is their common afymp~ CLAVIUS (CurrstorHer), a German Jefuit, wad 
te. . 5 ore orn at Bamberg in Germany, in'1537. He became 
_ 2, The curve paffes through O and o, points in the - very ftudious § vathematicing, and elaborate writer 3° 
circle equally diftant from A and B ; or it bifetts each hi, works, when collected, and clofely printed, making 
femicircle, : ¢ 5 large folio volumes ; being a complete body or courla 
3. Letting fall perpendiculars MP, IK from any cor- | of the mathematics. They are moftly elementary, and 


_ refponding points 1, M; then is AP = BK, and AM’ commentaries on Euclid and others; having very little 
Tables are aie So that, if the'diame- ofinvention of his own. His talents and writings have 


s °-_ been varioufly fpoken of, and it muft be acknowledged 
ter AB be =a, the abicifs AP = x, and the ordi ‘that they seebeisy and elaborate, He yas fent for to 
nate PM = ys then isx:a—x i: y’ tx, OFe"= Rome, to affift, with other learned men, in the refor=’ 

a —x x y*; which is the equation of the curve. “mation of the calendar, by pope Gregory ; which he 
_. . Sir Ifaac Newton, in his laft letter to M. Leibnitz, afterward undertook a defence of, againft Scaliger, 
has thewn how to find a right line equal to one of- Vieta, and others, who attacked it. He died at Rome, 
the leps of this curve, by means of the hyperbola 5, but -the 6th of February, 1612, at 75 years of age, after 
he fuppreffed the inveftigation, which however may be _ more than 50 years clofe application to the mathemat 
feen in his Fluxions. , tical feiences. 7 ? 
6. The whole infinitely long ciffoidal fpace, con- - -CLEFF. See Clift agate Fa a : 
tained between ‘the infinite afymptote BCD, and the . CLERC (Joun ve), a celebrated writer and onid 
-curves LOAo/ Sc, of the eiffoid, is equal to triple the . verfal fcholar, was born at Geneva in 1657. Afte 
generating cirtle AOBoA. pafling through the ufual courfe of ftudy at Geneva, he 

See more of this curve in Dr. Wallis, vol..1, pa. $45. “went to France in 1678 but returning the year after, 
CIVIL Day. See Day. eo . he took holy orders, Yn 1682 Le Clerc vifited England, 
Crvit Month. See Month; - ° 2.  to'learn the language: but the fmoky air of London 
Civin Year, is the legal year, or annual account of not agreeing with his. lungs, he foon returned to Hol- 
time, which every government appoints “to be ufed ~ land, where he fettled ; and was appointed profeffor of 

. Within its own dominions. - : | philofophy, polite literature, and the Hebrew tongue, 
ip is fo called in contrad'ingtion to the natural years “in Oe fchool at Amferdam. Here he long continued 

rn Qs ° p23. to 





The Properties of the Ciffid are the following 





CLE 
to read-leGtures: for which. purpofe he drew- ap and 
publithed his Logic, Ontology, “Pneumatology, and 
Natural Philofophy.. He publithed alfo Ars Critica; 
a Commentary on the Old 'Teftament 3 a Compendium 
of Univerfal Hiftory ; an Ecclefiaitical Hiftory of the 
two firft centuries; a French tranflation of the New. 
Teftament, and other works. 
jointly with M. de la Crofe, his Bibliotheque Univerfelle 
e Hifforique, in imitation of other literary journals ; 
which was continued to the year 1693,°making 26 


volumes. In 1703 he began his Bibliotheque Choifie, - 


and continued it to 1714, when he commenced another 


work on the fame plan, called Bibliotheque Ancienne et 


Moderne, which he continued to the year 1728 ;. all of 
them jultly efteemed excellent flores of yfefal know- 
‘ledge. He publithed alfo, in 1713, a neat little treatife 
on Praétical Geometry, in 2 vols. fmall 8vo, called, 
Pratique de la Gecmetrie, fur le papier et fur le terrain. 
In 1728 he was feized with a palfy and fever; and, 
after fpending the laft fix years of his life with little or 
no underftanding, he died in 1736, at 79 years of age. 
CLEPSYDRA, a kind of water clock, or an hour- 
gia ferving to meafure time by the fall of a certain. 
quantity, commonly out of one veffel into another.— 
prhere have been alfo clepfydraz made with quickfilver 5 

and the.term is alfo ufed for hour-glaffes of fand. 
By this inftrament the Egyptians meafured their 
ime and the courfe of the fun. Alfo Tycho Brahe, 
. modern times, made ufe of it to meafure the motion 


of the flars, &c; and Dudley ufed the fame contrivance. 


in making all his maritime obfervations, 

| The ule of Clepfydra is very ancient. They were 
‘ yprobably_invente: in Egypt under the Prolemys; 

"though fome authors afcribe the invention of them to 
“the Greeks, and others to the Romans. Pliny informs 

ms, that Scipio Nafica, about 150 years before Chrift, 
agave the firft hint for the conftruction of them: and 
“Pancirollus has particularly defcribed them. According 


“to his account, the clepfydra wasa veflel made of glafs, - 


twith a fmall hole ia the bottom, edged with gold: in 
‘the upper part of this veffel a line was drawn,and marked 
ywith the 12 hours: the veffel was filled with water, and 
“a cork with a pin fixed in it foated on the furface, 
pointing to the firft hour; .and as the water funk in the 
yeflel by iffuing out of the finall hole, the pin indi- 
‘gated the other hours as it defcended. 
"* Clepfydre were chiefly ufed in the winter; as fun- 
“dials ferved for the fummer. They had however two 
“great defedts 5 the one, that the water ran out more or 
“Tefs eafily, as the air was more or lefs denfe; the other, 
that the water flowed more rapidly at the beginning, 
tifin towards the conclufion when its quantity and pref 
‘fure were much decreafed, Amontons has invented a: 
. elepfydra which, it is faid, is free from both thefe in- 
_, sonveniences ; and the fame effect is produced by one 
“ defcribed by Mr. Hamilton, in the Philof. Tranf. vol. 
* 44> pa. 171, or Abridg. vol. 10, pa. 248, Varignon 
too, in the Memeires de P Acad. 1699, delivers a general 
geometrical method of making clepfydre, or water- 
“clocks, with any kind of veffels, and with any given 
‘ grifices for the water to run through. ; ‘ 
Vitravius, in lib. g of his Architeétare, treats of thefe 
_. inftruments; and Pliny in chap. 60, lib. 7, fays that 
_ Scipio Nafica was the frit who meafured time at Rome 


if 392 JD. 


In 1686, he began, ~ 


<€ RT: 


by clepfydra, or water-clocksz .Gefner, in his Pane 
deéts pa. g1, gives feveral contrivances for thefe inftru-. 
ments. Solomon de Caus alfo treats on this fubjeét in 
his Reafons of Moving Forces &c. So alfo ‘does. Oza- 
nam, in his Mathematical Recreations, in which is con- 
tained a Treatife on Elementary Clocks, tranflated from 
the Italian of Dominique Martinelli. “There is I*k< . 
wife a treatife on Hour-Glaffes by Arcangelo M. 
Radi, called Nova Sceinza de Horologi Polvere. 
allo the Technica Curicfa of Gafper Schottns; ay’ 
Amonton’s. Remarques: & Experiences Phyfiques fi 
Ja Conftru@ion d’une nouvelle Clepfydre, exempte de 
défauts des autres. : A atures» 
CLIFF, or Cierr, a term in Mufic, for a certaim 
mark, from the pofition of which the proper places of 
all other notes in a piece of mufic are known. 
~CLIMACTERIC, a critical year in a perfon’s life. 
According to fome, this is every 7th year: but others 






“allow it-only to thofe years produced by multiplying 7 


by the odd numbers 3, §, 7,9. “Thefe years, fay theys | 
bring wich them fome remarkable change with refpect 
to health, life, or fortune: the grand climadteric is the 
634 year; but fome add alfo the Sit to it: the other. 
remarkable climatterics are the 7th, 21ft, 35th, 49th, - 


“and 56th. - 


CLIMATE, or Cline, in Geography, a part of the 
furface of the earth, bounded by two leffer circles paral- 
Jel to the equator; and of fucha breadth, as that the 
Jongeft day in the parallel nearer the pole exceeds the 
longeft day in that,next the equator, by fome certain 
fpace, as half an hour, or an hour, or a month, et 

The beginning of a climate, is a parallel circle in 
which the day is the fhorteR ; and the end of the clis 
mate, is that in which the day is the longeft. The clir. 
mates therefore are reckoned from the equator to the 


-pole; and are fo many zones or bands, terminated by 


lines parallel to the equator : though, in ttri€tnefs, there 
are feveral climates, or different degrees of light or 
temperature, in the breadth of one zone. Each cli- 


‘mate only differs from its contiguous ones, in that the 


longeft day in fammer is longer or fhorter, by half an 

hour, for inftance, in the one place than in the other. 
As the climates commence at the equator, at the bew 
ginning of the firft climate, that is at the equator, the 
day is juft 12 hours long ; but.at the end of it, or at the 
beginning of the zd climate, the longett day is 12 houre 
and a half Jong; and at the end of the 2d, or begine 
ning of the 3d climate, the longeft day is 13 hours longs 
and fo of the reft, as far as the polar circles, where the 
hour climates terminate, and month climates commence, 
And as an hour climate is a fpace comprifed between 
two parallels of the equator, in the firft of which the 
longeft day exceeds that in the latter by half an hours 
fo the month climate is a fpace contained between two 
circles parallel to the polar circles, and having its longeft 
‘day longer or fhorter than that of its contiguous one, 
by a month, or 30 days. But fome authors, as Ricci- 
olus, make the longeit day of the. contiguous climates 
to differ by half hours, to about the latitude of 45 de- 
grees; then to differ by an hour, or fometimes 2 hours, 
to the polar circle ;. and after that by a month each. 
See tables of climates in Varenius, chap. 25, prop. 13. 
_ The ancients, who confined the climates to what they 
thought the habitable: paris of the earth, seckoned.only 
# kk feven. 


: ~eCLo- 
feven, the iniddles of which they made to pafs through, 


fome remarkable places; as the 1{t through Meroe, the’ 


2d through Sienna, the 3d through Alexandria, the 4th 


through Rhodes, the 5th through Rome, the 6th_ 
throuzh Pontus, and the 7th-through the mouth of the. 


Boryithenes. But the moderns, who have failed far- 


ther towards the poles, make 30 climates on each fide. _ . 


Vulgarly the term climate is beftowed on any coun- 
try or region differing from another either in refpea- 
of the feafons, the quality of the foil, or even the man- 
ners of the inhabitants; withour, any yegard to the. 
Jength of the longeft day. Abulfeda, an Arabic aa- 
thor, diftinguifhes the firft kind of climates by the term: 


- veal climates, and the latter by that of apparent climates.” 


, CLOCK, a machine now conftruéted in, fuch a man- 
_ her, and fo regulated by.the uniform motion of a peri- 
dulum, as to meafure time, and all its fubdivifions, with 
* great exactnefs. Before the invention of the pendu- 


lum, a balance, not unlike the fly of a kitchen-jack,. © 


. was ufed inflead of it—-They were at firft called noc- 
tprnal dials, to diftinguifh them from fun-dials, which. 
dShewed the hour by the thadow of the fan. as 

“. ‘The invention of clocks with wheels is afcrihed to 

. Pacificus, archdeacon af Verona, in the gth century, 
on the credit of an epitaph quoted by Ughelli, and bor- 

. xowed by him from Parvinius. Others attribute the 

_ invention to Boethius, about the year 510. °° 

.. Mr. Derham, however, makes clock-work ofa muck 
older date; ranking Archimedes’s {phere, mentioned 
by Claudian, and that of Pofidonius, mentioned by 
Cicero, among machines of this kind : not that either 
their form or ufe were the fame with thofe of ours; 
but that they had their motion from fome hidden 
weights, or fprings, with wheels or pulleys, or fome 
fuch clock-work principle. . : 

In the Difguifitiones Menaftice, of Benedi&tus Haéf-. 


ten, publifhed in the year 1644, he fays, that clocks - 


were invented by Silveiterthe 4th, a monk of his order, 
about the year gg8, as Dithmarus and Bozius have 
fhewn ; for before that time, they had nothing but fun- 
dials and clepfydrz to fhew the hour.—Conrade Gefner, 
in his Epitome, pa. 604, fays, that Richard Walling- 
ford, an-Knglifh abbot of St. Albans, who flourifhed in 
the year 1326, made a wonderful clock by a moft ex- 
cellent art, the like of which could not be produced 
by all Europe.—Moreri, under the word Hureloge du 
Palais, fays, that Charles the Fifth, called the wife 


king of France, ordered at Paristhe frft large clock to.” 


be made by Henry de Vie, whom he fent for from Ger- 
many, and fet it upon the tower of his palace, in the 
year 1372.—John Froiffart, in his Hifforre & Chronique, 
vol..2, ch. 28, fays, the duke of Bourgogne had a, 
“clock, which founded the hour, taken away from the 
city of Courtray, in the year 1382? and the fame thing 
isfaid by Wm. Paradin, in his dunales de Bourgogne. 
Clock-makers were firft introduced into England in 
1368, when Edward the 3d granted a licence for three 
artifts to come aver from Delft in Holland, and 
tife their occupation in this country. Ream 
. The water-clocks, or clepfydiz, and fan-dials, have 
both a mach better claim to antiquity. The French 
annals mention one of the former kind, fent by Aaron. 
king of Perfia, to Charlemagne, about the year 807,. 
which. it would. feem bore fome refemblance to the 
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modern clocks : it was of brafs, and fhewed the hours 
by 12 little balls of the fame metal, which at the end 
of each hour fell upon a bell, and madea found. There 
were alfo figures of 12 cavaliers, which at the end of 
each hoxrr came out through certain apertures, or wint 
‘dows, in the fide of the clock, and fhut them again, &c.f, 
The invention of peridulum clocks is owing to the 


“happy induftry of the laftage; and she honour of that - 
difcovery is difputed between Galileo and Huygens. . 


-'The latter, who wrote an excellent volume on the fubs 
jet, declares it was firft put in praétice in the year 
1657, and the defcription of it printed in 1658. Becher; 

‘De Nowa Temporis dimetiendi Theoria, anno 1680, con* 
tends for Galileo; and relates, though at fecond-hand, 
the whole hiilory of the invention; adding that one 

_Trefler, clock-maker. to the father of the then grand’ 

“duke of Tufcany, made the firft pendelam clock at. 

-Florence, under the direction-of Galileo Galilei, a pat» 
tern of which was brought to Holland, And‘the Aca 
demy de! Cimento fay exprefsly, that the application: 

_ of the pendulum to the movement of a clock was firft 

-' propofed by Galileo, and put'in praétice by his fon: 
Vicenzo Galilei, in 1649. But whoever may have: 

“been the inventor, it-is certain that the invention never" 
flourifhed till it came into the hands of Huygens, who: 
infifts on it, that if ever Galileo thought of fuch.a thingy, 
he never brought it to any degree of perfection. The 
firt pendulum clock made in England was in the yeat 

1662, by one Fromantil, a Dutchman. . é 

Among the modern clocks, thofe of Strafburg and! 
Lyons are very eminent for the richnef of their furnis 
ture, and the variety of their motions-and figures, . Iy 
the former, a cock claps his wings, and proclaims the 
hour: the angel opens a door, and falutes the Virgin, 
and the holy {pirit defcends on her, &c. In the latter, 
two horfemen encounter, and heat the hour upon each, 
other: a door opens, and there appears on the theatre: 
the Virgin, with Jefas Chrif in her arms; the Magi,. 

“with their retin} marching in order, and prefenting- 
their gists; two trumpeters founding all the while i 
proclaim the proceffion. ; 

Thefe, however, are far excelled by two that have: 
lately becn made by Englifh artiits, as a prefent from. 
the Eaft-India company to the emperor of China, 

- Thefe two clocks are in the form of chariots, in each: 
of which a lady is placed, in a fine attitude, leaning. 

‘her right hand upon.a part of the chariot, under which 

appears a clock. of curious workmanfhip, dittle larger 
than a fhilling, that ftrikes and repeats, and goes for 
eight days. 

modelled, and fet. with diamonds.and rubies, with its. 
wings expanded in a flying pofture, and actually flatters. 
for a confiderable time, on touching a diamond button 
below it § the body of the bird, in which are contained’ 


. part. of the wheels that animate it as it were, is lefs. 


than the 16th part of aninch., The lady holds in hers 
left hand a golden tube little thicker than‘a Jarge pin,. 
on the top-of which is a {mall round box, to which is 
-fixed a circular ornament not Jarger than a fixpence, 
fet with diamonds, which goes.round in near three 
hour8 in a conftant regular motion. Over the lady’é. 
- head is a double umbrella, fupported by a finall fluted: 
pillar not thicker than a quill, and under the larger of 


which a bell is fixed at a. confiderable diftance nen an 
i* oH is oo eM ge te ome 7 OCR. 


z woe 


Upon the Jady’s finger fits a bird, finely: - 
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clock, with which it feems not to have any connection ; 
but from which a communication is fecretly conveyed 
oa hammer, that regularly ftrikes the hour, and re- 


‘peats the fame at pleafure, by touching a diamond but= 


ton fixed to the clock below. At the feet of the lady 


isa golden dog; before which, from the point of thé” 
chariot, are two birds fixed on fpiral fprings, the wings _ 


and feathers of which are fet with ftones of various co- 
lonrs, and they appear as if flying’ away with the cha- 


riot, which, from another fecret motion, is contrived” - 


“to run in any direétion, either ftraight or circular, &c3 


“alfo. to puth it forwards. 


whilft a boy, that lays hold of the chariét behind, fees 


: flowers and ornaments of precious ftones; and it ter- 


minates with a flying dragon fet in the fame manner. 


“The whole-is of gold, moft curioufly executed, and 


embellifhed with rubies and pearls. 

The ingenious Dr. Franklin contrived a clock to 
fhew the hours, minutes, and feconds, with only three 
wheels and two pinions in the avhole movement. The 


* dial-plate has the hours engraven upon it in fpiral {paces 


along two diameters of a circle, containing four times 
60 minutes. The index goes round in four hours, and 
counts the mfrasesfrom any hour by which it has paffed 


-to the next following hoor.” The fmall hand, in an 


arch at top, goes round once in a minute, and fhews 


in bis feleét Exercifes, pa. 4, 


ithe 'feconds. ‘The clock is wound up by a line going 
over a pulley, on the axis of the pee wheel, 


ike a 


common 30 hour clock. Many of thefe very fimple 


. Machines have fince been conftructed, that meafure time 


exceedingly well, This clock is fubje€t, however, to 
the inconvenience of requiring frequent winding, by 
drawing up the weight; as alfo to fome uncertainty as 


* to the particular hour fhewn by the index, 


‘Mr, Fergufon has propofed to remedy thefe incon- 
veniences by another conftru@tion, which is defcribed 
This clock will go a 


. week without winding, and always fhews the precife 


hour; but, as Mr, Fergufon acknowlédges, it has two 


* difadvantages which do not belong to Dr. Franklin’s 
‘ elock: when the minute hand is adjufted, the hour 


plate muft alfo be fet right, by meats of a pin: and 
the fmallnefs of the teeth in the pendulum wheel will 
eaufe the pendulum ball to defcribe but {mall arcs in its 
vibrations 3 and therefore the momentum of ‘the ball 


> will be lefs, and the times of the vibrations will be more 


affe€ted by any unequal impulfe of the pendulum wheel 


_ onthe pallets. ‘Befides, the weight of the flat ring, 


on which the feconds are engraven, wili load the pi- 
vots of the axis of the pendulum wheel with a great 
deal of frifion, which ought by all poflible means to 
be avoided. ‘I'o remedy this inconvenience, the fe- 
conds plate might be omitted. : 
Mr. Fergufon alfo contrived a clock, fhewing the 
sapparent diurnal motions of the fun and moon, the age 


- and phafes of the moon, with the time of her coming 


to the meridian, and the times of high and low water ; 
and all this by having only two wheels and a pinion 
added to the common movement. See his Select Exer- 
cifes before mentioned. In this clock the figure af the 
fan ferves as an hour index, by going round the dial- 

ate jn 24 hours; anda figure of the moon goes round 
in 24 h. sof min. the time of her going round in the 
heavens from-any meridian tothe fame meridian agains 


ty 


Above the umbrelia are: 
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Aclock of this kind was.adapted by Mr. Fergufon to 
the movement of an oid watch. alfo.a defcription 
and drawing of an aftronomical clock, fhewing the ap- 
parent daily motions of the fun, moon, and ftars,. with 
the times of their rifing, fouthing, and ferting ; the 
places of the fun and moon in the ecliptic, and the gge 
and phafes of the moon for every day in the year, im 
the fame book, p. 19. Be RS oa i 
~-There have been feveral treatifes upon clocl:s; the 
principal of which are the following. Hieronymus’ 
Cardan, de Varietate Rerum, libri 17.—Conrade Dafy- 
podius, Defcriptio Horologii Aftronomici Argentinen- 
fis in famma Templi ere&ti.—Guido Pancirollus, An- 
tiqua deperdita & nova reperta—L’Ufage du Cadran,’ 
ou de PHorloge Phyfique Univerfelle, par Galilée, 
Mathematiciea du Duc de Plorence.+—-Oughtred’s 
Opafeula Mathematica. —Huygens’s Horologiam Ofcil- 
latoriiim.—-Pendule perpetuelle, par PAbbé de Haute- 
fevilie.—J. J. Becheri Theoria & Experientia de nova 
‘Temporis dimetiendi ‘Ratione & Horologioruam Con- 
ftructione. Clark’s Oughtredus explicatus, ubi de 
Confreione Horologioram.—Horological Difquifi- 
tions.—Huygens’s Po!thumous Works.—Sully’s Regle 
Artificielle du Temps, &c.—-Serviere’s Recueil d'Ou- 
vrages Curieux.—Derham’s' Artificial Clock-maker.—" 
Camus’s ‘fraités des Forces Mouvantes.—Alexandre’s’ 
Traité Général des Horologigs.—Alfo Treatifes and’ 
Principles of Clock-making, by Hatton, Cuming, &c. 
&e. ; : oa eo 
“CLOUD, a colleGion of vapours, fufpended in the 
atmo!phere, and rendered vifible. . — , 
Although it be generally allowed that the clouds are 
formed from the aqueous vapours, which before were 
fo clofely united with the atmofphere as to be invifi- 
ble: “it is, however, not eafy to account for the lon 
continuance of fome very opaque clouds without dif- 
folving ; or to affign the reafon why the vapours. when 
they have once begun to condenfe, do not continue to 
do fo cill they at lait fall to the ground in the form of 
rain or fnow, &c., It is now known that a feparation: 
of the latent heat from the water of which vapour is 
compofed is attended with a condenfation of that va- 
pour in fome degree ; in fuch cafe, it will firt appear 
as a fmoke, mitt, or fog ; which, if interpofed between 
the fun aad earth, will form a cloud ;-and the fame 
enufes continuing to operate, the cloud will produce 
rain or frow. It is however abundantly evident that 
fome other caufe befides mere heat or cold is concerned 
in the formation of clouds, and the condenfation of atmo. 
fphericat vapours. This cqufe is efteemed in a great 
meafure the electrical fluid; indeed eleétricity is now 
fo generally admitted as an agent in all the great ope- 
rations of nature, that itis no wonder to find the forma- 
tion of clouds attributed to it; and this has accordingly 
been given by Beccaria as the caufe of the formation of 
dll clouds whatfoever, whether of thunder, rain, hail, 
or faow, BS, oes ae . 
~ Bat whether the clouds are produced, that is, the 
atmofpheric vapours rendered vifible, by means of elec- 
tricity or not, itis ceytain that they do often contain 
the electric fluid in prodigious ‘quantities, and many 





-terrible’and deftruétive accidents have been occafioned 


by clouds very highly electrified. The moft extraordi- 
wary inflance of this kind perhaps on record happened 
Ss .. in 


> CLO- 
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in the ifldnd of Java, in the Eaft-Indies, in ‘Augutty well as the meeting.of {mall clouds in the air, and _ 


1772. 
bright cloud was obferved covering a mountain in the 
difri& called Cheribou, and feveral reports like thofe 
of a gun were heard at the fame. time. 
who dwelt upon the upper part-of the mountain not 
being able to fly faft enough, a great part of the cloud, 
eight or nine miles in circumference, detached irfelf 
under them, and was feen at a diftance, rifing and fall- 
ing like the waves of the fea, and emitting globes of 
fire fo luminous, that the night became as clear as day. 
‘The effects of it were aftonithing ; every thing was de. 


On the ith of that month, at midnight, a- 


The people. 


nithing npon contac, is a fure fign of thunder ¥ 
The ufes of the clouds are evident, as from them 
proceeds the rain that refrefhes the earth, and without 
which, according to the prefent flate of nature, the 
whole furface of the earth muft become a mere deferu 
They are likewife ufeful as a fcreen interpofed between. 


the earth and the fcorching rays of the fun, which are * 


often fo powerful as to deftroy the grafs and other 


“tender vegetables. In the more fecret operations af 


flroyed for 20 miles round ; the houfes were demolifli- . 


ed; plantations were buried in the earth; and 2140 
people loft their lives, befides 1500 head of cattle, and 
a vaft number of horfes, goats, &c. Another remarks 
able intlance of the dreadful effeéts of electric clouds, 


which happened at Malta the 2gth of O&ober 1757, ~ 


. is related in Brydone’s Tour through Malta. 

The height of the clouds. is not ufually great: the 
fommits of high mountains being commonly quite free 
from them, as many travellers have experienced in paf- 
fing thefe mountains, It is found that the moft highly 

-elecrified clouds defcend loweft, their height being 
often not more than 7 or 800 yards above the ground ; 
and fometimes thunder-clouds appear a€tually to touch 
the ground with one of their edges; but the generality 
of clouds are fufpended at the height of a mile, or 
little more, above the earth. 

The motions of the clouds, though often direfted 

y the wind, are not always fo, efpecially when thander 

is about to enfue. In this cafe they are feen to move 

“very flowly, or even to appear quite flationary for fome 
time, 
‘impelled by two oppofite ftreams of air nearly of equal 

firength; and in fuch cafes it feems that both the 

aerial currents afcend to a confiderable height; fdr 

Meff. Charles and Robert; when endeavouring to avoid 


a thunder cloud, in one of their aerial voyages with a, 


balloon, could find no alteration in the courfe of the 
current, though they alcended to the height of 4coo 
feet above the earth, In fome cafes the motions of the 
clouds evidently depend on their eleétricity, indepen- 
dent of any current of air whatever.. Thus, in a calm 
_ and warm day, {mall clouds are often feen meeting each 


other in oppofite dire@ions, and fetting out from fuch , 


fhort diftances, that it cannot be fuppofed that any 
oppofite winds are the caufe. 
meet, inftead of forming a larger one, become much 
fmaller, and. fometimes quite vanith; a circumftance 
mott probably awing to the difcharge of oppofite elec- 
tricities into each other. And this ferves alfo to throw 
fome light on the truc caufe of the formation of clouds; 
for if twaclouds, the one eleétrifed pofitively, and the 
other negatively, deflroy each other on contaét, it fol 


lows that any quantity of vapour fufpended in the at~' 


mofphere, while it retains its natural quantity of elec~ 
tricity, remains invifible, but becomes a cloud when 
electrified either plus or minus, . - Ghee 

The-thapes of the clouds are alfo probably owing to 
their eledtricity ; for in thofe feafons in whicha great 


commotion has been excited in the atmofpherical elec-. 


tricity, the clouds are feen affuming ftrange and whim- 


Seal Shapes, that are continually varying, _ This, aa the 2d term is equal to. the fum of all. the 


Such clouds, when they~ 


- ledge of the law. 


The reafon of this probably is, that they are ~ 


“geographer, was born at Dantzic in 1580. 


‘ples. 


-which the Latins call Cochlea, 


nature too, where the ele@tric fluid: is concerned, the 
clouds bear a principal fhare; and chiefly ferve ag 
a medium for conveying that fuid from the atmofphere 
into the earth, and from the earth into the atmofpheres 
in doing which, when ele@rified to a great degree, 
they fometimes produce very terrible. cffeéts; an ine 
ftance of which is related above. 7 : 
CLOUTS, in Artillery, are thin plates of iron nailed 
on that part of the axle-tree of a gun-carriage which 


‘comes through the nave, and through. which the linG 
‘pin goes., : . 


CLUVIER, or Cruvertus, (Purp), acelebrated 
After an 
education at home, he travelled into Poland, Germany’, 
and the Netherlands, to improve himfelf in the know- 
But, when at Leyden, Jofeph Sca» 
liger perfuaded him to give way to his genius for gear, 
graphy. In purfuance of this advice, Clovier vifite 
the greateft part of the European ftates. He was well. 
fkilled in many languages, {peaking half a {core with. 
facility, viz, Greek, Latin, German, French, Englily. 
Dutch, Italian, Hungarian, Polifh, and Bohemian. On, 
his return to Leyden, he taught there with great ape 
lanfe ; and died in 1623, being only 43 years of ages. 
Juftly efteemed the firft geographer who had put his rae 
fearches in order, and reduced them to certain princi. 
He was author of feveral ingenious works im 
geography, viz: ‘ : x 
4. De Tribus Rheni Alveiss ~ 
12. Germania Antiqua. . - 
3» Italia Antiqua, Sicilia, Sardinia, & Confira. 
4. Introductio in Univerfam Geographiam. 2 
> COASTING, is that part of Navigation in which: 


the places are not far afunder, fo that a thip- may {ail in, 


fight of land, or within foundings between them. 
COCHLEA, one of the five Mechanical powérs, 


otherwife called the Screw ; being fo named from the: ~ 


refemblance a fcrew bears to the {piral thf of a fnail, 
See Sckew, and Maze. 
CHANICAL Powers, Y 
COCK of a Dial, the pin, ftyle, or gnomons i 
COEFFICIENTS, in Algebra, are numbers, or 
given quantities, ufually prefixed to letters, or unknown 
quantities, by which it is fuppofed they are multiplied 
and fo, with fuch letters, or quantities, making a prom, 
dudt, or coefficient produdtion 5 whence the name. ? 
‘Thus, in 3a the coefficient is 3, in 4x it is 6, and in- 


‘The name ceeficient was fir given, 

by Vieta. me x 
In any equation fo-redaced as that its higheft' power 
or term has 1 for its coefficient ;. then the coefficient of 
roots, berth. 
< pofttive, 


ex itis. If a quantity have no number prefixedy. . 
unity or 1 is underftood ; as @ is-the fame as 1a,. an 
che the fame as -1b¢. 


Be 
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pofitive ‘and negative; fo thavifthe 2d term is wanting 
in‘an equation, the fum of the pofitive roots of that 
equation is equal to the fum of the negative roots, as 
they mutually balance and cancel each other. Alfo the 
coefficient of the 3d term of an équation is equal to the 
fum of all the reétangles arifing by the multiplication of 
every two of the roots, how many ways foever they can 
be combined by twos; as once in the quadratic, 3 times 
in the cubic,.6 times in the biquadratic equation, &c. 
And the coefficient of the 4th term of an equation, is 
the fum of all the folids made by the continual multi- 
plication of every three of the roots, how often foever 
fuch a ternary can be had; as once ina cubic, 4 times 
in a Biquadratic, 10 times in an equation‘of § dimen- 
fions, &c. And thus it will go on infinitely. ~ 

CogFFIcients of the fame Order, js a term fome- 
times ufed for the coefficients prefixed to the fame un- 
‘known quantities, in different equations. 7 

ax + by + cx = ty 

‘Thus in the equations 4 de + ey + /% =a, 

gx + hy + kz =p, 
the coefficients a, ¢, g, are of the fame order, ‘being 
the cocficicnts of the fame letter x; alfo 4, e, 6 a¥é of 
the fame order, being the coeflicients of y; and fo on. 

Oppofre Courricie ns, fuch as are taken each from 
a different equation, and from a different order of co- 
eflicients.” ‘Thus, in the foregoing equations, a; ¢, &, 
or a>, fy ord, 8, &, &c, are oppofite coeflicieats. 

COELESTIAL, See CeLesriac. 

COFFER, in Architeéture, a fquare depreffure or 
finking, in each interval becween the modillions of the 
Corinthian cornice ; ufaally filed up with a rofe; fome- 
times with a pomegranate, or other enrichment, 

COFFER, in Fortification, denotes.a hollow todg- 
ment, Athwart a dry moat, 6 or 7 fect deep, and’ 16 
or ¥8 broad. ‘I'he upper part of it is made of pieces 
of timber, raifed 2 feet above the level of the moat; 
the elevation having hurdles laden “with earth for its 
covering, and ferving as a parapet with embrazures. 

The coffer is nearly the fame with the caponiere, 
excepting that this lait is fometimes made beyond the 
counterfcarp on the glacis, and the coffer always in the 
moat, taking up its whole breadth, which the caponiere 
does not. ; 

It differs from the traverfe and gallery, in that thefe 

are made by the befiegers, and the coffer by the be- 
fieged. 
_ The befieged commonly make ufe of coffers to re- 
pulie the befiegers, when they endeavour to pafs the 
ditch, And,.on the other hand, the befiegers, to fave 
themfelves from the fire of thefe coffers, throw up the 
earth on thas fide towards the coffer. 

COFFER-Dams, or Batardeaux, in Bridge-building, 
are inclofures formed for laying the foundation of piers, 
and for other works in water, to exclude the furround- 

“ing water, and fo prevent it from interruptiog the 
workmen. 

Thefe.inclofures are fometimes fingle, and fometimes 
double, with clay rammed between them ; fometimes 
they are made with piles driven clofe by one another, 
and fometime: the piles are sotched or dove-tailed into 
one another; but the moft ufual method is to drive 
piles with grooves in them, at the diftance of five or fix 
feet from each other, and then boards are let down 
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between them, after which the water is pumped out. 

COGGESHALL’s Sliding-Rule, an inftrument uted 
in Gauging, and fo called from its inventor. See the 
defcription and ufe under Sirp1nG- Rule. 

COHESION, one of the four fpecies of attra&ion, 
denoting that force by which the parts of bodies adhere 
or ftick together. - 

This power was firft confidered by Newton as one 
of the properties effential to all matter, and the caufe 


of all that variety obferved in the texture of different 


terreftrial bodies. He did not, however, abflutely de- 
termine that the power of cohefion was an immaterial 
one; but that ic might poffibly arife, as well as that of 
gravitation, from the aétion of another. . His doétrine 
Of cohefion Newton delivers in thefe words: « The 
particles of all hard homogeneous bodies, which touch 
one another, cohere with a great force; toaccount for 
which fome philofophers have recourfe to a kind of 
hooked atoms, which in efe& is nothing elfe but to 
beg the thing in queflion, Others imagine that the 
particies of bodies are connedted by reft, 1. e. in effect 
by nothing at all; and others by confpiring motions, 
ie. by a relative reft among themfelves. For myfelf, 
it rather appears to me, that the particles of bodies 
cohere by an attractive force, whereby they tend ma- 
tually toward each other: which force, in the very 
point of contaét, is very great; at littke diftances is 
lefs, and at a little farther Riance is quite infentible.”’ 
ft is uncertain’ in what proportion this force’ de- 
creafes as the’ diftance increales: Defaguliers conjec- 
tres, from foie phenomena, that it decreafes as the 
biquadratic or 4th power of the diftance, fo that at 
twice the diftance it aéts 16 times more weakly, &c. 

«Now if compound bodies be fo hard, as by ex- 
perience we find fome of them to be, and yet have a 
great many hidden pores within them, and confit of 
parts only laid together ; no doubt thofe fimple parti- 
cles which have no pores within them, and which were 
never divided into parts, mult be vaftly harder. For 
fuch hard particles, gathered into a mafs, cannot pof- 
fibly touch in more than a few points: and therefore 
much lefs force is required to fever them, than to break 
a folid particle, whofe parts touch throughout all their 
farfaces, without any intermediate pores or interftices. 
But how fuch hard particles, only laid together, and 
touching only in a few points, fhould come to cohere 
fo firmly, as in faét we find they do, is inconceivable ; 
unlefs there be fome caufe, whereby they are attracted 
and preffed together. Now the fmallelt particles of 
matter may cohere by the ftrongeft attractions, and 
conititute larger, ‘wpofe attracting force is feebler ; 
and again, many of thefe larger ‘particles cohering, 
may conftitute others fill larger, whofe attractive force 
is fll weaker; and fo on for feveral fucceffions, till 
the progreffion end in the biggett particle, on which 
the operations in chemiftry, and the colours of natural 
bodies, do depend ; and which by cohering compofe 
bodies of a fenfible magnitude.” 

Again, the opinion maintained by many is that which 
is fo itrongly defended by J. Bernoulli, De Gravitate 
Atheris ; who attributes the cohefion of the purts of 
matter to the uniform preffure of the atmofphere: 
confirming this opinion by the known experiment of 
two polifhed marbie planes, which cohere very ftrongly 

ain 
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in the open air, but eaiily drop afunder ia an exhaufted™ 


receiver. However, if two plates of this kind be 
fmeared with oil, to fill up.the pores in their furfaces, 
and prevent the lodgment of air, aml one of them be 
gently rabbed upon the other, they will adhere fo 
trongly, even when fufpended in an exhaulted receiver, 
that the weight of the lower plate will not be able to 
feparate it from the upper one. But although this 
theory might ferve tolerably well to explain the co-~ 
hefion of compofitions, or greater collections of matter; 
yet it falls far fhort of accounting for that firt cohefion 


of the atoms, or primitive corpufcules, of which the 


particles of hard bodies are compofed. 

Again, fome philofophers have pofitively afferted, that 
the powers, or means, aré immaterial, by which matter 
coheres; and, in confequence of this fuppofition, they 
have fo refined upon attractions and repulfions, that 
their fyftems feem but little thort of {cepticifm, or de- 
nying the exiftence of matter altogether. A fyftem of 
this kind is adopted by Dr. Prieftley, from Meffts. 
Bofcovich and Michell, to folve fome difficulties con- 
cerning the Newtonian doétrine of light. See his 
Hiftory of Vifion, vol. 1. pa. 392. “* The eafieit me- 
thod,” fays he, “‘ of folving all difficulties, is to adopt 
the hypothefis of Mr. Bofcovich, who fuppofes that 
matter is not impenetrable, as has been perhaps univer- 
fally taken for granted ; but that it confitts of phyfical 
points only, endued with powers of attraction and re- 
pulfion in the fame manner as folid matter is generally 
fuppofed to be: provided therefore that any body move 
with a fafficient degree of velocity, or have a fufficient 
momentum to overcome any powers of repalfion that 
it may meet with, it will find no difficulty in making 
its way through any body whatever; for nothing elfe 
will penetrate one another but powers, fuch as we know 
do in fa& exift in the fame place, and counterbalance 
or over-rule one another, The moft obvious difficulty, 
and indeed almoft the onty one, that attends this hypo- 
shefis, as it fuppofes the mutual penetrability of matter, 
arifes from the idea of the nature of matter, and the 
difficulty we meet with in attempting to force two 
bodies into the fame place, But it is demonttrable, 
that the firft obftruction arifes from no aGual conta 
of matter, but from mere powers of repulfion. This 
difficulty we can overcome; and having got within 
‘one fphere of repulfion, we fancy that we are now im- 
peded by the folid matter itfelf. But the very fame 
1s the opinion of the generality of mankind with refpe& 
to the firit obftruction, Why, therefore, may not the 
next be any another fphere of repullion, which may 
only require a greater force than we can apply to over- 
come it, without difordering the arrangement of the 
conftituent particles; but which may be overcome by 
a body moving with the amazing velocity of light?” 

Other philofophers have fuppofed that the powers 
both of gravitation and cohefion are material ; and that 
they are only different aétions of the etherial fluff, or 
elementary fire. In proof of this doétrine, they allege 
the experiment with the Magdeburg hemifpheres, as 
they are called. The preflure of the atmofphere we 
fee is, in this cafe, capable of producing a very ftrong 
cohefion; and if there be in nature any fuid more 
penetrating, as well as more powerful in its effe&s, 
than the air we breathe.-it is pofible thar whar ic called 
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the attraction of cohefion may in fome meafure be an 
effect of the adtion of that fuid. Such a fluid as this 
is the element of fire. Its aGtivity is fuch as to penc- 
trate all bodies whatever: and in the ftate in which it 
is commonly called fre, it as. according to the quar- 
tity of folid matter contained in the body. In this 
flate it is capable of diffolving the ftronget cohefions 
obferved in nature. Fire, therefore, being able to dif- 
‘Yolve cohefions, mutt alfo be capable of eaufing them, 
provided its power be exerted for that purpofe, which 
poflibly it may be, when we confider its various modes 
Or appearances, viz. as fire or heat, ia which ftate it 
confumes, deftroys, and diffolves; or as light, when it 
feems deprived of that deftruétive power ; and as the 
eledtric fluid, when it attraas, repels, and moves bo. 
dies, in a great variety of ways. In the Philof. Tranf. 
for 1777 this hypothefis is noticed, and in fome meafure 
adopted by Mr. Henly. «* Some gentlemen (fays he) 
have fuppofed that the electric matter is the caufe of 
the cohefion of the particles of bodies. If the eledtric 
matter be, as I fufpett, a real elementary fire inherent 
inall bodies, that opinion may probably be well founded ; 
and perhaps the foldering of metals, and the cemerits- 
tion ofiron, hy fire, may be confidered as ftrong proofs 
of the truth of their hypothefis.” 

But whatever the caufe of cohefion may be, its effe@s 
aré evident and certain. The different degrees of 
it coiiftitute bodies of different forms and properties. 
Thus, Newton obferves, the particles of fluids, which 
do not cohere too ftrongly, and are fmall enough to 
render them falceptible of thofe agitations which keep 
liquors in a fluor, are moft eafily feparated and rarefied 
into vapour, and make what the chemiils call wolari/e 
bodies; being rarefied with an eafy heat, and again 
cotdenfed with a moderate cold. Thofe that haye 
groffer particles, and fo are lefs fafceptible of agitation, 
or cohere by a ftronger attration, are not Gpaable 
without a greater degree of heat; and fome of them 
not without fermentation: and thefe make what the 
chemifts call fixt bodies. 

Air , in its fixed ftate, poffefles the interftices of folid 
fubitances, and probably ferves as a bond of union to 
their conftituent parts; for when thefe parts are fepa- 
tated, the air is difcharged, and recovers its elalticity. 
And this kind of attraction is evinced by a variety of 
familiar experiments; as, by the union of two conti- 
guous drops of mercury; by the mutual approach of 
two pieces of cork, floating near each other ina bafon 
of water; by the adheiion of two leaden balls, whote 
furfaces are {craped and joined together with a gentle 
twift, which is fo confiderable, that, if the furfaces are 
about a quarter of an inch in diameter, they will not 
be feparated by a weight of toolb; by the afcent of 
oil or water between two glafs planes, fo as to form 
the hyperbolic curve, when they are made to touch on 
one fide, and kept feparate at a fmall diftance on the 
other ; by the depreffion of mercury, and by the rife 
of water in capillary tubes, and on the fides of glais 
veffels; alfoin fugar, fponge, and all porous fubftances. 
And where this cohefive atiraGion ends, a power of 
repulfion begins. 

To determine the force of cobefion, in a variety of dif- 
ferent fubftances, many experiments have been made, 
and narniowtarly hy nrnfetne Muicherheneal | Then? 
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hefion of scr nvei about two. inches in diameter, 
heated in boiling water, and {meared with greafe, re- 
quired the following weights to feparate them : 


Cold greafe Hot greafe 
Plane of Glafs - - sgolb = goolb 
Brafs- - 150 - $00 
Copper - - z0o - 850 
Mable - - 225 - bac 
Silver - - 150 - 250 
Tron + - 300 - 950 


But when the Brafs planes were made to adhere by 
other forts of matter, the refults were as in the follow. 


ing table: 
With Water - - - 320% 
Oil - - - 18 
Venice Turpentine - 24 
Tallow Candle - - 800 
Rofin - + - 850 
Pitch - - 


- 1400 

In eftimating the Ab/oluse Cobefion of folid pieces of 

bodies, he applied weights to feparate them according 

to their length : his pieces of wood were long fquare 
arallelopipedons, each fide of which was 26 of an 

inch, and they were drawn afunder by the following 


weights : 
Fir - - - 600 Ib 
Elm - - - 5° 
Alder - << oie ea 
Linden tree - - 1900 
Oak - - =. 1150 
Beech - - - 1250 
Ath . - = 1250 


He tried alfo wires of metal, 1-10th of a-Rhinland 


inch in diameter: the metals and weights were as 
follow : 


Of Lead - . 294 Ib 
Tin - - 405° 
Copper 5 - 299% 
Yellow Brafs - - 360 
Silver - - 370 
Tron - - 450 
Gold - - 


500 

He then tried the Relative Cobefion, or the force 
with which bodies refit an a€tion applied to them in 
a direétion perpendicular to their length. For this 
purpofe he fixed pieces of wood by one end into a 
fquare hole in a metal plate, and hung weights towards 
the other end, till they broke at the hole: the weights 
and diftances from the hole are.exhibited in the fotlow- 
ing tabie: 


Diftance Weight 
Pine + =f ine, - 36} 02, 
Fir - 9 - 4° 
Beech - 7 - 56% 
Elm - 9 : 44 
Oak - 82 - 48 
Alder - 94 - 48 


+ 

See his Elem: Nat. Philof. cap, 19. 
COLD, the privation of heat, or the oppoiite to it. 
As it is fuppofed that heat confits in a particular 

motion of the parts of the hot body, hence the nature 

ef cold, which is its oppofite, is deduced; for it is 
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hence it would feem to follow, that thofe bodies are 
cold, which check and reftrain the motion of the par- 
ticles in which heat confifts. 

In general, cold contraéts moft bodies, and heat ex- 
pands them : though there are fome inftances to the Cor- 
trary, efpeciafly in the extreme cafes or ftatcs of thefe 
qualities of bodies. Thus, though iron, in common with 
other bodies, expand with heat, yet, when melted, it is 
always found to expand in cooling again. So allo, 
though water always is Found to expand gradually 
as it ts heated, artd to contrat as it cools, yet in the 
att of freezing, it faddenly expands again, and that 
with 2 moft enormous force, capable of rending rocks, 
or buriting the very thick fhells of metal &c. A com~ 
putation of the force of freezing water has been made 
by the Florentine Academicians, from the burfting of 
a very ftrong brafs globe or fhell, by freezing water 
in it; when, from the known thickne(s and tenacity of 
the metal, it was found that the expanfive ‘power of a 
{pherule of water only one inch in diameter, was fufi- 
cient to overcome. a refiftance of more than 27,000 
pounds, or 13 tons and a half. See alfo experiments 
on burfting thick iron bomb-fhells by freezing water 
in them, by Major Edward Williams of the Royal Ar- 
tillery, in the Edinb. Philof. Tranf. vol. 2. 

Sucha prodigious power of expanfion, almoft double 
that of the ee powerful fteam engines, and exerted 
in fo {mall a mafs, feemingly by the force of cold, was 


* thought a very powerful argument in favour of thofe 


who fuppofed that cold, like heat, is a pofitive lub- 
ftance. Dr, Black’s difcovery of latent heat, however, 
has now afforded a very eafy and natural explication 
of this phenomenon. He has fhewn, that, in the ad 
of congelation, water is not cooled more than it was 
before, but rather grows warmer : that as much heat 
is difcharged, and paffes from a latent to a fenfible 
fiate, as, had it been applied to water in its fluid ftate, 
would have heated it to 135° In this procefs, the 
expanfion is occafioned by a great number of minute 
bubbles fuddenlyiproduced. Formerly thefe were fup- 
pofed to be cold in the abftraét; and to be fo fubrle, 
that, infinuating themfelves into the fubftances of the 
fluid, they augmented its bulk, at the fame time that, 
by impeding the motion of its particles upon each 
other, they changed it from a Auid toa felid, But 
Dr. Black fhews that thefe are only air extricated dur- 
ing the congelation ; and to the extrication of this air 
he afcribes the prodigious expanfive force exerted by 
freezing water. ‘The only quettion therefore now re~ 
maining, is, By what means this air comes to be extri- 
cated, and to take up more room than it naturally does 
inthe Auid. To this it may be anfwered, that per- 
baps part of the heat which is difcharged from the 
freezing water, combines with the air in its unelaftic 
ftate, and, by reftoring its elafticity, gives it that ex- 
traordinary torce, as is feen alfo in the cafe of air fad- 
denly extricated in the explofion of gun-powder. 

Cold alfo ufually tends to make bodies eledtric, 
which are not fo naturally, and to increafe the electric 
properties of fuch as are fo. And it is farther found 
that all fubftances do not tranfmit cold equally well; 
but that the beit conductors of cleftricity, viz, metals, 
are likewife the beft conduétors of cold. It may far- 
thas ke- added shat: cohen cald hac heen eacried 46. 
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fuch an extremity as to render any body an eleétric, it 
then ceafes to conduct the cold fo well as before. "This 
is exemplified in the praétice of the Laplanders and Si- 
berians; where, to exclude the extreme cold of the 
winters from their habitations the more effeftually, and 
yet to admit a little light, they cut pieces of ice, which 
in the winter time muit always be eleétric in thofe 
countries, and put them into their windows; which 
they find to be much more effectual in keeping out the 
cold, than any other fubjtance. 

Cold is the deftroyer of all vegetable life, when in- 
creafed to an exceffive degree. 1t is found that many 
garden plants and flowers, whieh feem to be very Rout 
and hardy, go off ata little increafe of cold beyond the 
ordinary ftandard. And in fevere winters, nature has 
provided the beft natural defence for the corn fields and 
gardens, namely, a cevering of faow, which preferves 
fuch parts green and healthy as are under it, while fuch 
asare uncovered by it are either killed or greatly injured, 

Dr. Clarke is of opinion, that cold is owing to cer- 
tain nitrous, and other faline particles, endued with par- 
ticular figures proper to produce fuch effeéts. Hence, 
fal-ammoniac, faltpetre, or falt of urine, and many other 
volatile and alkalizate falts, mixed with water, very 

_dnuch increafe its degree of cold. In the Philof. 
‘Tranf.number 274, M.Geoffroy relates fome remarkable 
experiments with regard to the produétion of cold. 
Four ounces of fal-ammoniac diflolved in a pint of wa- 
ter, made his thermometer defcend 2 inches and 3 in 
lefs than 15 minutes. An ounce of the fame fale put 
into 4 or § ounces of diftilled water, made the thermo- 
meter defcend 2 inches and 3. Half an ounce of 
faleammoniac mixed with 3 ounces of {pirit of nitre, 
made the thermometer defcend 2 inches and +4,; but, 
on uling {pirit of vitriol inftcad of nitre, it fank 2 inches 
and }. In this lait experiment it was remarked, that the 
vapours raifed from the mixture had a confiderable de- 
gree of heat, though the liquid itfelf was fo extremely 
cold. Four ounces of faltpetre mixed with a pint of 
water, fank the thermometer an inch and 4; buta like 
guantity of fea falt funk it only { ofan inch. Acids 
always produced heat, even common falt with its own 

-fpirit. “Volatile alkaline falts produced cold in propor- 
tion to their purity, but fixed alkalies heat. 

But the greateft degree of cold produced by the 
mixture of falts and aqueous fluids, was that thewn by 
Homberg ; who gives the following receipt for making 
the experiment: ‘Lake a pound of corrofive fublimate, 
and as much fal-ammoniac ; powder them feparately, 
and mix the powders well; put the mixture into a vial, 
pouring upon ita pint and a half of dittilled vinegar, 
fhaking all well together. This compofition fous fo 
cold, that it can fearce be held in the hand in fummer 5 
and it happened, as M. Homberg was making the ex- 
periment, that the matter froze. ‘The fame thing once 
happened to M. Geoffroy, in making an experiment 
with fal-ammoniac and water, but it never was in his 

ower to make it fucceed a fecond time. 

Jf, inftead of making thefe experiments with fluid wa- 
ter, it be taken in its congealed ftate of ice, or rather 
fnow, degrees of cold will be produced greatly faperior 
to any that have yet been mentioned. A mixture of 
fnow and common falt finks a Fahrepheit’s thermmeter 
too; por ahhes and pounded ice funk it 8 degrees far- 
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ther; two affufions of fpirit of falt on pouhded ice, 
funk it 144 below’o; and by repeated affufions of fpi- 
rit of nitre M. Fahrenheit funk it to 40° below o. ‘This 
is the ultimate degree of cald which the mercurial ther- 
mometer will meafure ; for the mercury itfelf begins 
thea to congeal ; and therefore recourfe mutt afterwards 
be had to fpirit of wine, naptha, or fome other fluid 
that will not congeal. The greaielt degree of cold 
hitherto produced by artificial means, has been 80° be- 
low o; which was done at Hudfon’s Bay by means of 
fnow and vitriolic acid, the thermometer ftanding ns- 
turally at zo° below o. Indeed greater degrees of 
cold than this have been fuppofed: Mr. Martin, in his 
‘Treatife on Heat, relates, that at Kirenga in Siberia, 
the mercurial thermometer funk to 148° below 0; and 
profeffor Brown at Peterfburg, when he made the firft 
experiment of congealing quickfilver, fixed the point 
of congelation at 350° below o; but from later expe- 
riments it has been more accurately determined, that 
40° below o is the freezing point of quickfilver. 

‘The moft remarkable experiment however was made 
by Mr. Walker of Oxford, with fpirit of nitre poured 
on Glauber’s falt, the effe&t of which was found to be 
fimilar to that of the fame {pirit poured on ice or fnow ; 
and the addition of fal-ammoniac rendered ‘the cold 
ftill more intenfe. The proportions of thefe ingredients 
recommended by Mr. Walker, are concentrated nitrous 


-acid two parts by weight, water one part ; of this mix- 


ture, cooled to the temperature of the atmofphere, 18 
ounces ; of Glauber’s falt, a pound and a half avoirdu- 
pois ; and of fal-ammoniac, 12 ounces. Onadding the 
Glauber’s falt to the nitrousacid, the thermometer felt 
52°, viz, from 50 to~—2 ; and on the addition of the fal- 
ammoniac, it fell to—9>, Thus Mr. Walker was able 
to freeze quickfilver without either ice or fnow, when the 
thermometer ftood at 45°; viz,by putting theingredients 
in 4 different pans, and inclofing thefe within each other. 

Exceffive degrees of cold occur naturally in many 
parts of the globe in the winter feafon, 

Although the thermometer in this country hardly 
ever defcends fo low as o, yet in the winter of 1780, 
Mr, Wilfon of Glafgow obferved, that a thermometer 
laid on the fnow funk to 25° below o; and Mr. Der- 
ham, in the year 1708, obferved in England, that the 
mercary ftood within one-tenth of an inch of its ltation 
when plunged into a mixture of fnow and falt. At 
Peterfburg, in 1732, the thermometer flood at 28° 
below 0; and when the French academicians wintered 
near the polar circle, the thermometer funk ro 330 be- 
low o; and in the Afiatic and American continents, 
fill greater degrees of cold are often obferved. 

The efte&ts of thefe extreme degrees of cold are very 
farprifing. ‘l'rees are burtt, rocks rent, and rivers and 
Takes frozen feveral feet deep : metallic fubitances blitter 
the fkin like red-hot iron: the air, when drawn in by 
breathing, hurts the lungs, and excites a cough: even 
the effeéts of fire in a great meafure feem to ceafe; and 
it is obferved, that though metals are kept for a con- 
fiderable time before a flrong fire, they will fill freeze 
water when thrown upon them. When the French 
mathematicians wintered at Tornea in Lapland, the ex- 
ternal air, when fuddenly admitted into their rooms, 
converted the moiflure of the air into whirls of fnow ; 
their _breaits feemed to be rent whea they breathed 
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ix, and the contact of it was intolerable to their bodies 5 
and the {pirit of wine, which had not been highly rec- 
tied, burit fome of their thermometers by the conge- 
lation of the aqueous part. 

Extreme cold too often proves fatal to animals in 
thofe countries where the winters are very fevere ; thus 
gooo Swedes perifhed at once in attempting to pafg the 
mountains which divide Norway from Sweden. But it 
is not neceflary that the cold, in order to prove fatal to 
human life, fhould be fo very intenfe as has juit been 
mentioned ; it is only requifite to be a little below 32° 
of Fahrenheit, or the freezing point, accompanied 
swith fnow or hail, from which. thelter cannot be ob- 
tained. The fnow which falls upon the clothes, or 
the uncovered parts of the body, then melts, and bya 
continual evaporation carries off the animal heat to 
fuch a degree, that a fuficient quantity is not left for 
the Capport of life. In fuch cafes, the perfon frtt feels 
himfelf extremely chil! and uneafy; he turns liftiefs, un- 
willing to walk or ufe exercife to keep himfelf warm, 
and at laft turns drowfy, fits down to refrehh himfelf 
with fleep, but wakes no mere. 

COLLIMATION, Line of; in a telefcope, is a line 
pafling through the interfection of thofe wires that are 
fixed in the focus of the object-glafs, and the centre of 
the fame glafs. : 

COLLINS (Joun), an eminent accountant and ma- 
thematician, was born at Wood Eaton near Oxford, 
March 5, 1624. At 16 years of age he was put ap- 
prentice to a bookfeller at Oxford ; but his genius ap- 
peared fo remarkable for the ftudy of the mechanical 
and mathematical {ciences, that he was taken under the 
tuition of Mr. Marr, who drew feveral curious dials, 
which were placed in different pofitions in the king’s 
gardens ; under whom Mr. Collins made no Small pro- 
grefs in the mathematics. In the courfe of the civil 
wars he travelled abroad, to profecute his favourite 
fiudy 3, and on his return he took upon him the profef- 
fion of an accountant, and publifhed, in the year 1652, 
a large work entitled, Aa Introdu&ion to Merchants Ac- 
compts; which was followed by feveral other publications 
on different branches of accounts. In 1658, he publith- 
ed atreatife called The Seétor on a Quadrant ; containing 
the defcription and ufe of four feveral quadrants, each 
accommodated to the making of fun-dials, &¢; to which 
he afterward added an appendix concerning reflected 
dialling, from a glafs placed reclining.—In 1659, he 
publithed his Geometrical Dialling 3 and the fame year 
alto his Mariner's Plain Scale new plained.—Collins now 
became a fellow of the Royal Society in London, to 
which he made various communications ; particularly 
fone ingenious chronological rules for the calendar, 
printed in the Philof. Tranf number 46, for April 
1669: alfo a curious differtation concerning the refola- 
tion of equations in numbers, in number 69, for March 
1671: an clegant conftruction of the curions problem, 
having given the mutual diftances of three objedts in a 
plane, with the angles made by them at a fourth place 
in that plane, to find the diftance of this place from each 
of the three former, vol. 6, pa. 2093: and thoughts 
about fome defeéts in algebra, vol. 14. pa. 375- 

Collins wrote alfo feveralcommercia! tras, highly ac- 
ceptable to the public; viz, A Plea for bringing over 
Yo mectle and keenine out the ith caurht by foreign- 
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ers :—For the pomee of the Englith fifhery :—For 
the working the Tin-mines :—A difcourfe of Salt and 
Fifhery. He was frequently confulted in nice and cri- 
tical cafes of accounts, of commerce, and engineering. 
On one of thefe occafions, being appointed to infpect 
the ground for cutting a canal or river between the Ifis 
and the Avon, he contracted a diforder by drinking 
cyder, when he was too warm, which ended in his death 
the 10th of November 1683, at 59 years of age. 

Mr. Collins was a very ufefal man to the iciences, 
keeping up a conftant correfpondence with the molt 
learned men, both at home and abroad, and promoting 
the publication of many valuable works, which, but for 
him, would never have been feen by the public 5 parti- 
cularly Dr. Barrow’s optical and geometrical lectures , 
his abridgment of the works of Archimedes, Apollonius, 
and ‘Theodofius; Branker’s tranflation of. Rbronius’s 
algebra, with Dr. Pell’s additions, &c3 which were 
procured by his frequent folicitations. 

It was a confiderable time after, that his papers were 
all delivered into the hands of the learned and ingenious 
Mr. William Jones, F.R.S. among which were found 
manufcripts, upon mathematical jubjects, of Briggs, 
Oughtred, Barrow, Newton, Pell, and many others. 
From a variety of letters from thefe, and many other 
celebrated mathematicians, it appears that Collins 
{pared neither pains nor colt to procure what tended to 
promote real {cience: and even many of the late difco- 
veries in phyfical knowledge owe their improvement to 
him; for while he exeited fome to make known every 
new and ufeful invention, he employed others to im- 
prove them, Sometimes he was peculiarly ufeful, by 
fhewiog where the defect was in any ufefol branch of 
fcience, pointing out the difficulties attending the enqui- 
ry, and at other times fettiag forth the advantages, and 
Keeping up a fpirit and warm defire for improvement. 
Mr. Collins was.alfo as it were the regifter of all the new 
improvements made in the rsathematical fciences; the 
magazine to which the curious had frequent recourte : 
in fo much that he acquired the appellation of the Englith 
Merfennus. If fome of his correfpondents had net 
obliged him to conceal their communications, there coud 
have been no difpute about the priority of the invention 
ofa method of analyfis, the honour of which evidently 
belongs to Newton ; as appears undeniably, from the 
papers printed in the Commercium Epiftolicum D. Foan- 
nis Collins © aliorum de Analyfi promota ; juffe Societatis 
Regie in lucem editum, U7123 @ work that was made out 
from the letters in the poffefion of our author. 

COLLINS’s Quadrant. See QuapRanr. 

COLLISION, is the fri€tion, percuffion, or flriking 
of bodies againft one another. 

Striking bodies are confidered either as claftic, or 
non-elaftic, ‘They may alfo be either both in motion, 
or one of them in motion, and the other at ref. 

When non-elaftic bodies ftrike, they.>* ~ her 
as one mafs; which, after collifion, en _—nmis at 
reft, or moves forward as one body. But when elaitic 
bodies itrike, they always feparate after the ftroke. 

‘The principal theorems relating to the collifion of 
bodies, are the following : 

1. If any body impinge or act obliquely on a plane 
furface ; the force or energy of the ftroke, or attion, 
is as the fine of the angle of incidence- Or the force 
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apon the furface, is to the fame when afting perpendi- 
cularly, as the fine of incidence is to radius. 

2. If one body at on another, in any direction, and 
by any kind of force; the ation of that force on the 
feeond body is made only in a direction perpendicular 
to the furface on which it acts. . 

3. If the plane, aéted on, be not abfolutely fixed, it 
will move, after the ftroke, in the dire€tion perpendi- 
cular to its furface. : 7 

4. If a body A ftrike another body B, which is either 
at reft, or elfe in motion, either towards A or from it; 
then the momenta, or quantities of motion, of the two 
bodies, eftimated in any one direétion, will be the very 
fame after the ftroke that they were before it. 

$ oe a -§ 

Thus, firft, if A with a momentum of ro, ftrike B at 
reft, and communicate to it a momentum of 4, in the 
diretion AB. ‘Then there will remain in A only a 
momentum of 6 in that dire€tion: which together with 
the momentum of B, viz 4, makes up ftill the famée 
momentum between them as before.—But if B were 
in motion before the ftroke, with a momentum of 5, 

“in the fame direétion, and receive from A an additional 
momentum of 2: then the motion of A after the ftroke 
will be 8, and that of B, 7; which between them make 
up ts, the-fame as 10 and §, the motions before the 
ftroke,—-Laftly, if the bodies move in oppofite direc- 
tions, and meet one another, namely A with a motion 
of 10, and B, of 5; and A communicate to B a motion 
of 6 in the direétion AB of its motion: then, before 
the flroke, the whole motion from both, is the-direc- 
tion AB, is 1o— 5, or ¢: but after the ftroke the mo- 
tion of A is 4 in the direction AB, and the motion of 





B is 6—5, or 4 in the fame dire@ion AB; therefore | 


the fum 4-1, or 5, is {till the fame motion from both 
a it was before. 

5. Ifa hard and fixed plane be ftruck either by a foft 
or a hard unelaftic body; the body will adhere to it. 
But if the plane be ftruck by a perfectly elaftic body, 
it will rebound from ic with the fame velocity with 
which it ftruck the plane. 

6. The effe&t of the blow of the elaftic body, upon the 
plane, is double to that of the non-elattic one ; the velo- 
city and ma(s being the fame in both. : 

7. Hence, non-elaitic bodies lofe, by their collifon, 
only half the motion that is loft by elaftic bodies; the 
maffes and velocities being equal. 
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8. If an elaftic body A impinge w A a firm plane 
DE at the point B, it will rebound frm it in an angle 
equal to that in which it ftruck it; or the angle of inci- 
dence will be cqual tothe angle of reflection : namely, 
the angle ABD = CBE. 


ay, Seen 
g -. & 


g. If the non-elaftic body B, moving with the velo- 
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tion being inthe line BC; then they will move after the 
ftroke with a common velocity, which will be more or 
lefs according as, before the ftroke, 8 moved towards B, 
or from B, or was at reft; and that common velocity, in 
each of thefe cafes, will be as follows: viz, it will be 
BV + du 
B+é 
BV — dy 
B4é 
BV 


B46 

For example, if the bodies or weights, B and 4, he 
sib and 3!b; and their velocities V and v, 60 feer and 
40 feet per fecond; then 300 and 120 will be their 
momenta BV and év, and 18 = B + 4 the fum of the 
weights. Confequently the common velocity after the 
ftroke, in the three cafes above mentioned, will be 
thus, viz, 
300 + 120 420 


‘eee el 234 in the firlt cafe, 


when 4 moved from B, 


when 4 moved towards B, 


when 6 was at reff. 








300 — 120_ 189 oy jo in the fecond cafe, 
18 18 
300 : ‘ 
Tg 67)~Ot~«(Or 163 in the third cafe. 


10, If two perfeétly elaftic bodies impinge on each 
other ; their relative velocity is the fame both before and 
after the impulfe; that is, they will recede from each 
other with the fame velocity with which they approach- 
ed and met, 

It is not meant however by this theorem, that each 
body will have the very fame velocity after the impulfe 
as it had before; but that the velocity of the one, after 
the ftroke, will be as much increafed, as that of the 
other is decreafed, in one and the fame direftion. So, 
if the elaftic body B move with the velocity V, and 
overtake the elaftic body 4, moving the fame way, with 
the velocity wv; then their relative velocity, or that 
with which they ftrike, isonly V— au; and it is with this 
fame velocity that they feparate from each other after 
the ftroke: but if they meet each other, or the body 
& move contrary to the body B; then they meet and 
ftrike with the velocity V + ~, and it is with the fame 
velocity that they feparate again, and recede from each 
ether after the ftroke : in like manner, they would fe- 
parate with the velocity V of B, if 4 were at reft before 
the ftroke. Aifo the fam of the velocities of the one body, 
is equal to the fam of the others. But whether they move 
forwards or backwards after the impulfe, and with what 
particular velocities, are circumftances that depend onthe 
various maffes and velocities of the bodies before the 
ftroke, and are as fpecified in the next theorem. 

11. If the two elaftic bodies B and 6 move directly 
towards each other, or direétiy from each other, the 
former with the velocity V, and the latter with the ve- 
locity wv, then, after their meeting and impulfe, the 
refpective velocities of B and 4 in the direftion BC, in 
the three cafes of amotion, will be as follow : viz, 

2bu + B—3.V 
B+oé 

2BV ~—B—b.% 
B+é 





the velocity of B, 


the velocity of 4, 
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aw2by $5 —b.V 
b+ 


2BV + B62 the velocity of 4, 
B+ 
when B moved towards C, and 4 towards B before the 
ftroke 5 
Bb 


Bye * 
2B 


B+ 46 
when 6 was at reft before the ftroke. 
12. The motions of bodies after impact, 


cach other obliquely, are thus determined. 








the velocity of B, 


V the velocity of BS 


X V the velocity of 4, 


that ftrike 
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Let the two bodies B, 6, move in the oblique direc- 
tions BA, A, and ftrike each other at A with veloci- 
ties which are in proportion to the lines BA, 6A. Let 
CAH reprefent the plane in which the bodies touch 
in the point ef concourfe; to which draw the perpen- 
diculars BC, 4D, and complete the retangles CE, DF. 
Now the motion in BA is refolved into the two BC, 
CA; and the motion in 6A is refolved into the two 
4D, DA; of which the antecedents BC, 4D are the 
velocities with which they dire&tly meet, and the con- 
fequents CA, DA are parallel, and therefore by thefe 
the bodies do not impinge on each other, and con- 
fequently the motions according to thefe directions will 
not be changed by the impulfe; fo that the velocities 
with which the bodies meet, are as BC or EA, and 4D 
or FA, The motions therefore of the bodies B, 6, 
dire@tly ftriking each other with the celerities EA, FA, 
will be determined by art. 12 or Qs according as the 
bodies are elattic or non-elaftic ; which being done, let 
AG be the velocity, fo determined, of one of them, as 
A; and fince there remains alfo in the fame body a 
force of moving in the direétion parallel to BE, witha 
velocity as BE, make AH equal to BE, and complete 
the redtangle GH: then the two motions in AH and 
AG, or HI, are compounded into the diagonal AI, 
which therefore will be the path and celerity of the bedy 
B after the ftroke. And after the fame manner is the 
yootion of the other body 4 determined after the impact. 

33. The ftate of the common Centre of gravity of 
bodies is not affe@ed by the collifion or other aétions of 
thofe bodies on one another. ‘Thatis, if it were at sett 
before their collifion, fo will it be alfo at reft after colli- 
fion: and if ic were moving in any direétion, and with 
any velocity, befere collifion ; it will do the very fame 
after it. 

See more upon this fabje& under the article Per- 
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COLONNADE, 2 Periltyle of acircular figare 5 or 
a feries of columns difpefed in a circle, and infulated 
within- fide. 

COLOUR, a property inherent in light, by which, 
according to the various fizes of its parts, or from 
fome other caufe, it excites different vibrations in the 
optic nerve 5 which, propagated to the fenforium, af- 
feat the mind with different fenfations. See the doc- 
trine of colours fully explained under Coromatics. See 
alfo Optics, Achromatic, and Telefeopes ; 

COLUMBA Noachi, Noah’s Dove, a fmall conftel- 
lation in the fouthern hemifphere, conffting of 10 ars. 

COLUMN, in Architcéture, a round pillar, made 
to fapport or adorn a building. 

The column is the principal part of an architecto- 
nical order, and is compofed: of three parts, the ba/e, 
the foaft, and the capital ; each of which is fabdivided 
into a number of leffer parts, called members, or mould- 
ings. 

Cotas are different according to the different 
orders they are ufed in; and alfo according to their 
matter, conftruction, form, difpofition, and ufe. The 
proportion of the Icngth of each to its diameter, and 
the diminution of the diameter upwards, are diverfly 
ftated by different authors. The medium of them is 
nearly as follows: 

The Txfcan is the fimpleft and fhorteft of all: its 
height 34 diameters, or 7 modules; and it diminithes 
+ part of its diameter. 

"The Doric is more delicate, and adorned with fut- 
ings; its height 74 or 8 diameters. 

"The Jonic is more delicate fill, being 9 diameters 
long. It is diftinguiihed from the reft by the volutes, 
or curled ferolls in its capital, and by its bafe which is 
peculiar to it. 

The Corinthian is the richeft and moft delicate of ail 
the columns, being 10 diameters in length, and adorn- 
ed with two rows of leaves, and ftalks or ftems, from 
whence {pring out fmall volutes. 

The Compofite Column is alfo 10 diameters long, its 
capital adorned with rows of leaves like the Corinthian, 
and with angular volutes like the Tonic. 

COLURES, are two great circles imagined to inter- 
fegt at right angles in the poles of the world, and to 
pafs, the one through the equinodtial points Aries and 
Libra, and the other through the folftitial points 
Cancer and Capricorn ; from whence they are called 
the Equinottial and Solftitial Colures, By thus di- 
viding the ecliptic into four equal parts, they mark the 
four fea‘ons, or quarters of the year. 

It is difpated over what part of the back of Aries 
the equinottial colure paffed in the time of Hippar- 
chus. Newton, in his Chronology, takes it to have 
been over the middle of the conftellation. Father 
Souciet infifis that it paffed over the dodecatemorion 
of Aries, or midway between the rump and firft of the 
tail. ‘There are fome obfervations in the Philof, Tranf, 
number 466, concerning the pofition of this colure in 
the ancient {fphere, from a draught of the conftellation 
Aries, in the Aratea publithed at Leyden and Am- 
fterdam in 1652, which feem to confirm Newton's 
opinion; but the antiquity and authority of the origi- 
nal draught may #ifl remain in quettion. 

man rae aa Rovenices Hair. a modern con- 
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ftellation of the northern hemifphére ; compofed of un- 
formed ftars between the Lion’s tail and Bootes. 

Te is faid that this conftellaticn was formed by 
Conon, an aftronomer, to confole the queen of Pto- 
lemy Euergetes, for the lofs of a lock of her hair, 
which was ftolen out of the temple of Venus, where 
fhe had dedicated it on account of a vidtory obtained 
by her hufband. i 

The ftars in this conftellation are, in Tycho’s cata- 
logue 14, in Hevelius’s 21, and in the Britannic ca~ 
talogue 43. 

COMBINATIONS, denote the alternations or va- 
riations of any number of quantities, letters, founds, 
or the like, in all poflible ways, 

Father Merfenne gives the combinations of all the 
notes and founds in mafic, as far as 64; the fum of 
which amounts to a number exprefled by go places of 
figures. And the number of poffible combinations of 
the 24 letters of the alphabet, taken firlt two by two, 
then three by three, and fo on, according to Preftet’s 
calculation, amounts to 

1391724288887 25 2999425 128493492200. 

Father Truchet, in Mam. de 1’Acad. fsews, that two 
fquare pieces, each divided diagonally into two colours, 
may be arranged and combined 64 different ways, fo as 
to form fo many different kinds of chequer-work : a 
thing that may be of ufe to mafons, paviours, &c. 

Doéirine of COMBINABIONS. 

L. Having given any number of things, with the nam- 
ber in each combination ; to find the number of combinations, 
1. When only two are combined together. 

One thing admits of no combination. 

Two, a and 4, admit of one only, viz, ad. 

Three, a, 4, c, admit of three, viz, ad, ac, bc. 

Four admit of fix, viz, ab, ac, ad, be, bd, cds. 

Five admit of 10, viz, ab, ac, ad, ae, be, bd, be, ed, 

ce, de. 

Whence it appears that the numbers of combina- 
tions, of two and two only, proceed according to 
the triangular numbers 3, 3, 6, 10, 15, 21, &c, whieh 
are produced by the continual addition of the ordinal 
ferieso, 1, 2, 3, 4, §, &c. And if 2 be the number 
of things, then the general formula for exprefling the 





fum of all their combinations by twos, will be —— 
Thus, if n = 2; this becomes — =k. 
ce 
Ifa oe 33 itis“ - - = 3. 
HNa=qsitet 3 2 2 26.8, 


2. When three are combined together; then 

Three things a:tmit of one order, adc. 

Four admit of 45 viz, abc, abd, acd, bed. 

Five admit of 10; viz, abc, abd, abe, acd, ace, ade, 
bed, bce, bde, cde, And fo on according to the firft py- 
ramidal numbers 1, 4, 10, 20, &c, which are formed 
by the continual addition of the former, or triangular 
numbers 1, 3, 6, 10, &c. And the general formula 
for any number 2 of combinations, taken by threes, 
beat Homme 
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F Pare ce ed 
So, ifm = 35 itis 20S =1 
Was q; itis 3-? 4, 
n= 55 itis 3-4-3 = 6, ee, 


Proceeding thus, it is found that a general formula 
for any number x of things, combined by m at each 
MN. tm Line 2. nz &e 
. 2. 3. 4. &e 

fa€tors, or terms, or till the laft faGtor in the deno- 
minator be m. ‘ 

So, in 6 things, combined by 4’s, the number of 
combinations we 52473 1g. 

1.2.54 

3. By adding all thefe feries together, their fum 
will be the whole number of poffible combinations of x 
things combined both by twos, by threes, by fours, 
&c. And as the faid feries are evidently the coefi- 
cients of the power « of a binomial, wanting only the 
firft two + and 2; therefore the faid fum, or whole 
number of all fuch combinations, will be 


rp ift—2—1,0r2% er. Thus if the num- 
ber of things be 5; then 25 — 5 — 1 = 32 —6= 28. 


time, is s == , continued to am 








II. Fo find the number of Changes and Alterations 
which any number of quantities can undergo, when com- 
bined in all poffible varieties of ways, with themfelucs and 
each other, both as to the things themfelves, and the Order 
or Pofition of them. 


One thing admits but of one order or pofition. 

Two things may be varied four ways; thus, aa, ab, 

Three quantities, taken by twos, may be varied nine 
ways; thus aa, ab, ac, ba, ca, bb, bc, cb, ces 

Tn like manner four things, taken by twos, may be 
varied 4* or 16 ways; and § things, by twos, 5* or 
25 ways; and, in general, » things, taken by twos, 
may be changed or varied x* different ways. 

For the fame reafon, when taken by threes, the 
changes will be 2*; and when taken by fours, they 
will be z+; and fo generally, when taken by n’s, the 
changes will be 2", 

Hence, then, adding all thefe together, the whole 
number of changes, or combinations in ~ things, taken 
both by 2’s, by 3’s, by 4’s, &c, to a’s, will be the 
{um of the geometrical feries 2 + 1? -f n3 + ntene-n", 

nramI 





which fum is = Xn. 


a —I 
For example, if the number of things » be 4; this 
$—ft 255 
44> 233 x 4 = 340. 





facet 
gives ——— 


And ifm be 24, the number of letters in the alpha~ 
bet; the theorem gives: : ; 
2474— 1 arvana | ee ee 
——— KX 24S 2g 1 XS 
24 —il 23 * 
1391724288887252999425 128493402200. In fo ma 
ny different ways, therefore, may the 24 letters of 
the alphabet be varied or combined among themfelves, 
or fo many different words may be made out of them. 
COMBUST, or Comuustion, is faid of a planet 
when 
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when it is in conjunétion with the fun, or not diftant 
from it above half their difc. 

But according to Argols a planet is Combuft, or 
in Combaiftion, when it is within eight degrees and a 
halfiofthe fun. = 

COMET, a-heavenly bedy in the planetary region, 
appearing fuddenfy, and gain difappearing ; and dur- 
ing the time of its appearance moving in a proper, 
though very eccentric orbit, tike a planet. . 

Comets are vulgarly called Blazing Stars, and have 
this to diftinguifh them from other ftars, that they are 
ufually attended with a long train of light, tending al- 
ways oppofite to the fun, and being of a fainter luitre 
the farther it is from the body of the comet. And 
hence arifes-a popular divifion of comets, into three 
kinds; viz, bearded, tailed, and bairy comets; though 
in reality, this divifion rather relates to the feveral 
cireumftances of the fame comet, than to the pheno- 
mena of feveral. Thus, when the comet is eaftward 
of the fun, and moves from him, it is faid to be dearded, 
becaufe the light precedes it in the manner of a beard: 
When the comet is weitward of the fun, and fets after 
him, it is faid to be sai/ed, becaufe the train of light 
follows it in the manner of a tail: And laftly, when 
the fun and comet are diametrically oppofite, the earth 
being between them @the train is hid behind the body 
of the comet, excepting the extremities, which, being 
broader than the body of the comet, appear as it were 
around it, like a border of hair, or coma, from which 
it is called airy, and a comet, 

But there have been comets whofe dife was as clear, 
round, and well defined, as that of Jupiter, without 
either tail, beard or coma. : 

Of the Nature of Comcets.—Philofophers and Aftrono- 
mers, of all ages, have been much divided in their opi- 
nions as to the nature of comets, ‘Their ftrange ap- 
pearance has in all'ages been matter of terror to the 
vulgar, who have uniformly confidered them as evil 
omens, and forerunners of war, peftilence, &c. Dio- 
doras Siculus and Appollinus Myndius, in Seneca, in- 
form us, that many of the Chaldeans held them to be 
lafting bodies, having ftated revolutions as well as the 
planets, but in orbits vaftly more extenfive; on which 
account they are only vifible while near the earth, but 
difappear again when they go into the higher regions. 
Others of them were of opinion, that the comets were 
only meteors raifed very high in the air, which blaze 
fora while, and difappear when the matter of which 
shey confift is confumed or difperfed. 

Some of the Greeks, before Ariftotle, fuppofed 
that a comet was a vaft heap or-affemblage of very 
{mall ftars meeting together, by reafon of the inequa- 
lity of their motions, and fo uniting into a vifible mafs, 
by the union of all their fmall fights; which muit 
again difappear, as thofe ftars feparated, and each pro- 
ceeded in its courfe. Pythagoras, however, accounted 
them a kind of planets or wandering itars, difappear- 
ing in the fuperior parts of their orbits, and becoming 
vifible only in the lower parts of them. 

But Aniftotle held, that comets were only a kind 
of tranfient fires, or meteors, confifting of exhalations 
saifed to the upper region of the air, and there fet on 
fire; far below the courfe of the moon. 
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Seneca, who lived in the frit century, and who had 
feen two or three comets himfelf, plainly intimates 
that he thought them above the moon; and argues 
flrongly againtt thofe who fuppofed them to be meirors, 
or who held other abfurd. opinions concerning them; 
declaring his belief that they were not fires fuddenly 
kindled, but the eternal produétions of narure. Ec 
points out alfo the only way to come ata certainty on 
this fubjeét, viz, by collecting a number of ohlerva- 
tions concerning their appearance, in order to difcover 
whether they return periodically or not. ‘For this 
purpofe,” fays he, ‘‘ one age is not fufficient ; but the 
time will come when the nature of comets and their 
magnitudes will be demonftrated, and the rautes they 
take, fo different from the planets, explain:d. Pof- 
terity will then wonder, that the preceding ages fhould 
be ignorant of matters fo plain and eafy to be known,” 

For a long time this prediction of Seneca feemed noi 
likely to be fulélied; and T'ycho Brahé was the firt 
among the moderns, who reftored the comets to their 
true rank in the creation; for efter diligently obferv~ 





‘ing the comet of 1577, and finding that it had no fen- 


fible diurnal parallax, he afligned it its true place in 
the planetary regions. See his book De Cometa, 
anni 1577. 

Before this, however, there were various opinions 
concerning them. In the dark and fuperftitious ages, 
comets were held to be forerunners of every kind of 
calamity, and it was fuppofed they had different de- 
grees of malignity, according to the fhape they af- 
fumed ; from whence alfo they were differently deno- 
minated. Thus, it was faid that fome were bearded, 
fome hairy; that fome reprefented a beam, {word, or 
{pear ; others a target, &c; whereas modern aftrono- 
mers acknowledge only one fpecies of comets, and ac- 
count for their different appearances from their different 
fituations with refpett to the fun and earth, 

Kepler, in other refpects a very great genius, in- 
dulged the. moft extravagant conjeftures, not only con- 
cerning comets, but the whole fyftem of nature in ge- 
neral. ‘The planets he imagined were huge animals 
f{wimming round the fun; and the comets monftrous 
and uncemmon animals generated in the celeftial 
{paces. 

A ftill more ridicalous opinion, if poffible, was that 
of John Bodin, a learned Frenchman in the 16th cen- 
tury ; who maintained that comets ‘are fpirits, which 
having lived on the earth innumerable ages, and being 
at laft arrived on the confines of death, celebrate their 
laft triumph, or are recalled to the firmament like 
fhining ftars! ‘This is followed by famine, plague, &c, 
becaufe the cities and people deftroy the governors and 
chiefs who appeafe the wrath of God.” —Others again 
have denied even the exiftence of comets, and main- 
tained that they were only falfe appearances, occafioned 
by the refraétion or reflection of light. 

Hevelius, from a great number of obfervations, pro- 
pofed it as his opinion, that the comets, like the folar 
maculz or fpots, are formed or condenfed out of the 
grofler exhalations of his body ; in which he ditfers bur 
little from the opinion of Kepler. 

James Bernoulli, in- his Syftema Cometarum, ima- 
gined that comets were no other than the fatellites of 
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fome very diftant planet, which was itfelf invifible to 
us on account of its diftance, as were alfo the fatellites 
unlefs when in a certain part of their orbits. 

Des Cartes advances another opinion: He conjec- 
tures that comets are only ftars, formerly fixed, like 


the reit, in the heavens; but which beceming gradu- - 


ally covered with macula or fpots, andatlength whol- 
ly deprived of their light, cannot keep their places, 
bat are carried of by the vortices of the circumjacent 
flars ; and in proportion to their magaitnde and foli- 
dity, moved in fach a manner, as to be brought nearer 
the orb of Saturn; and thus coming within reach of 
the fun’s light, rendered vifible. 

But the vanity -of all thefe hypothefes now abun- 
dantly appears from the obferved phenomena of comets, 
and from the doétrine of Newton, which is as follows: 

The-comets, he fays, are compat, folid, fixed, and 
durable bodies; in fact a kind of planets, which move 
in very oblique and eccentric orbits, every way with the 
greateft freedom; perfevering in their motions, even 
againft the courfe and direction of the planets: and 
their tail is a very thin and flender vapour, emitted by 
the head or nucleus of the comet, ignited or heated by 
the fun. This theory of the comets at once folves their 
principal phenomena, which are as below. 

The Principal Phenomena-of the Comets. 

1. Firft then, thofe comets which move according 
to the order of the figns, do all, a little before they 
difappear, either advance flower than ufual, or elfe go 
retrograde, if the earth be between them and the fun ; 
but more fwiftly, if the earth be placed in a contrary 
part. On the other hand, thofe which proceed con- 
trary to the order of the figns, move more fwiftly than 
ufual, if the earth be between them and the fen; and 
more flowly, or elf retrograde, when the earth is in 
a contrary part.—-For fince this courfe is not among 
the fixed flars, but among the planets; as the motion 
of the earth either conf{pires with them, or goes againit 
them ; their appearance, with refpeét to the earth, 
maft be changed; and, like the planets, they muft 
fometimes appear to move {wifter, fometimes flower, 
and fometimes retrograde. 

2. So long as their velocity is increafed, they nearly 
move in great circles; but towards the end of their 
courfe, they deviate from thofe circles; and when the 
earth proceeds one way, they go the contrary way. 
Becaufe, in the end of their courfe, when they recede 
almoft direétly from the fun, that part of the apparent 
motion which arifes from the parallax, muft bear a 
greater proportion to the whole apparent motion. 

3. The comets move in ellipfes, having one of their 
fosi in the centre of the fun; and by radii drawn to 
the fun, defcribe areas proportional to the times. Be- 
caufe they do not wander precariovufly from-one figti- 
tious vortex to another; but, making a part of the 
folar fyftem, return perpetually, and run a conftant 
sound, Hence, their elliptic orbits being very long 
and eccentric, they become invifible when in that part 
which is moft remote from the fun. And from the 
curvity of the paths of comets, Newton conclades, that 
when they difappear, they are much beyond the orbit 
of Jupiter; and that in their perihelion they frequently 
deicend within the orbits of Mass and the inferior 
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4. The light of-their nuclei, or bodies, increafes as 
they recede from the earth towards the fun; and on 
the contrary, it decreafes as they recede from the fun. 
Becaufe, as they are in the regions of the planets, their 
accefs towards the fun bears a confiderable proportion 
to their whole diftarice. 2 

5. Their tails appear the largeft and brighteft, im- 
mediately after their tranfit through the region of the 
fun, or after their perihelion. Becaufe then, their 
heads being the moft heated, will emit the moft va- 
pours.—From the light of the nucleus we infer their 
vicinity tothe earth, and that they are by no means in, 
the region of the fixed ftars, as fome have imagined ; 
fince, in that cafe, their heads would be no more illu- 
minated by the fun, than the planets are by the fixed 
ftars. 

6, The tails always decline from a jut oppofition to 
the fun towards thofe parts which the nuclei or bodies 
pafs over, in their progrefs through their orbits. Be- 
caufe all fmoke, or vapour, emitted froma body in 
motion, tends upwards obliquely, fill receding from 
that part towards which the fmoking body proceeds. 

7. This declination, cateris paribus, is the fmallett 
when the nuclei approach neareft the fun: and it is 
alfo lefs near the nucleus, or head, than towards the 
extremity of the tail. Becaufe the vapour afcends 
more fwiftly near the head of the comet, than itr 
the higher extremity of its tail; and alfo when 
the comet is nearer the fun, than when it is farther 
off. 

8. The tails are fomewhat brighter, and more dif- 
tin@ly defined in their convex, than in their concave 
part. Becaufe the vapour in the convex part, which 
goes firft, being fomewhat nearer and denfer, refledls 
the light more copioufly. 

9-. The tails always appear broader at their upper ex- 
tremity, than near the centre of the comet, Becaufe the 
vapour in a free fpace continually rarefies and dilates, 

10. The tails are always tranfparent, and the fmall- 
eft ftars appear through them. Becaufe they confit of 
infinitely thin vapour. 

The Phafes ofComets.—The nuclei, which are alfo' 
called the heads, and bodies, of comets, viewed through 
a telefcope, fhew a face very different from thofe of 
the fixed flars or planets, ‘They are liable to apparent 
changes, which Newton afcribes to changes in the 
atmofphere of comets: and this opinion was confirm- 
ed by obfervations of the comet in 1744. Lift. Acad. 
Scienc. 1744. Sturmius fays that, obferving the comet 


of 1680 with a telefcope, it appeared like a coal dimly 


glowing, or arude mafs of matter ituminated with 
a dutky fumid light, lefs fenfible to the extremes than 
in the middle; whereas a ftar appears with a round 
dife, and a vivid light. 

Of the comet of 1661, Hevelius obferves, that its 
body was of a yellowith colour, very bright and con- 
fpicuous, but without any glittering light: in the 
middle was a denfe raddy nucleus, almoft equal to 
Jupiter, encompafied by a much fainter, thinner mat- 
ter. February sth, its head was fomewhat larger and 
brighter, and of a gald colour; but its light more 
dufky than the flars: and here the nucleus appeared 
divided into feveral parts. Feb. 6th, the difc was 
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lefs:than ‘before: one of them, on the lower part 
of the difc, on the left, much denfer and brighter than 
the refs its body round, and reprefenting a very lucid 
little ftar: the nuclei itill encompaffed with another 
kind of matter. feb. roth, the head fomewhat more 
obfcire, and the nuclei more confafed, but brighter 
at top than bottom. Feb. 13th, the head dimimfhed 
much both in fize and fplendor. March 2d, its round- 
nefs a little impaired, and its edges lacerated, &c. 
March 28th, very pale, and exceeding thin; its mat- 


ter much difperfed ; and no diftin& nucleus at all ap- 


pearing. 

Weigelius, who {aw the comet of 1664, as alfo the 
moon, and 2 fmall cloud in the horizon illuminated 
by the fun at the fame time, obferved, that through 
the'telefcope the moon appeared of a continued Jumi- 
nous furface : but the comet very different; being ex- 
a@ly like the little cloud. And from thefe obferva- 
tions it was that Hevelius formed his opinion, that 
comets are like maculz or fpots formed out of the folar 
exhalations. 

Of the Magnitude of Comets.—The eftimates that have 
been given of the magnitude of comets by Tycho 
Brahe, Hevelius, and fome others, are not very ac- 
curate ; as it does not appear that they diftinguifhed 
between the nucleus and the furrounding atmofphere. 
Thus Tycho computes that the true diameter of the 
comet in 1577 was in proportion to the diameter of 
the earth, as 3 isto 143 and Hevelius made the dia- 
meter of the comet of 1652 to that of the earth, as 52 
to 300, But the diameter of the atmofphere is often 
1o or 15 times as great as that of the nucleus: the 
former, in the comet of 1682, was meafured by Flam- 
fteed, and found to be 2’, when the diameter of the 
nucleus alone was only 11 or 12”, Though fome 
comets, eftimated by a comparifon of their diftance 
and apparent magnitude, have been judged much larger 
than the moon, and even equal to fome of the primary 
planets. The diameter of that of 1744, when at the 
diftance of the fun from us, meafured about 1’, which 
makes its diameter about three times that of the earth: 
at another time the diameter of its nucleus was nearly 
equal to that of the planet Jupiter. 

Of the Tails of Comets. —Vhere have been various 
conjectures about the nature of the tails of comets, 
the principal of which are thofe of Newton, aud the 
others that follow. Newton fhews that the atmofpheres 
of comets will furnith vapour fufficient to form their 
tails. This he argues from their wonderful rarefaction 
jn our aiy at a diftance from the earth; which is fach 
that a cubic inch of common air, expanded to the 
rarity of that at the diftance’ of half the earth’s diame- 
ter, or 4000 miles, would fill a fpace larger than the 
whole region of the flars. Since then the coma, or 
atmofphere of a comet, is ten times higher than the 
farface of the nucleus, from the centre; the tail, 
afcending' ftill much higher, muft neceflarily be im- 


menfely rare: fo that it is no wonder the ftars are vie 


fible through it. 

Now the afcent of vapours into the tail of the co- 
met, he fappofes occvioned by the rarefaction of the 
matté? of the atmofphere at the time of the perihelion, 
Smoke. it is obferved, a'cends the chimney by the im- 
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heat, afcends by the diminution of its {pecific gravity, 
carrying up the fmoke along with it: in the fame 
manner then it may be fuppofed that the tail of a co- 
met is raifed by the fun. | 

The tails therefore thus produced in the perihelions 
of comets, will go off along with their head, into re- 
mote regions; and either return from thence, together 
with the comets, after along feries of years; or ra- 
ther be there loft, and vanifh by little and little, and 
the comet be left bare; till at its return, defcending 
towards the fun, fome fhort tails are again gradually 
produced from the head ; which afterwards, in the pe- 
rihelion, defcending down into the fun’s atmofphere, 
will be immenfely increafed. 

Newton farther obferves, that the vapours, when 
thus dilated, rarefied, aud diffufed through all the ce- 
leftial regions, may probably, by means of their own 
gravity, be gradually attracted down to the planets, 
and become intermingled with their atmofpheres. He 
adds that this intermixture may be ufeful and neceflary 
for the confervation of the water and moifture of the 
planets, dried up or confumed in various ways. And I 
fofpe&t, adds our author, that the fpirit, which makes 
the fineft, fubtileft, and belt part of our air, and which 
js abfolutely requifite for the life and being of all things, 
comes principally from the comets.—-On this principle 
there may feem to be fome foundation for the popular 
opinion of prefages from comets; fince the tail of a 
comet thus intermingled with our atmofphere, may 
produce changes very fenfible in animal and vegetable 
bodies. 

It may here be added, that another ufe which New- 
ton conje€tures comets may be defigned to ferve, is 
that of recruiting the fun with frefh fuel, and repairing 
the confumption of his light by the ftreams continually 
fent forth in every dire€tion from that luminary. In 
fupport of this conje€ture he obferves, that comets in 
their perihelion may fuffer a diminution of their pro- 
jectile force, by the refiftance of the folar atmofphere ; 
fo that by degrees their gravitation towards the fun 
may be fo far increafed, as to precipitate their fall into 
his body. 

Other opinions on the tails of comets, are the fol- 
lowing : 

Apian, Tycho Brahe, and fome others, think they 
were produced by the fun’s rays tran{mitted through 
the nucleus of the comet, which they fappofed was 
tranfparent, and there refraéted as in a glafs lens, fo 
as to form a beam of light behind the comet. Des 
Cartes accounted for the phenomenon of the tail by 
the refraction of light from the head of the comet to 
the fpe€tator’s eye. Mairan fuppofes that the tails are 
formed out of the luminous matter compofing the fan’s 
atmofphere: and M. De Ia Lande combines this hypo- 
thefis with that of Newton recited above. But Mr. 
Rowning, not fatisfied with Newton’s opinion, ac- 
counts for the tails of comets inthe following manner: 
It is well known, fays he, that when the fan’s light 
pafles through the atmofphere of any body, as the 
earth, that which paffes on one fide, is by the refrace 
tion made to converge towards that which pafles on 
the oppofite fide ; and this convergency is not wholly ef- 
fetted either at the entrance of the light into the at- 
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its entrance, it increafes in every point of. its progrefs : 
Tt is alfo agreed, that the atmofpheres of the comets 
are very large and denfe: he therefore fuppofes that 
by fuch time as the light of the fun has pafled through 
a confiderable part of the atmofphere of the comet, 
the rays are fo far refraéted towards each other, that 
they then begin fenfibly to illuminate it, or rather the 
vapours floating in it; and fo render that part they 
have yet to pafs through, vifible to us: and that this 
portion of the atmofphere of a comet thus illuminated, 
appears to us in form of a beam of the fun’s light, and 
paffes under the denomination of a comet’s tail. Rown- 
ing’s Nat. Philof. part 4. chap. 11, 

M. Euler, Mem. Berlin, tom, 2. pa. 117, thinks there 
is a great affinity between the tails of comets, the zo- 
diacal light, and the aurora borealis, and that the com- 
mon canfe of all of them, is the aétion of the fun’s 
light on the atmofpheres of the comets, of the fun, 
and of the earth. He fappofes that the impulfe of the 
rays of light on the atmofphere of comets, may drive 
fome of the finer particles of that atmofphere far beyond 
its limits ; and chat this force of impulfe combined 
with that of gravity towards the comet, would produce 
a tail, which would always be in oppofition to the fun, 
if the comet did not move. But the motion of the 
comet in its orbit, and about an axis, muft vary the 
pofition and figure of the tail, giving it a curvature, 
and deviation from a line joining the centres of the fan 
and comet; and that this deviation will be greater, as 
the orbit of the comet has the greater curvature, and 
as the motion of the comet is more rapid. It may even 
happen, that the velocity of the comet, in its perihe- 
lion, may be fo great, that the force of the fun’s rays 
may produce a new tail, before the old one can follow ; 
in which cafe the comet might have two or more tails. 
‘The poffibility of this is confirmed by the comet of 
1744, which was obferved to have feveral tails while it 
was in its perihelion. 

Dr. Hamilton urges feveral objections againft the 
Newtonian hypothefis ; and concludes that the tail of a 
comet is formed of matter which has not the power 


of refracting or reflecting the rays of light; but that it 


is a lucid or felf-fhining fabftance: and from its fimi- 
Jarity to the Aurora borealis, that it is produced by 
the fame caufe, and is properly an electrical phenome- 
non." Dr. Halley too feemed inclined to this hypo- 
thefis, when he faid, that the ftreams of light in an Au- 
rora borealis fo much refembled the long tails of co- 
mets, that at firit fight they might well be taken for 
Such : and that this light feems to have a greater affi- 
nity to that which the effluvia of ele€tric bodies emir 
in the dark. Philof. Tranf. N* 347, Hamilton’s Pai- 
lof. Effays, pa. gt. 

The Motion of Comets—If it be fappofed that the 
paths of comets are perfeétly-parabolical, as fome have 
imagined, -ir will follow that, being impelled towards 
the fun by a centripetal force, they deicend as from 
{paces infinitely diftant; and that by their falls they 
acquire fuch a velocity as will carry them off again into 
the remotett regions, never more to return. But the 
frequency of their appearance, and their degree of ve-~ 
locity, which does not exceed what they might acquire 
by their gravity towards the fun, feem to put ic paft 
doybt that they move like the planets, in elliptic orbits, 
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though exceedingly eccentric ; and fo return again after 
very long periods. 

The apparent velocity of the comet of 1472, as ob- 
ferved by Regiomontanus, was fuch as to carry it 
through 40° of a great circle in 24 hours: and it was 
obferved that the-comet of 1770 moved through more 
than 45° in the laft 25 hours. 

About the return of comets there have been different 
opinions. Newton, Flamfteed, Halley, and other Eng- 
lith aftronomers, feem fatisfied of the return of comets : 
Caflini and fome of the French think it highly proba- 
ble; but De la Hire and others oppofe it. Thofe oa 
the affirmative fide fuppofe that the comets defcrihe or- 
bits prodigioufly eccentric, infomuch that we can fee 
them only in a very fmali part of their revolution: out 
of this, they are loit in the immenfity of fpace; hid 
not only from our eyes; but our tele(copes: that little 
part of their orbit next us palling fometimes within 
thofe.of all the inferior planets, 

M. Caffini gives the following reafons in favour of 
the return of comets. 1. It is found that they move a 
confiderable time in the arch of a great circle, when 
referred to the fixed ftars, that is a circle whofe plane 
paffes through the centre of the earth ; deviating but a 
little from it chiefly towards the end of their appear- 
ance; a deviation however common to them with the 
planets.—z. Comets, as well as planets, appear to move 
fo much the fatter as they are nearer the earth; and 
when they are at equal diftances from their perigee, 
their velocities are nearly the fame. By fubtraéting 
from their motion the apparent inequality of velocity 
occafioned by their different diftance from the earth, 
their equal motion might be found ; but we fhould not 
ftill be certain that this is their true motion; becaufe 
they might have confiderable inequalities, not diftin- 
guithable in that fmall part of their orbit vifible to use 
It is rather probable that their real motion, as well as 
that of the planets, is unequal in itfelfs and hence we 
have a reafon why the obfervation made during the ap- 
pearance of a comet, cannot give the juft period of 
their revolution, —3. ‘[here are no two different planets 
whofe®orbits cut the ecliptic in the fame angle, whofe 
nodes age in the fame points of the ecliptic, and having 
the fame apparent velocity in their perigee : confe~ 
quently, two comets feen at different times, yet agree- 
ing in all thofe three circumilances, can only be one 
and the fame comet. Not thit this exaé agreement, 
in thefe circumftances, is abfolately neceflary to deter- 
mine their identity: for the moon herfelf is irregular 
in all of them, fo that it feems there may be cates in 
which the fame comet, at different periods of revolu- 
tion, may difagree in thefe points. . 

As to the objections againft the return of comets, 
the principal is that of the rarity of their appearance, 
with regard to the number of revolutions affigned to 
them. In 1702 there was a comet, or rather the tail 
of one, feen at Rome, which M. Caffini takes to be the 
fame with that obferved by Ariftotle, and again lately 
in the year 1668; which would imply a period of 34 
years: Now, it may feem firange that a ttar which 
has fo fhort a revoluzion, and of confequence fach fre 
quent returns, fhould be fo feldom feen. Again, in 
April of the fame year 1702, a comet was obferved hy 
Meiftrs. Bianchini and Maraldi, which the latter fup- 
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pofed was the fame with that of 1664, both on ac- 
count of its motion, velocity, and direttion. M. dela 
Hire thought it had fome relation to another he had 
obferved in 1698, which Caffini refers to that of 16523 
which would make it a period of 43 months, and the 
number of revolutions between 1652 and 1692, 14: 
now, it is hard-to fuppofe, that in this age, when 
the heavens are fo narrowly watched, a ftar fhould make 
14 revolutions unperceived 5 efpecially fuch a ftar as 
this, which might appear above a month together; and 
confequently be often difengaged from the crepuicula. 
For this reafon M. Caffini is very referved in maintain- 
ing the hypothefis of the return of comets, and only 
propofés thofe forsplanets where the motions are eafy 
and fimple, and are folved without ftraining, or allow- 
ing any irregularities. 

M. de Ja Hire propofes one general difficulty againit 
the whole fyftem of the return of comets, which would 
feem to prevent any comet from returning as a planet: 
which is this; that by the difpofition neceflarily given 
to their courfes, they ought to appear as {mall at firft 
as at lat; andalways increafe till they arrive at their 
neareit proximity to the earth ; or if they fhould chance 
not to be obferved, as foon as they are capable of being 
feen, it is yet hardly poffible but they mutt often thew 
themfelves before they have arrived at their full-mag- 
nitude and brightneis: but, adds he, none were ever 
yet obferved till they had arrived at it. However, the 
appearance of a comet in the month of Odober 1723, 
while ata great diftance, fo as to be tou fmall and dim 

‘0 be viewed without a telefcope, as weil as the obfer- 
‘vations of feveral others fince, may ferve to remove 
this obftacle, and fet the comets ftill on the fame foot~ 
ing with the planets. 

Ic is a conjecture of Newton, that as thofe planets 
which are neareft to the fun, and revolve in the leatt 
orbits, are the {malleft; fo among the comets, fuch as 
in their perihelion come neareft the fun, are the {mall- 
eft, and revolve in the leait orbits. 


Of the Writings and Lifts of Comets, 

There have been many writings upon the fubje& of 
comets, befide the notices of hiftorians as to th@appear- 
ance of certain particuiar ones. 

Regiomontazus firft fhewed how to find the magni, 
tudes of comets; their diftance from the earth, and their 
true place in the heavens. His 16 problems De Co- 
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mete Magnitudine, Longitudine, ac Loco, are to be 
found in a book publifhed in the year 1544, with the 
title of Scripta Joannis Regiomontani. 

Peter Apian obferved and wrote upon the comets of 
1631, 1632, &c, Other writers are Tycho Brahe, in his 
Progymnafmata Aftronomia Inftaurate.—Kepler, of 
the comet in the year 1607, and de Cometis Libelli 
tres.—Ricciolus, in his Almageftom Novum, publifhed 
1651, enumerates 154 comets cited by hiitorians dowa 
to the year 1618.—Hevelius’s Prodromus Cometicus, 
containing the hiftory of the comer of the year 1654. 
Alfo his Cometographia. —Lubienietz, ina large folio 
work exprefsly on this fubject, publithed 1667, extracts, 
with immente labour, from the paflages of all hiftorians, 
an account of 413 comets, ending with that of 1665.— 
Di. Iook, in his Pofthomous works.—M. Caffini’s lit- 
tle ‘T'ra& of Comets.—-Sturmius’s Differtatio de Come- 
tarum Natura.—Newton, in his Principia, lib. 3; who 
firit affigned their proper orbits, and by calculations 
compared the obfervations of the great comet of 1680 
with his theory.—Dr. Halley, in his Synopfis Cometica, 
Jin the Philof, Tranf. number 218, &¢; who computed 
the elements and orbits of 24 comets, and who firft ven- 
tured to predi@ the return of one in 1759, which hap. 
pened accordingly.—De la Lande, Théorie des Cometes, 
17593 allo, in his Aftronomie, vol. 3.—Clairaut, Thé- 
orie du mouvement des Camétes, 1760.—D’ Alembert, 
Opufcules Mathématiques, vol. 2. pa. 97-—M. Albert 
Euler, 1762.—Séjour, Effai far les Cométes, 1775.— 
Befides Bofcovich, De la Grange, De la Place, Frifi, 
Lexel, Barker, Hancocks, Cole, with many others, 
And M, Pringré’s Cométographie, in z vols. 4to, 17845 
in which is contained the moft ample lift of fuch comets 
as have been well’obferved, and their elements com- 
puted, to the number of 67. And accounts of a very 
few more that have been obferved fince that time, may 
be feen inthe Mem. de |’Acad. and inthe Philof. Tranf. 
—And while this work is printing, there has jut come 
out 4 very ingenious and ample work. upon comets, by 
Sir Henry Englefield, entitled, “« On the Determination 
of the Orbits of Comets.” 

The whole lit of comets that have been noticed, on 
record, amount to upwards of 500, but the following 
isa complete lift of all that have been properly obferved, 
and their elements computed, the mean diftance of the 
earth from the fun being 10c000. 7 





TABLE OF THE ELEMENTS OF COMETS, 
































Year. | Afgending | Inctin. of | Peribetion Perinel | Time of Perihelion, | Motion | Caluleated by 
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Perihelion vethel: 

s e ¥ doh 
to 1 39 | 56700 | Aug. 24 21 
3.21 7} So910 é&. 19 22 
4 27.16 | 20280 | June 16 20 
9 8 50 | 66390 | April 21 20 
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year, | Agnes | Incha: of) perihelion. | Petite! | Time of Perihelion | Motion | Calculated by 
2 0 ° , so 8 
1769} 5 25 334050] 4 24 16 | 12264 oa rs | Dir. } Evler 
525 § | 40 50; 4 24 11 | 12269 16 |}. oe | Lexell 
5 25 6) 40 47} 4 24 16 | 12274 Pingré 
1770 | 4 16 39 144] 11 24 7 | 62959 Pingré 
4 13 39 I4t] at 25 5 | 65800 Pingré 
4.15 29 147 | 11 26 7 | 62955 Profperin 
415 4] 1 45 | i 22 51 | 64456 Profperin 
4 4 30 1231 0 7 14] 71717 Profperin 
412 56! 3 46} 11 29 45 | 64946 Widder 
1770 412 0 1 34 | 11 26 16 } 67438 Lexell 
43217} 1 35] 11 26 26 | 67689 Pingré 
41614] 2 45 | it 26 13 | 62872 Slop 
412 0 455 | 11 25 57 | 63100 Lambert 
4 If 22 149 | 11 26 19 | 62758 Rittenhoufe 
1770 3.18 42 | 31 26) 6 28 23} 52824 Pingré 
177% 0 27 $1} at ts | 3 13 28] 90576 Pingré 
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1781 223 1 | 81 43 | 7 29 11 | 77586 July 7 § | Dir. | Mechain 
1781 2 17 231 27:13 | 0 16 34} 96101 Nov. 29 13 Ret. | Mechain 








M. Facio has fuggefted, that fome of the comets 
have their nodes fo very near the annual orbit of the 
earth, that if the earth fhould happen to be found in 
that part next the node at the time of a comet's paff- 
ing by; as the apparent motion of the comet will he 
immenfely fwift, fo its parallax will become very fenfi- 
ble; and its proportion to that of the fan will be 
given: whence, fuch tranfits of comets-will afford the 
beft means of determining the diftance between the 
earth and fun. 

The comet of 1472, for inftance, had a parallax 
above 20 times greater than the fun’s: and if that of 
1618 had come down in the beginning of March to its 
defcending node, it would have been much nearer the 
earth, and its parallax much more notable. But hither. 
to none has threatened the earth with a nearer appulfe 
than that of 1680: for, Dr. Halley finds, by calcula- 
tion, that Nov. rith, at 1h. 6 min. afternoon, that 
~ comet was not more than one femidiameter of the earth 
to the northward of the earth’s path; at which time 
bad the earth been in that part of its orbit, the comet 


What might have been the confequence of fo near an 
appulfe, a contact, or laftly, a fhock of thefe bodies ? 
Mr. Whifton fays, a deluge! 

To determine the Place and Courfe of a Comet,—Obe 
ferve the diftance of the comet from two fixed ftars, 
whofe longitudes and latitudes are known: then from 
the diftances thus known, calculate the place of the 
comet by fpherical trigonometry. 

Longomontanus fhews an ealy method of finding and 
tracing out the places of a comet mechanically, which - 
is, to find two ftars in the fame line with the comet, 
by ftretching a thread before the eye over al! the three; 
then do the fame by two other ftars and the comet: 
this done, take a celeftial globe, or a planifphere, and 
draw a line upon it frit through the former two ftars, 
and then through the latter two; fo fhall the interfec- 
tion of the two lines be the place of the comet at that 
time. If this be repeated from time to time, and all 
the points of interfeétion conneéted, it will thew the 
ath of the comet in the heavens. 

COMETARIUM, a machine adapted to give a re~ 
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It is fe contrived as, by elliptical wheels, to thew the 
unequal motion of a comet in every part of its orbit. 
‘The comet is reprefented by a {mall brafs ball, carried 
by a radius veétor, or wire, in an elliptical groove about 
the fon in one of its foci; and the years of its period 
are fhewn by an index moving with an equable motion 
over a graduated filvered circle. See a particular de- 
{cription, with a figure of it, in Fergufon’s Aftron, 8vo. 


+ 400. : 

COMMANDINE (Frengrticx), a celebrated 
mathematician and linguift, was born at Urbino in 
Italy, in 1509; and died in 1575 5 confequently at 66 
hil of age. He was famous for his learning and 

nowledge in the fciences. Toa great depth, and juft 
tafte in the mathematics, he joined a critical fkill in the 
Greek language ; ahappy conjunction which made him 
very well qualified for tranflating and expounding the 
writings of the Greek mathematicians, And accord- 
ingly, with a moft laudable zeal and induftry, he tranf- 
Jated and publithed feveral of their works, to which no 
former writer had done that good office. On which 
account, Francis Moria, duke of Urbino, who was very 
converfant in thofe {ciences, proved a very affectionate 
patron to him. He is greatly applauded by Bianchanus, 
and other writers; and he juftly deferved their enco- 
miums. 
| Of his own works Commandine publithed the follow- 
ang: 

F Commentarius in Planifpheriam Prolemai: 1558, 
in.4to. 

z, De Centro Gravitatis Solidorum: Bonon. 1565, 
in 4to. : 

. Horologiorum Deferiptio: Rom. 1562, in 4to. 
ie trarflated and illuftrated with notes the following 
works, mott of them beautifully printed in 4to. by the 
celebrated printer Aldus : 

1. Archimedis Girculi Dimenfio; de Lineis Spirali- 
‘bus; Quadratura Parabol# ; de Conoidibus & Sphz- 
roidibus ; de Arenz Numero: 1558. 

2. Ptolomai Planifphariam ; & Planifpherium Jor- 
dani: 1558. 

3. Ptolomei Analemma: 1562. 

4. Archimedis de iis que vehunturin aqua: 1565. 

5. Apollonii Pergzi Conicorum libri quatuor, una 
cum Pappi Alexandrini Lemmatibus, & Commentariis 
Eutocii Afcalonite, &c: 1566. 

6. Machometes Bagdadinus de Superficieruazn Divi- 
fionibus: 1570. 

7. Elementa Euclidis: 1572. ; 

8. Ariftarchus de Magnitudinibus & Diftantiis Solis 
& Lune: 1572. 

g. Heronis Alexandrini Spiritualium liber: 1583. 

10. Pappi Alexandrini ColleCtiones Mathematice ; 

1588. 
SCOMMANDING Ground, in Fortification, an emi- 
nence, or rifing ground, overlooking any poft or ftrong 
place. This is of three forts. 
ing Ground, or a height oppofite to the face of the 
pott, which plays upon its front. 2dly, 4 Reverfe 
Commanding Ground, or an eminence that can play upon 
the rear or back of the poft. jdly, 4a Enfilade Com- 
madnding Ground, or an eminence in flank which can, 
with its thot, {cour all the length ofa ftraight line. 
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COMMENSURABLE Quantities, or Maguitudes, 
are fuck as have fome common aliquot part, or which 
may be meainred or divided, without a remainder, by 
one andthe fame meafure or divifor, called their com~- 
mon meafure. ‘Thus, a foot and a yard are commene 
forable, becaufe there isa third quantity that can mea- 
fure each, viz. an inch; which is 12 times contained in 
the foot, and 36 times in the yard.——Commenfurables 
are to each other, as one rational whole number is to 
another; bat incommenfurables are not fo: And there- 
fore the ratio of commenfurables is rational ; but that 
of incommentusables, irrational; hence alfo the expo- 
pen of the ratio cf commenfurables, is a rational nem- 

ere 

COMMENSURABLE Numbers, whether integers, 
or fraGions> or furds, are fuch as have fome other num- 
ber, which will meafure or divide them exaétly, oz 
without a remainder, ‘hus, 6 and 8 are commentura- 
ble, becaufe 2 meafures or divides them both. And 
2 and 3,or 8, and .& are commenturable fractions, be- 
caufe the fraction 4, or 7, &c, will meafure them both: 
and in this fenfe, all fractions may be faid to be com- 
menfurable. Alfo the furds z¥2 and 3V2 are com- 
menfurable, being mcafured by ¥2, or being to each 
other as 2 to 3. 

Commensuraste in Power. Euclid fays, right 
lines are commenfarable in power, when their fquares 
are meafured by one and the fame {pace or faperficies. 

COMMON, is applied to an angle, line, meafure, or 
the like, that belongs to two or more figures, or other 
things. As, acommon angle, a common fide, a com- 
mon bafe, a common meafure, &c. 

Common Measure, or divifor, is that which mea- 
fares two or more things: without a remainder. So of 
8 and 12, acommon meafure. is z, and fo is 4. 3 

The greatefi Common Meafure isthe greateft number 
that can meafure two other numbers. So, of 8 and 12, 
the greateft common meafare is 4. 

To find the greateft common meafure of two numbers, 
Divide the greater term by the Jefs; then divide the di- 
vifor by the remainder, if there be any ; and fo on con- 
tinually, always dividing the laft divifor by the laft re- 
mainder, til] nothing remains; and then is the laft di- 
vifor the greateft common meafure fought. 

Thus, to find the greateft common meafure of 816 
and 1488. 


816)1488(1 
816 
672)816(5 
672 
144)572(4 
576 
96)144(1 
go 
the common meaf, 48)96(2 
9 
° 


There‘ore 
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“Therefore 48 is the greateft commen meafure of $16 
and 1488, thus ; 


48) 816( 17 48) 1488(3r 
8 


4 144 
336 48 
336 48 


‘The common meafure is ufeful in fraGtions, fo re- 
duce a fraction to its leat terms, by dividing thofe that 
are given by their greateft common meafure. So tity 
reduces to 37, by dividing 816 and 1488 both by their 
greatcfl common meafare 48. 

COMMUNICATION of Motion, that at of a 
moving body, by which it gives motion, or transfers 
Yts motion to another body. : 

Father Mallebranche contiders the communication of 
motion, as fomething metaphyfical ; that is, as not ne- 
eeffarily arifiug from any phyfical principles, or any 
properties of bodies, but flowing from the immediate 
agency of God. ; 

The communication of motion refults from, and is an 
evidence of the impenetrability and inertia of matter, 
as fuch; unleis we admit the hypothelis of the pene- 
trability of matter, advanced by Bofcovich and Michell, 
‘and aferibe to the power of repulfion thofe effets which 
have been ufually aicribed to its folidity and aétual re- 
fitance. ‘ 

Newton fhews that a€tion and reaction are equal and 
oppolite ; fo that one body friking or aéting againft 
another and thence cauling a change in its motion, 
does itfelf undergo the very fame change in its own 
motion, the contrary way. And hence, a moving body 
Striking dire@tly auother at reft, it lofes juft as much of 
its motion as it communicates to the ‘other. For the 
laws and quantity of motion fo communicated, either in 
tlaftic or nonelaltic bodies, fee Coutrsion. 

COMMUTATION, Angle of, is the diftance. be- 


tween the fun’s true place feen from the earth, and 





the place of a planet reduced to the ecliptic: which | 


therefore is found by taking the difference between the 
fun’s longitude and the heliocentric longitude of the 
planet. 4 

COMPANY, Rule of, or Rule of Fellowfbip, in 
Arithmetic, is a rule by which are determined the true 
fhares of profit or lofs, due to the feveral partners, or 
affociates, in any enterprize, or trade, in due propor- 
tion to the flock contributed by each, and the time it 
was employed. Yo do which properly, fee the Rule of 
Fellocufbip, 

COMPARTMENT, a defign compofed of feveral 
different figures, difpofed with fymmetry ; to adorn a 
parterre, a cieling, pannel of joinery, or the like. 

CCOMPARTITION, the ufeful and graceful diftri- 
bution of the whole ground-plot of an edifice, into 
rooms of office, and of reception, or entertainment. 

" COMPASS, or Mariner's Conpafs, is an inftrument 
ufed at fea by mariners to dire€t and afcertain the 
courfe of their thips. It confifts of a civealar brafs box, 
which contains a paper card with the 32 points of the 
compafs, ‘or winds, hxed on a magnetic needle that al- 
ways turns to the north, excepting a fmall deviation, 
which is variable at different 

Vou. 1 


{33 


places, and at the fame . 
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place at different times... See Variation of the Com- 
‘Se 
Vike needle with the card turns on aa upright pin 
fixed in the centre of the box. To the middle of the 
needle is fixed a brafs conical focket or cap, by which 
the card hanging on the pin turns freely round the 
centre, 

The top of the box is covered with a glafs, to pres 
vent the wind from difturbing the motioa of the card. 
The whole is inclofed in another box of wood, where 
it is fufpended by brafs hoops or gimbals, to keep the 
card in a horizontal pofition during the motions of the 
fhip. The whole is to be fo placed in the fhip, that 
the middle fe&tion of the box, parallel to its fides, may 
be parallel to the middle feG@ion of the fhip along its 
keel. 

The invention of the compafs is ufually afcribed to 
Flavio Gioia, or Flavio of Mulphi, about the year 
1302; and hence it is that the territory of Principato, 
the part of the kingdom of Naples where he was born, 
has a compas for its arms. He divided his compafs 
only into 8 points. Others afcribe the invention to 
the Chinefe ; and Gilbert, in his book de Magnete, af- 
firms that Marcus Paulus, a Venetian, making. a jour- 
ney to China, brought -back the invention with him ia 
1260. What ftrengthens this conjeture is, that at fir 
they ufed the compafs, in the fame manneras the Chinele 
Rill do, viz, letting it float on a {mall piece of cork, in- 
flead of fufpending it on a pivot. It is added, that 
their emperor Chiningus, 2 celebrated aftrolo er, hada © 
knowledge of it 1120 years before Chrift, The Chi- 
nefe divide their compafs only into 24 points. But 
Ludi Vertomanus affirms, that when 4 was in the 
Eatt-Indies, about the year 1500, he faw a pilot of a 
fhip dire& his courfe by a compas, fattened and framed, 
as thofe now commonly ufed. And Barlow, in his 
book called ‘The Navigatar’s Supply, anno 1597, faye, 
that in_a perfonal conference with two Eaft-Indians, 
they affirmed, that inflead of our compafs, they ufe a 
magnetical needle of 6 inches, and longer, updn a pin 
ina difh of white China earth, filled with water; in 
the bottom of which they have two crofs lines for the 4 
principal winds, the reft of the divifions being left to 
the fiill of their pilots. Alfo in the fame book he fays 
that the Portuguefe, in their firft difcovery of the Eaft- 
Indies, got a pilot of Mahinde, who brought them from 
thence in 33 days, within fight of Calicut. 

But Fanchette relates fome verfes of Guoyot de Pro- 
vence, who lived in France about the year 1200, which 
feem to make mention ef the compas under the name 
Of marineite, or mariners fone} which fhew it was ufed in 
France near 100 years before either the Malfite or Vene- 
tian one. The French even lay claim to the invention, 
from the fleur de lys with which moft pgople diftin- 
guifh the north point of the card. With as mach tea- 
fon Dr. Wallis afcribes it to the Englifh, from its name 
compals, hy which name moft nations call it, and which 
he obferves is ufcd in many parts of England to fignify 
a circle. - 

‘The mariner’s compafs was long very rude and ims 
perfect, but at length received great improvement from 
the inveation and experiments of Dr, Knight, who 
difcovered the ufeful practice of making artificial mag 
nets; and the farther emendations of Mr. Simeaton, and 
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Mr. M‘Cullech, by which the needles are larger and 
thronger than formerly, and inftead of fwinging in gim- 
bails, the compafs is fupported in its very centre upon a 
prop, and the centres of motion, gravity, and magnet- 
ifm are brought almoft all to the fame point. 

After the difcovery of that moft ufeful property of 
the magnet, or loadftone, viz, its giving a polarity to 
hardened iron or ftcel, the compafs was many years in 
ule before it was known in anywife to deviate from the 
poles of the world. About the middle of the 16th 
century, fo confident were fome perfons that the needle 
invariably pointed due north, that they treated with 
contempt the notion of the variation, which about that 
time began to be fufpected. However, careful obfer- 
vations foon difcovered that in England, and its neigh- 
bourhood, the needle pointed to the eallward of the 
true north line; and the quantity of this deviation 
being known, mariners became as well fatisfied as if the 
compafs had none ; becaufe the true courfe could be 
obtained by making allowance for the true variation. 

From fucceeding obfervations it was afterwards found, 
that the deviation of the needle from the north was not 
aconftant quantity, but that it gradually diminifhed, 
aud at laft, namely, about the year 1657, it was found 
that the needle pointed due north at London, and has 
ever fince been going to the weftward, till now the va- 
sjation is upwards of two points of the compafs: indeed 
it was 22° 41° about the middle of the year 1781, as 
appears by the Philof. Tranf. pa. 225, ie that year, 
and is probably now fomewhat more, which it would 
be of confequence to know ; but why fuch ufeful obfer- 
vations and experimcuts, as thofe of the variation and 
dip of the magnetic needle, have been fo long difconti- 
nued, to the prejud’ce of f{cience, is bet known to the 
Jearned Prefident of that Society, aud his Council. So 
that in any one place it may be (ufpeted the variation 
has a kind of libratory motion, traverfing through the 
north, to unknown limits eaflward and weftward. But 
the lettling of this point muft be left to time and future 
experiments. See Fariaticn, alfo Inclination, and Dip. 
Alfo for a farther defcription of different compaffes and 
their ufes, fee that ufeful book, Robertfon’s Naviga- 
tion, vol. 2. p. 231- 

The Azimuth Compass differs from the common {eg 
compafs in this; that the circumference of the card or 
box is divided into degrees ; and. there is fitted to the 


box an index with two fights, which are upright pieces, 


of brafs, placed diametrically oppofite to each other, 
having a flit down the middle of them, through which 
the fun or flar is to be viewed at the time of obferva- 
tion. : > 
The Ufe of the Azimuth Compafs, is to take the bear- 
ing of any celeftial obje€@t, when it is in, or above the 
horizon, that from the magnetical azimuth or ampli- 
tude, the variation of the ncedle may be known. See 
Azimuth, and Amplitude. : 

The figure of the compafs card, with the names of 
the 32 points or winds, are as in fig. 5, plate vi; where 
other compaffes are alfo exhibited. 

As there are 32 whole points quite around the circle, 
which contains 360 degrees, therefore each foint of 
the compafs contains the 32d part of 360, that is 
51} degrees, or 1 1° 15°; confequently the half point is 
5° 37/ 30", and the quarter point 2° 48° 45°". 
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The points of the compafs are otherwife called 
Rhumbs ; and.the numbers of degrees, minutes and fe- 
conds made by every quarter poiut with the meridian, 













































are exhibited in the following table. 

STABLE of Rhumbs, thewing the Degrees, Minutes, and) 
Seconds, that every Point and Quartet-point of the Compafs 
makes with the Meridian. 
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Compass Dials, are {mail dials, fitted in boxes, for 

the pocket, to fhew the hour of the day by the direce 


tion of the needle that indicates how to place them ° 
right, by turning the dial about till the cock or flyle 
ftand dire@lly over the needle. But thefe can neverrbe 
very exact, becanfe of the variation of the needte itfelf ; 
unlefs that variation be allowed for, iu making and 
lacing the inftrument. . : 

COMPASSES, or Pair of Compasses, a mathe- 
matical inftrument for deferibing circles, meafuring and 
dividing lines, or figures, &c. 

‘The common compaffes confilt of two fharp-pointed 
branches or legs of iron, fteel, brafs, or other metal, 
joined together at the top by a rivet, about which they 
move as ona centre. Thofe compafies are of the beit 
fort in which the pin or axle, on which the jolat turne, 
is made of fteel, and alfo half the joint itfelf, as the on 
pofite metals wear more equally : the points fhould alfo 
be made of hard fteel, well polithed ; and the joint 
fhould open and fhut with a fmooth, eafy, and uniform 
motion. In fome compaffes, the points are both fixed; 
but in others, one is made to take out occafionally, and 
a drawing-pen, or pencil, put in its place. 

There are in ufe compaffes of various kinds and con- 
trivances, adapted to the various purpofes they are in- 
tended for ; as, 

Compasses of three Legs, or Triangular Compaffes; 
the conitrution of which is like that of the common 
compaffes, with the addition of a third leg or point, 
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which Was a motion every way. Their ufe is to take 
‘three points at once, and fo to form triangles, and lay 
‘dewn three psfitions of a map to be copied at once. 

Beam Compasses confift of a long ftraight beam 
or bar, carrying two brafs curfors; one of thefe being 
fixed at one end, the other fliding along the beam, 
with a ferew to faflen it on occafionally. To the curfors 
may be fcrewed points of any kind, whether fteel, pen- 
cils, or the like, To the fixed curfor is fometimes ap- 
plied an adjulting or micrometer ferew, by which an 
extent is obtained to very great niccty. The beam 
compafies are ufed to draw large circles, to take great 
-extents, or the like. 

Bew Compasses, or Bows, are a fall fort of com- 

afics, that fhut up in a hoop, which ferves fora handle. 
“Dheir ufe is to deferibe arcs or circumferences with a 
very {mall radius, 

Caliber Compasses. See Carrper. 

Clockmakers Come assts are jointed like the common 
compafles, with a quadrant or bow, like the {pring com- 
paffes ; only of different ale, ferving here to keep the 
inflrument firm at any opening, They are made very 
flrong, with the points of their legs of well-tempered 
Reel, as being ufed to draw or cut lines in pafteboard, 
‘or copper, &c. 

Cylindrical and Spherical Comp asses, confit of four 
branches, joined in a centre, two of them being circular 
and two flat, a little bent at the ends. ‘The ufe of 
them is to take the diameter, thicknefs, or caliber of 
gourd or cylindrical bodies; as cannons, balls, pipes, 
me. 

There are alfo fpherical compaffes, differing in no- 
thing from the common ones, but that their legs are 
arched; ferving to take the diameters of round bodies. 

There is alfo another fort of compaffes lately invented, 
for meafuring the diameter of round bodies, as balls, &c, 
which confit of two flat pieces of metal fet at right 
angles an a ftraight bar or beam of the fame; the one 
piece being fixed, and the other fliding along it, fo-far 
asjuft to receive the round body between them; and 
then its diameter, or diftance between the two pieces, 
is fhewn by the divifions. marked on the beam. 

Lliptical Compasses, are ufed to draw ellipfes or 
ovals of any kind. The inftrument confilts of a beam 
AB (Plate vie fig, 6.) about a foot long, bearing three 
curfors ; to one of which may be fcrewed points of any 
kind ; and to the buttom of the other two are rivetted 
two fliding dove-tails, adjulted in grooves made in the 
crofs branches of the beam, ‘The dove-tails having a 
motion every way, by turning about the long branch, 
they go backward aud ferwaid along the crofs; fo that 
when the beam has gone half way round, one of thefe 
will have moved the whole length of one of the 
branches ; and when the beam has gone quite round, 
the fame dove-tail has gone back the whole length of 
the branch. Underftand the fame of the other dove- 
tail. 

Note, the diftance between the two fliding dove- 
tails, is the diftance between the two foci of the ellipfe 5 
do that by changing that diftance, the ellipfe will be 
rounder or flatter. Under the ends of the branches of 
the crofs, are placed four fleel points to keep it faft. 

The ufe of this compals is eafy: by- turning round 
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the long branch, the pen, pencil, or other poiats will 
draw the ellipfe required. . 

Its figure thews both its ufe and conftruétion, 

German Compasses have their legs a little bent out- 
wards, near the top ; fo that when hut, the points only 
meet. 2 

Hair Comrasses are fo contrived within fide by a 
{mall adjufting fcrew to one of the legs, as to take an 
‘extent to a hatr’s breadth, or great exaCinefs. 

Proportional Compasses are thofe whofe joint lies, 
not at the end of the legs, but between the points ter- 
minating each leg. Thefe are either fimple, or com- 
pound, In the former fort the centre, or place of the 
Joint is fixed ; fo that one pair of thefe ferves only for 
one proportion. 

Compound Proportional Compasses have the joint or 
centre moveable. They confilt of two parts or fides of 
brafs, which lie upon each other fo nicely as to feem 
but one when they are fhut. Thefe fides eafily openy 


“and move about the centre, which is itfelf moveable in 


a hollow canal cut through the greateft part of their 
length. ‘T'o this centre on each fide is fixed a flidin: 
piece, of a fmall length, with a fine line drawn on it 
ferving as an index, to be fet againft other lines or div _ 
vilions placed upon the compaffes on both fides. Thefe 
lines are, 1, A line of lines; 2, a line of fuperficiery 
areas, or planes, the numbers on which anfwer to the 
Squares of thofe on the line of lines ; 3, a line of folids, 
the numbers on which anfwer to the cubes of thofe on 
the line of lines ; 4, a line of circles, or rather of poly- 
gotisto be inferibed in circles, Thefe lines are all unequal- 
ly divided, the firft three from 1 to 20, and the laft from 
6to20, The ufe of the firft is to divide a line into any 
number of equal parts; by the 2d and 3d are found the 
fides of like planes or folids in any given proportion ; 
and by the qth, circles are divided into any number of 
equal parts, or any polygons infcribed in'them. Sce 
Plate vi. fig. 7. 

Spring Compasses, or Dividers, are made of hardens 
ed fteel, with an arched head, which by its {pring opens 
the legs; the opening being dire@ted by a circular ferew 
faltened to one of the legs, let through the other, and 
worked with a nut. 

Trifetting Compasses, for the trileting of angles 
geometrically, for which purpofe they were invented 
by M. Tarragon, 

The initrument confifts of two central rules, and an 
arch of a circle of 120 degrees, immoveable, with its 
radius: the radius is faltened with one of the central 
rules, like the two legs of a fe€tor, that the central rule 
may be carried through all the points of the circum~ 
ference of the arch, “The radius and rule fhould be aa 
thin as poffible; and the rule faftened to the radius 
fhould be hammered cold, to be more claftic; and the 
breadth of the' other central rnle muft be triple the 
breadth of the radius: inthis rule alto is a groove, with 
a dove-tail faftened on it, for its motion; there mutt 
alfo be a hole in the centre of each rule. 

Yurn-up Compasses, a late contrivance to fave the 
trouble of changing the points: the body is like the 
common compafles; and towards the bottom of the legs 
without fide, are added two other points, befides the 
ufual ones; the one carrying a drawing pen point, and 
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the other 2 port-crayon ; both being adjufted to turn 
Up, to be ufed or not, as occafion may require. 

COMPLEMENT in general, is what is wauting, 
or neceffary, to complete fome certain quantity or thing, 
As, the 

Comprement. of an arch ‘or angle, as of 90° or a 
quadrant, is what any given arch or angle wants of it; 
fo the complement of 50° is 40°, and the complement of 
100 degrees is —10°, a negative quantity. —The com- 
plement to 180° is ufually calted the fupplement, to dif- 
tinguifh it from the complement to 90° properly fo 
called. <'The fine of the complement of an are, is con- 
trated into the word cofine ; the tangent of the com- 
plement, into cotangeat ; &c. 

“Arithmetical COMPLEMENT, is what a number or lo- 
garithm wants of unity or.1 with fome number of 
ciphers, It is be(t found, by begining at the left-hand 
fide, and fubtraGting every figure from g, except the laft, 
or right-hand figure, which mutt be fubtraéted from 10. 
So, the arithmetical comp, of the Jog. 9°5 3297145 
by fubtraciing from 9’s, &c, is 074670286. 

The arithmetical complements are much ufed in ope- 
rations by logarithms, to change fubtractions into ad- 
ditions, vic are more conveniently performed, efpe- 
cially when there are more than one of them in the 
operation, 

CompLemEnr, in Aftronomy, is ufed for the dif- 
tance ofa flar from the zenith; or the arc contained 
between the zenith and the place of a ftar which is above 
the horizon. It is the fame as the complement of the 
altitude, or co-altitude, or the zenith diftance, 

Comprement of the Courfe, in Navigation, is the 
quantity which the courfe wants of 90°, or 8 points, 
viz, a quarter of the compafs, 

Conprement of the Curtain, in Fortification, is 
that part of the anterior fide of the curtain, which 
makes the demigorge. 

Compremenr of the Line of Defence, is the remainder 
of that line, after the angle of the flank is taken away. 

ComPpLemeENTS of @ Parulielogram, or ina Parallelo- 
gram, are the two leficr parallelograms, made by draw- 
ing two right lines parallel to 
each fide of the given parailelo- A BR 
gram, through the fame point in 
the diagonal. So P and Q are 
the complements in the paralle- 
logram ABCD. Q 

in every cafe, thefe comple- a 
ments are always equal, viz, the D 
parallelogram P = Q. 

Complement of Life, a term much ufed, in the 
do@rine of Life Annuities, by De Moivre, and, ac- 
sording to him, jt denotes the number of years which 
a given life wants of 86, this being the age which he 
confidered as the utmoit probable-exteat of life. So 
56 is the complement of 30, and 30 is the complement 
of 56. , 

That author feppofed an equal annual decrement of 
life through all its Rages, till the age of 86. Thus, if 
there be 56 perfons living at 30 years of age, it is fup- 

‘ofed that one will die every year, till they be all dead 
in 56 years. This hypothelis in many cafes is very 
near the truth; and it agrees fo nearly with Halley’s 
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table, formed from his obfervations of the mortuary 
bills of Breflaw, that the value of lives deduced either 
from the hypothefis, or the table, need not be diftin- 
guifhed ; hence it very much eafes the labour of calcu 
lating them. See Li % Annuiries, alfo De Moivre’s 
Treatife on Annuities, pa. 83, and Price on Revere 
fionary Payments, pa. 2. 

COMPOSITE Number, is one that is compounded 
of, or made up by the multiplication of two other nunt- 
bers, greater than I, or which can be meafured by fome 
As 12, which is come 
pofed, or compounded of 2 and 6, or 3and 4, viz by 
multiplying together 2 and 6, or 3 and 4, both pro- | 
duéis making the fame number 12 3 which therefore is 
a compofite number. 

Compofites are oppofed to prime numbers, or primes, 
which cannot be exa¢tly meafured by any other num- 
ber, and cannot be produced by multiplying together 
two other factors, 

Compofite Numbers between themfelves, arc the fame 
with commenfurable numbers, or fuch as have a com 
mon meafure or faGtor 3 as 15 and 12, which have the 
common term 3. 

The dodrine of Prime and Compofite numbers is 
pretty fully treated in the 7th and Sth books.of Euclid’s 
Elements. 

Composrre Order, in Architecture, is the laft of the 
five orders of columns ; and is fo called becaufe its ca- 
pital is compofed out of thofe of the other orders. 
Thus, it borrows a quarter-round from the Yulean and 
Doric; adouble row of leaves from the Corinthian 5 
and volutes from the lonic. Its cornice has fingle mo- 
dillions, or deutils ; and its column is 10 diameters in 
height. i 

‘Chis order is alfo called the Roman order, and Tralic 
order, as having been invented by the Romans, like as 
the other orders are denominated from the people among 
whom they had their rife. 

COMPOSITION, isa fpecies of reafoning by which 
we proceed from things that are known and given, flep 
by ftep, till we arrive at fuch as were before unknown 
or required 5 viz, proceeding upon principles felfeevi+ 
dent, on definitions, pottulates, and axioms, with a pre- 
vioufly demonttrated feries of propofitions, flep by Rep, 
till it gives a clear knowledge of the thing to be knowa 
or demonftrated. Compolition, otherwife called the 
fynthetical method, is oppofed to Refolution, or the ana- 
lytical method, and is chiefly ufed by the ancients, 
Euclid, Apollonius, &¢. . See Pappus; alfo the term 
Analyfis. 

Composition of forces, or of motion, is the union or 
affemblage of feveral forces or motions that are oblique 
to one another, into an equivalent one in another direc 
tions 

1, When feveral forces or motions are united, 
that a& in the fame line of dire&tion, the combined 
force or motion will be in the fame line of dire€tion 
ftill, But when oblique forces are united, the com- 
pounded force takes a new -direétion, different from 
both, and is cither a right line or a curve, according to 
the nature of the forces compounded. 

2. If two compounding motions be both equable 
ones, whether equal to each other or not, the line of the 
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compound motion wil! be a ftraight tine. ~ Thus, if the 
one equable in’ the dire&tion AB be AE. B 
fofficient to carry a body over the i 





Space AB in any time, and the other 
motion fufficient to pafs over AC in | 
the fame time; then by the com- 
pound motion, or both a@ting on the 
body together, it would in the fame © 
time pafs over the diagonal Al) of z 
the parallelogram ABDC. Por be-  |psscsnessomeuy 
caufe the motions are uniform, any © D 
fpaces Ad, Ac pafled over in the fame time, are propor- 
tional to the velocities, or to AB and AC}; and confe- 
quently all the points A, d, d, D, of the path are in the 
fame right line. ; 

3. And though the compounding motions be not 
equable, but vatiable, either accelerated or retarded, 
provided they do but vary in a fimilar manner, the come 
pounded motion will Rill be in a ftraight line. Thus, 
fuppofe, for isiflance, that the motions both vary in 
fuch a manner, as that the {paces paffed over in the 
fame time, whether they be equal to each other or not, 
are both as the fame power n of the time; then AB": 
ACt:: Abt: Ac®, and hence AB: AC: : Ab: Ac, 
and therefore, as before, Add D is {till aright line. 

” 4+ But if the compounding motions be not fimilar to 
each other, as when the one is equable and the other 
variable, or when they are varied in a diffimilar man- 
ner; then the compounded motion is in fome curve 
Tine. So if the motion in the ohe direQion EF be ina 
‘cfs proportion, with refpect to the time, than that in the 
direction EG is, then the path will : 
be a curve line Es:H concave to 
wards EF; but if the motion in 
EF be in a grearer proportion than 
that in EG, then the path of the 
compound motion will be a curve 
E4H convex towards EF: that is, 
<1 general, the curvilineal path is 
“nvex towards that direCtion in 
Weh the motion is in the lefs pro- 
P%on tothe time. Hence, er a 
Patkular inftance, if the motion in 
the veGtion EF bea motion of proje€tion, which is 
40 €hble motion, and the motion in the dire€tion EG 
that “ing from gravity, which is a uniformly accele- 
rated Mion, or in proportion to the {quares of the 


times; kn ig EG as GH2, and E hat i 
EG Ee ea as » and Eg as ght that is 





; : gh*, which is the property of the 
paves A therefore the path EH of any bedy pro- 
na deeeeGs 


hegommon parabola. 
Se If there three forces united, or ating againft 
the ee at the fame time, viz, the force or 
weight he gy direaion AB, and the forces or ten- 
-fions in the fy wens AC, AD; and if thele three 
forces mutually ace each ‘other, fo as to keep the 
eae) Pome. 23 equilibrio ; then ate thefe forces 
idee tial atten % the refpective fides of a triangle 
sore fi y Grawing 8 Parallel to the directions of 
facie Sante a oetpendicular to thofe direc- 
ai ta TBE L pd the fame angle with them, 
pats CA vroduceyxlel, for inftance, to AD, 
and mect Pr E, forming the triangle 
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ABE; then are the three forces in the direCtions AB, 
AC, AD, refpestively, proportional to the fides AB,, 


AE, BE. 





And this theorem, with its corollaries, Dr. Keil ob- 
ferves, is the foundation of all the new mechanics of. 
M. Varignon: by help of which may the force of the 
mufcles be computed, and moft of the mechanic theo- 
rems in Borelli, De Motu Animalium, may immedi-e 
ately be deduced. s . 

See more of the Compofition of Forces under the are 
ticle Couursion. : . is 

Composition of Numbers and Quantities. See Com- 
BINATION. 

Comprostrton of Proportion, accofding to the 15th 
definition of the 5th book of Euclid’s Elements, is - 
when, of four proportionals, the fum of the iftand ad 
is to the 2d, as the fum of the 3d and 4th is to the 4th: 

asifitbe @ :b:: ¢ id, 
then by compofition a4): 6 ::e+d: d. 
Or, in numbers, if 2 3 4:: 9 : 18% 
then by compofition 6 :4:: 27 : 18 

Composition of Ratios, is the adding of ratios to- - 
gether: which is performed by multiplying together 
their correfponding terms, viz, the antecedents together, 
and the confequents tugetber, for the antecedent and 
confequent of the ai area ratio; like as the addi- 
tion of logarithms is the fame thing as the multiplica- 
tion of their correfponding numbers. Or, if the terms 
of the ratios be placed fractioa-wile, then the addition 
or compofition of the ratios, is performed by multiply- 
ing the fractions together. 

Thus, the ratioof a : 4, orof 2; 4, 

added to the ratio of ¢ : dy orof 6: 8, 3 
makes the ratio of ac : bd, or of 12: 32; and fo 
the ratio of ac to dd is faid to be compounded of the 
ratios of a to.b, andc tod. So likewile, if it were re- 
quired to compound together the three ratios, viz, of a 
to b, ¢ to d, and eto /; then 5X GG= ip are the 
terms of the compound ratio; or the ratio of ace to df 
is compounded, or made up of the ratios of a to 4,.¢ to. 
d, and ¢ to f. 

Hence, if the confequent of each ratio be the fame as 
the antecedent of the preceding ratio, then is the ratio 
of the firft term to the laft, compounded, or made up of _ 
all the other ratios, viz, the ratio of @ to ¢ equal to the 
fum of all the ratios of a to 4, of éto t, of cto d, and 
of dtoe; fore eyes the terms or expo- 

°c dee 
nents of the compounded ratio. 


Hence 
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* Hence alfo, in a feries of continual proportionals, 
sthe ratio of the firft term to the third is double of the 
ratio of the firft to the fecond, 

and the ratio of the 1ft to the 4th istriple of it, 
_and the ratio of the-1ft to-the-sth is quadruple of it, 
and fy.on; that is, the exponents are double, triple, 
«quadruple, &c, of the firt exponent : as in the feries 

1, 4, at, a3, at, &cy where the ratio 1 to ais double, 
- of 1.to a3 triple, &e, of the tatio of 1 to a; or the ex- 
penne of a*, a3, at, &c, double, triple, quadruple, &c, 
of a. : 

COMPOUND Inwrerest, called alfo Jutereff upon 
_datereft, is that which is reckoned not only upon the 
_principal, but upon the intereft itfelf forborn, which thus 
becomes a fort of fecondary principal. 

If r be the amount of 1 pound for 1 year, that is 

the fum of the principal and interelt together for one 
year; then is r? the amount for 2 years, 
and r3 the amount for 3 years, 
-and in general rt the an.ount for # years ; that is rt is 
‘the fum or total amount of all rhe principals and in- 
terelts together of 11. for the whole time or number of 
“years t; confequently, if p be any other principal fum, 
‘forborn for ¢ years, then its amount iu that time at com- 
“pound intereft, is a = prt. 

The Rulz therefore in words is this, to, one pound 
-add its intereft for one yea’, or half year, or for the firit 

-time at which the intereft is reckoned ; raife the fum r 
-to the power denoted by the time or number of terms 5 
“then this power multiplied by the principal, or firit 





* fam lent, will produce the whole amount, 


For example, To find how much sol. will amount 
to in 5 years at §. per cent. per annum, compound 
‘intere(t, ——Here the intereft of 11. for 1 year is 
“og, and therefore r = 1°05. _ ; hence the sth power 
~of it for 5 years, is r§ 1127628 &c; 

-multiply this by p or - ‘50 
gives the amount prt or 63°8141. 
vor 631. 168. 33d. for the amount fought. 

But Compound Intereft is beft computed by means 
-of fuch a table as the féllowing, being the amounts of 
1 pound for any number of years, and at feveral rates 
of compound intereft. 

As an example of the ufe of this table, fuppofe it 
“were required to find the amount of 25ol. for 35 years 
at 4 per cent. compound intereft. 

Jn the column of 4 per cent, and line of 35 years, 





ane wor - ° 3794609, 
which multiplied by the principal - 250 
gives - - - - 98652250 
or * * * 


= 986/ 105 534, 

which is the amount fought. . 

Note, By a bare mfpection of this table, it appears 
how many years are required for any fum of money to 
double itelf, at any rate of compound intereft ; viz, 
by looking in the columns when the amount becomes 
the number 2. So it is found that at the feveral rates 
the refpective times requifite for doubling any fum, 
are nearly thus: viz, 

Rate 3 31 4 4: 5 6 

Years 23 203 17% 153 14h 120 ~ 
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TABLE of the Amount of 11, at Compound Intereft for many! 
Years and feveral Rates of Interett. 
Zf-at 3 per jat 34 perj at 4 per |at 4} pery at 5 per 
#) cent | cent cent vent cent 
3] £03000} 4 *03500| 1*ogo00!1 "Oggor] 1°OS000) T 
211 06090] 1+07123) 1 °o8160|1°0G203} 1° 10250) 1 
3] rog273lt 10872) 6° 124S6[trgrrg] 1715763) 1° 
Qlerrzsstjarr47s2| te r6g86lr°1g2g2) 27551) 7 
876: 21665|¢*24618 1'27628] 1 
5}1 229261 +266 3211730226) 1° 34010) 
17272281 1°31593|1* 36086} 
1731681 122 1e 
1g86rc 
1" 55297) 
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710341 1°89330 
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1 56396! 
1761869, 
“67535)4° 
1°73399| 
17|3°65236/0°79468; 1°94790/2°11338} 
138) r7ozg3it *85749|2-02582.2° 20848) 
19]1°75351/X°922 Sc]2" 20685 }2 * 30786 
20]1°80611;1°939791 2° 1g1Tz/2"4II7F 
'2°05943|2°27877:2 *52024 
22] tg 16LO}2° 1315112" 369922 63365, 
2311°97359|2°20611)2°46472/2° 75217 
24]2+03279'2°233 3312 °§6330|2°87601 
12 +36324)2°66584'3' 00543 
2797247|3" 14068 
28333713 728207 
2°9987013°4297! 
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80679) 3/24340)3°74532 
279050313" 3713/3" 91386) 
376007113 + 50806!4"08998 
3° 11194) 3°6g833/4° 27403 

3° 22086) 3-794 321446630) 5*25335] 7725103 
3°4502 714° 103931487738 52 182 
3°§710314+26809;5 69086) 6:08141 
3769601/4+4 3881/5 °32622| 6+ 38548] g° 15425 
3°82537 6+ 70475) 9° 
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COMPOUND Motion, that motion which is the 
effeét of feveral confpiring powers or_forces, viz, fuch 
forces as are not direatly oppofite to each other: as 
when the radius of a circle is confidered as revolving 
about a centre, and at the fame time a point as mov- 
ing ftraight along its which produces a kind of a 
fpiral for the path of the point. And hence it is eafily 
perceived, that all curvilinear motion is compound, or 
the effec of.two or more foray ; although every com- 
pound motion is not curvilinear. 

It is a popular theorem in Mechanics, that in uni- 
form compound motions, the velocity produced by the 
confpiring powers or forces, is to that of either of the 
two compounding powers feparately, as the digganel 

e 
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of a parallelogram, according to the direétion. of whofe 
fides. they a&t feparately, is to cither of the fides. See 
Comrosition of Motion, and Conrisron. 

Compounn Numbers, thofe compofed of the mul- 
tiplication of two or more numbers; as 12, compofed 
of 3times 4. See Comrosire. : . 

Compounn Pendulum, that which confifts of feveral 
weights conftantly keeping the fame diftance, both 
from each other, and from the centre about which they 
vicillate, : 

Compound Quantities, are fuch as are conneéted 
together by the figns + or—. Thus,a + d,ora—c+d, 
Or aa — 2a, are compound quantities, 

Compound quantities are diftinguifhed into binomials, 
trinomials, quadrinomials, &c, according to the num- 
ber of terms in them; viz, the binomial having two 
terms; the trinomial, three ; the quadrinomial, 4; &c. 
Alfe, thofe that have more than two terms, are called 
by the general name of multinomials, as alfo polyno- 
mials, 

Compounn Ratio, is that which is made by adding 
two or more ratios together; viz, by multiplying all 
their antecedents together for the antecedent, and all 
the confequents together for the confequent of the 
compound ratio. So 6 to 72 is a ratio compounded of 
. 3 


: 6 2 
the ratios of 2 to 6, and 3 to 12; becaufe moe 5 


é 
alfo ab to cd isa ratio compounded of the ratio of 
ato c, and 3 tod; for pe ox =. See Comrosi- 
cdc ad 
tion of Ratios. 

COMPRESSION, the a& of prefling, or fqueezing 
fomething, fo as to bring its parts nearer together, and 

emake it occupy lefs fpace. 

Compreffion differs from condenfation as the caufe 
from the effect, compreffion being the action of any 
force on a body, without regarding its cffects; whereas 
condenfation denotes the ftate of a body that is a@u- 


ally reduced into a lefs bulk, and is an effeét of ‘com- ‘ 


preffion, though it may be effcéted alfo by other means. 
Neverthelefs, compreflion and condenfation are often 
confounded, 

Pumps, which the ancicnts imagined to aé&t by fuc- 
tion, do in reality a€t by compreffion ; the piften, in 
working in the narrow pipe, compreffes the inclofed 
“air, fo as to enable it, by the force of its increafed elaf- 
ticity, to raife the valve, and make its efcape ; upon 
which, the balance being deftroyed, the preffure of the 
atmofphere on the flagnant furface, forces up the water 
in the pipe, thus evacuated of its air. 

It was long thought that water was not compreflible 
into lefs bulk : and it was believed, till lately, that after 
the air had been purged out of it, no art or violence was 
able to prefs it into lefs fpace. In an experiment made 
by the Academy del Cimento, water, when violently 
fqueezed, made its way through the fine pores of a 
abe of gold, rather than yield to the compreffion, 

But the ingenious Mr. Canton, attentively confi- 
dering this experiment, found that it was not fuf- 
ficiently accurate to juftify the conclufion which had 
always been drawn from it; fince the Florentine phi- 


lofophers had no method of determining that the al-_ 


teration of figure in their globe of gold, occafioned 
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fuch a diminution of its internal capacity, af was ex-- 
a@tly equal to the quantity of water. forced into its- 
pores. To bring this matter therefore’to a more ac- 
curate and decifive trial, he procured a fmall glafs tube 
of about two feet long, with a ball at one end, of an 
inch and a quarter in diameter. Having filled the ball. 
and part of the tube with mercury, and brought it exe 
adtly to the heat of 50° of Fabrenheit’s thermometer, 
he marked the place where the mercury ftood in. the. 
tube, which was about fix inches and a half above the 
ball ; he then raifed the mercury by heat to the top of 
the tube, and there fealed the tube hermetically ; then 
upon reducing the mercury to the fame degree of heat 
as before, it Rood in the tube 74%, of an inch higher 
than the mark. The fame experiment was repeated 
with water exhaufted of air, inflead of mercury, and the 
water ftood in the tube 43; of an inch above the mark. 
Since the weight of the atmofphere on the outlide of 
the ball, without ary counterbalance from within, will- 
comprefs the ball, and equally raife both the mercury”: 
and water, it appears thatthe water expands j'y'g of an 
inch more than the mercury by removing the weight . 
of the atmofphere. Having thus determined that water 
is really compreffible, he proceeded to eftimate the de- 

ree oh compreliion correfponding to any given weight. . 

‘or this purpofe he prepared another ball, with a - 
tube joined to it ; and finding that the mercury in yy 
of an inch of the tube was the hundred thoufandth + 
part of that contained in the ball, he divided the tube : 
accordingly. He then filled the ball and part of the 
tube with water exhaulted of air; and leaving the tube - 
open, placed this apparatus under the receiver of an 
air-pump, and obferved the degree of expanfion of the + 
water anfwering to any degree of rarefaction of the 
air: and again by putting it into the glafe receiver of 
a condenfing engine, he noted the degree of com- 
preffion of the water correfponding to any degree of 
condenfation of the air. * He thus found, by repeated 
trials, that, in a temperature of 50°, and when the 
mercury has been at its mean height in the barométer,. . 
the water expands one part in 217403 and is as much 
compreffed by the weight of an additional atmofphere ; + 
or the compreffion of water by twice the weight of the 
atmofphere, is one part in 10870 of its whole bulk. . 
Should it be obje€ted, that the compreffibility of the 
water was owing to any air which it might be {uppofed + 
to coniain, he anfwers, that more air would make it ; 
more compreflible ; he therefore let inte the ball a bub- 
ble of air, and found that .the water was not more 
compreffed by the fame weight than before. 

Io fome farther experiments of the fame kind, Mr, 
Canton found that water is more compreffible in winter 
than in fummer ; but he obferved the contrary in fpirit 
of wine, and oil of olives. 

The following table was formed, when the barometer 
was at 29 inches and a half, and the thermometer at 
50 degrees, 


Comprefon of Millionth Spec. 

parts. gray, 
Spirit of wine - 66.—=«C- 846 
Oil of olives - 48 - 918 
Rain water - 46 - 1000 
Sea water - 4o - 1028 
Mercury - 3 + = 13595 


€oOR 
He infers ‘that thefe fidids are not only. camprefEble, 


but claitic ; and that the compreflions of them, by the 
fame weight, are not in the inverfe tatio of their den- 


fities, or {pecific gravities, as might be fuppofed. Phil.’ 


Tranf. vol. lii, 1762. art. 103. and vol. liv, 1764. 


arte 47. 
The compreffion of the air, by its own weight, is 
furprifingly great: but the.air may be fill further 
comprefled by art. See Elafficity of Arr. 

This immenfe compreffiog and dilatation, Newton 
obferves, cannot be accounted for in any other wayy 
but by a repelling force, with which the particles of 
air are endued ; by virtue of which, when at liberty, 
they mutually fly cach other. 

This repelling power, he adds, is ftronger and more 
fenfible in air, than in other bodies ; becaufe air is ge- 
nerated out of very fixed bodies, but not without great 
difficulty, and by the help of fermentation: now thofe 
particles always recede from.each other with the great- 
eft violence, and are compreffed with the greatelt dif- 
‘ficulty, which, when contiguous, cohere the moft 
ftrongly. Sce Arr, ATTRACTION, Congsion, Di- 
wavarion, and Rerutsion, 

COMPUTATION, the manner of accounting and 
-etimating time, weights, imeafures, money, &c. See 
Catcutation, which it is alfo ufed for. ; 

CONCAVE, an appellation ufed in {peaking of the 
inner furface of hollow bodies, more efpecially of {phe- 
aical or circular ones. 

Concave giaffes, lenfes, and mirfors, have either 
one fide or both fides concave. 

The property of “all concave lenfes is, that the rays 
of light, in palling through them, are defle&ted,, or 
made to recede from one another 3 as in convex lenfes 
they are infleted towards cach other; and that the 
more as the concavity or convexity has a fmaller radius. 
Hence parallel ravs, as thofe of the fun, by paffing 
through a concave lens, become diverging ; diverging 
rays are made to diverge more 5 aud converging rays 
are made either to converge lefs,, or to become parallel, 
or go.out diverging. And hence it is, that objects 
viewed through concave: lenfes, appear diminifhed ; 
‘and the more fo, as they aré portions of lefs fpheres. 

» See Lens. . 

Concave mirrors have the contrary effect to lenfes: 

they refleét the rays which fall on them, fo as to make 

- them approach more to, or recede from each other, 
than before, according to the fituation of the object ; 
and that the more aa the concavity is greater, or as the 
radius of concavity is lefs, Hence it is that concave 
mirrors magnifying objects that are prefented to them ; 
and that in a greater proportion, as they are portions 
of greater fpheres. And hence alfo concave mirrors 
Have the eHe& of burning glaffes. See Mirror, and 
Burnine Grass. © 

CONCAVITY, that fide of a figure or body which 
is hollow. 

‘An arch of a curve: has its concavity turned all one 
way, when the right lines that join any two of its 
points are all on the fame fide of the arch. 

Archimedes, intending to include in his definition 
fuch lines as have reétilinear parts, fays, a line has its 
coneavity turned one way, when the right lines that 


join any two of its points, are either all upon one fide | 
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of it, or while fome fall upon the line itlelf, none fall 
Lay the .appofite fide. Archim. de Sphar. et Cyl. 
2, and Maclaurin’s Fluxions, art. 180. 

When two lines that have their concavity turned the 
fame way, have the fame extremes, and the one in- 
cludes the other, or has its concavity towards it, the 
perimeter of that which includcs, is greater than that 
which is included. Archim. ib. ax. 2, 

CONCENTRIC, having the fame centre. It is op- 
pofed to excentric, or having different centres. 

The word is chiefly ufed in fpeaking of round bodies 
and figures, fuch as circular, and elliptic ones; but 
it may likewife be ufed for polygons that are drawn 
parallel to each other, from the fame centre. 

Nonnius’s method of graduating initruments confilts 
in defcribing with the fame quadrant 45 concentric 
arches, dividing the outermott into go equal parts, 
the next into 89, and fo on. 

CONCHOID, or Concuiies, the name of a curve 
invented by Nicomedes. It was much ufed by the ai- 
cients in the conftruétion of folid problems, as appears 
by what Pappus fays. 

It is thus conftrnéted : AP and BD being two lines 
interfeéting at right angles; from P draw a number 
of other lines PFDE, &c, on which take always DE == 
DF = AB or BC; fo fhall the curve line drawn 
through all the points E, E, E, be the firft conchoid, 
or that of Nicomedes; and the curve drawn through 
all the other points 1", F, I’, is called the fecond con- 
choid; though ‘in reality, they are both but parts of 
the fame curve, having the fame pole P, and four in~ 
finite legs, to which the line DBD is a common alymp- 
tote. 











The inventor, Nicomedes, contrived an infirument 
for defcribing his conchoid by a mechanical motion: 
thus, in the rule AD is a channel or groove cut, fo 
that a fmooth nail, firmly fixed in the moveable rule 
CB, in the point F, may flide freely within it: into the 
rule EG is fixed another nail at K, for the moveable 
rule CB to flide upon. If therefore the rule BC be fo 


-moved, as that the nail F paffés along the canal AD ; 


the flyle, or point in C, will defcribe the firft con- 
choid. 

TO determine the equation of the curve: put AB 
2 BC = DE = DF = 4, PB=4,3BG = FH =, 
and GE = BH = 9; then the equation to the firft con- 

: choid 
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‘choid will bex® x BF xl + 229? =a? xB + wit, 
cor x* sp 2bx3 $ 2 xt nt y? = 07h? 4 2a%bx + atx; 
and, changing only the fign of x, as being negative 
in the other curve, the equation to the 2d conchoid 
will be x* x 5 = xl? 4- x*y? = a? x 6 — a), or 

xt — 2bx3 4 bx? 4 x29? = al? — 2a7bx + ax? 

Of the whole conchoid, exprefled by thefe two equa- 
tions, or rather one equation only, with different figns, 
there are three cafes or fpecies} as firft, 
when BC is lefs than BP, the conchoid will be as in fig. 15 
when BCis equal to BP, the conchoid will be as in fig. 2 ; 
and when BC is greater than BP, the conchoid will be 
as in fig. 3. 2 Z 

Newton approves of the ufe of the conchoid for tri- 
feéting angles, or finding two mean proportionals, or 
for conftru€ting other folid problems. Thus, in the 
Linear Conftruétion of equations, towards the end of his 
Univerfal Arithmetic, he fays, “ The antients at firft 
endeavoured in vain at the trife€tion of an angle, and 
the finding of two mean proportionals by a right line 
anda circle. Afterwards they began to confider feve- 
‘yal other lines, as the conchoid, the ciffoid, and the conic 
‘feétions, and by fome of thefe to folve thefe problems.”” 
Again, “ Either therefore the trochoid is not to be ad- 
mitted at all into geometry, or elfe, in the conftruction of 
‘problems, it is to be preferred to all lines of a more diffi- 
cult defcription : and there is the fame reafon for other 
“curves; for which reafon we approve of the trifections of 
an angle by a conchoid, which Archimedes in his Lem- 
mas, and Pappus in his ColleGtions, have preferred to the 
inventions op all others in this cafe ; becaufe we ought 
either to exclude all lines, befides the circle and right line, 
out of geometry, or admit them according to, the fimplici- 
tyof their defcriptions, in which cafe the conchoid yields 
to none, except the circle.” Liaftly, «That is arith- 
metically more fimple which is determined by the more 
fimple equations, bit that is geometrically more fimple 
which is determined by the more fimple drawing of lines; 
and in geometry, that ought tobe reckdned beit which 
is geometrically moft fimple : wherefore I ought not to 
be blamed, if, with that prince of mathematicians, 
Archimedes, and other antients, I make ufe of the ‘con- 
choid for the conftruétion of folid problems,”” 

CONCRETE Numbers are thofe that are applied to 
exprefs or denote any particular fubject ; as 3 men, 2 
pounds, &c. Whereas, if nothing be connected witha 
number, it is taken abftractedly or univerfally: thus, 
4 fignifies only an aggregate of 4 units, without any 
regard to a particular fubje&t, whether men or pounds, 
orany thing elfe. : 

CONCURRING, ’or,Concruenr Figures, in Geo- 
metry, are fueh as, being laid upon one another, do ex- 
‘atly correfpond to, and cover one another, and confe- 
‘quently muft be equal among themfelves, “Thus, tri- 
angles having two .fides and the contained angle equal, 
each to each, are equal to each other in all refpects, 

CONDENSATION, is the compreffing or reducing 
of a body into a lefs bulk or fpace; by which means it 
is rendered more denfe and cempact. j 

Wolfius, and fome other writers, reftrain the ufe of 
‘the word conden/ation to the a€tion of cold: that which 
is done by external application, they call compreffion. 

Coenen however, in general, confifts in bring- 

ous I, : 
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ing the parts clofer to. each otherg and increafing their 
contaét, whatever be the-means by which it is effeted: 
in appofition to rarefaétion, which renders the body 
lighter and loofer, by fetting the parts farther afunder, 
and diminifhing their contadt, and of confequence their 
cohefion, : 

Air eafily condenfes, either by cold, or-by preffure, 
but much more by the latter; but moft of all by che- 
tical procefs. Water condenfes alfo both by cold and 
by preffure ; but it fuddenly expands by congelation : 
indeed almoft all matter, hoth folids and fluids, has 
the famé property of condenfation by thofe means, 
See Compression. So-alfo vapour is condenfed, or 
converted into water, by diftillation, or naturally in the 
clouds. ‘Fhe way in which vapour commonly conden- 
fes, is by the application of fome cold fubitance, On 
touching it, the vapour parts with its heat which it 
had before abforbed : and on doing fo, it immediately 
lofes the proper characteriltics of vapour, and becomes 
water. But though this be the moft common and ufual 
way in which we obferve vapour to be condenfed, na- 
ture certainly proceeds after another manner ; fince we 
eften obferve the vapours moft plentifully condenfed 
when the weather is really warmer than at other times. 

CONDENSER, a pneumatic engine, or-fyringe, by 
which an extraordinary quantity of air may be crowded 
or pufhed into a given fpace ; fo that frequently ten at- 
mofpheres, or ten times as much wir as the fpace na- 
turally contains, without the engine, may be thrown in 
by means of it, and its egrefs prevented by valves pro- 
perly difpofed, 

The condenfer is made either of metal, or glafs, and 
either in a-cylindrical or globular form, into which the’ 
air is thrown with an injecting fyringe. 

The receiver, or veffel containing the condenfed air, 
fhould be made very ftrong, to bear the force of the 
air’s elafticity thus ‘ncreated; for which reafon it is , 
commonly made of brafs. When glafs is ufed, it will 
not bear fo great a condenfation of air; but then’ the 
experiment will be more entertaining, as the effect may 
be viewed of the condenfed air upon any fubjec put 
within it. q : 

CONDUCTOR, in Eleétricity, a term firft intro- 
duced in this f{cience by Dr. Defaguliers, and ufed to 
denote thofe fubftances which are capable of receiving 
and tranfmitting eleGtricity ; in oppofition to eletrics, 
in which the mattey or virtue of ele@ricity may be ex- 
cited and accumulated, or retained. The former-are 
alfo ‘called non-eleGrics, and the latter non-conduiors. 
And all bodies are ranked under one or other of thefe* 
‘two claffes, though none of them are perfed clerics, nor 
perfed conduédtors, fo as wholly to retain, or freely and 
without refiftance to tranfmit the eleftric fluid. 

To the clafs of conduétors, belong all metals and 
‘femi-metals, ores, and all fluids (except air and oils), to- 
gether with the fubftances corftaining them, the ‘cflu-- 
via of flaming bodies, ice (unlefs very hard frozen), and 
fhow, moft Eine and ftony fubitances, charcoals, of 
which the beit are thofe that have been expofed to the 
greateft heat, fmoke, and the vapour of hot water. 

It feems probable that the electric fluid paffes through 
the fubftance, and not merely over the furfaces of me- 
tallic conduétors ; becaufe, if a wire of any kind of 
metal be covered with fome ele@ric fubftance, .as refin, 

Te : fealing. 
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fealing-wax, &c, and a jar be difcharged through it, the 
charge will be condo ed as well as without the elee- 
tric coating. 

It has aio heen alleged, that eleCrricity will pervade 
avacuum, and be tranfmitted through it almoit as free- 
ly as through the fubftance of the beft conductor : 
‘bot Mr. Walth found, that the ele€tric fpark or fhock 
would no more pafs through a perfe& vacuum, than 
through a ftick of folid glafs. In other inftances how- 
ever, when the vacuum has been made with ail poffible 
tare, the experiment has not fucceeded. 

It may alfo be obferved, that many of the foremen- 
tioned fubfances are capable of being electrified, and 
that their conduéting power may be deftroyed and re- 
covered by different proceffes: for example, green wood 
is a conduétor ;_ but baked, it becomes a non-conduc- 

_ tor ragain its conduéting power is reftored by charring 
its and laftly it is deftroyed by reducing this to afhes. 

Again, many éle@tric fubftances, as glafs, refin, air, 
&c, become conduétors by being made very hot : How- 
ever, air heated by glafs muft be excepted, 

See, on this fubjeét, Prieftley’s Hi. of EleGricity, 

-yol. 13 Franklin’s Letters &c, pa. 96 and 262 edit. 
1769; Cavallo’s Complete Treat. of Ele&tr. chap. 2 5 
Henley’s Exper. and Obfer. in Eleétr. alfo Philof, 
Tranf. vol. 67 pa. 1225 and elfewhere in thé different 
volumes of the Tranfactions. 

Prime Convu cror, is an infulated conductor, fo con- 
neGted with the electrical machine, as to receive the 
eledtricity immediately from the excited eleCtric. 

Mr. Grey firft employed metallic conduétors in this 
way, in 17343 and thele were feveral pieces of metal 
fufpended on filken ftrings, which he charged with 
tleGtricity. Mr.-Du Fay faftened to the end of an irén 

’ ‘bar, which he ufed as his prime conduétor, a bundle 
of linen threads, to which he applied the excited tube : 
put thefe were afterwards changed for fmall wires fuf- 
pended from a common gun-barrel, or other metallic 
rod. 

In the prefent advanced ftate of the fcience, this part 
of the electrical apparatus has been confiderably im- 
proved. ‘The prime condu@tor is made of hollow brafs, 
and-ufually of a cylindrical form. Care fhould be 
taken, that it be perfectly. fmooth and round, with- 
out points and fharp edges. The ends of the conduc- 
tor are {pherical ; and it is neceffary, that the part molt 
yemote from the eleGtric fhould be made round and much 
larger than the reft, the better to prevent the eledtric 
matter from efcaping, which it always eadeavours moft 
todo at the greatelt diftance from the eleétric: and 
the other end thould be furnifhed with feveral pointed 
wires-or “needles, either fufpended from, or fixed to an 
open metallic ring, and pointing to the lobe or cylin- 
der, or plate, to colle@ the fire. It is Fen fupported 
by pillars of folid glafs, covered with fealing-wax or 
~ good varnifh. Prime condutors of a large fize are 
wudlly ‘made of pafte-board, covered with tin-foil or 
gilt paper 5 thefe being ufeful for throwing off 2 longer 
and denfer fpark than thofe of a fmaller fize: they 
fhould terminate in a {maller‘knob or obtufe edge, at 
which the fparks thould be folicited. Mr. Nairne pre- 
pared a conduGor 6 feet in length, and 1 foot in dia- 
‘meter, from which he drew eleGtrical {parks at the dif- 
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Rill far exceeded this, with a conductor of 8 inches dias 
meter, and upwards of 20 feet long, formed of different 
pieces, and applied to the large electrical machine in 
Teyler’s Muteum at Harlem, the moft powerful ma- 
chine of the kind ever yet conftruéted. But the fize of 
the conductor is always limited by that of the electric, 
there being a maximum which the fize of the former 
fhould not exceed ; for it may be fo large, that the dif. 
fipation of the elericity from its furface may be 
greater than that which the electric is capable of fup-~ 
plying. " 

Dr. Prieftley recommends a prime conductor of po- 
lithed copper, in the form of a pear, fupported by a pil- 
lar anda firm bafis of baked wood : this receives its fire 
by along arched wire of foft brafs, which may be eafily 
bent, and raifed or lowered to the globe : it is terminat- 
ed by an open ring, in which fome fharp-pointed wires 
are hung. In the body of this conductor are holes for 
the infeftion of metalline rods. This, he fays, collects 
the fire perfe€tly well, and retains it equally everywhere. 
Philof. Tranf. vol. 64, art. 7. Hift. Ele&. vol. 2, § 2. 

Mr. Henly has contrived a new kind of prime con- 
dutor, which, from its ufe, is called the duminous con- 
du@or. It confifts of a glafs tube 18 inches long, and 
2 inches diameter. The tube is furnifhed at both ends 
with brafs caps and ferules about 2 inches long, cement~ 
ed and made air-tight, and terminated by brafe balls, 
In one of thefe caps is drilled a fmall hole, which is co- 
vered by a ftrong valve, and ferves for exhaufting the 
tube of its air. Within the tube at each end there is 
aknobbed wire, projecting to the diftance of 2 inches 
and a half from the brafs caps. To one of the balls is 
annexed a fine-pointed wire for receiving and colleGting 
the eleétricity, and to the other a wire with a knob or 
ball for difcharging it. The conductor, thus prepared, 
is fupported on pu lars of fealing-wax or glafs. Befde 
the common purpofes of a prime conduétor to an elec« 
trical machine, this apparatus ferves to exhibit and af 
certain the dire€tion of the ele€tric matter in its paffage 
through it. See a figure of this conductor in the 
Philof. Tranf. with a defcription of experiments, &c. 
with it, vol. 64, pa. 403. 

Connucrors of Lightning, are pointed metallic rods 
fixed to the upper parts of buildings, to fecure them 
from ftrokes of lightning. Thefe were invented and 
propofed by Dr. Franklin for this purpofe, foon aftér 
the identity of eledtricity and lightning was afcertaineds 
and they-exhibit a very important and ufeful application 
of modern difcoveries in this feience. This ingenious 
philofopher, having found that pointed bodies are bet- 
ter fitted for receiving and throwing off the electric fire, 
than fuch as are terminated by blunt ends or flat fur~ 
faces, and that metals are the readieft and beft conduc- 
tors, foon difcovered that lightning and electricity re- 
fembled each other in this and other diftinguifhing pro- 
perties: he therefore recommended a pointed metalline 
rod, to be raifed fome feet above the higheft part of a 
building, and to be continued down into the ground, or 
the neareft water. The lightning, fhould it ever come 
within a certain diftance of this rod or wire, would be- 


attraGted by it, and pafs through it preferably to 


any other part of the building, and be conveyed into 
the earth or water, and there diflipated, without doing 
any damage to the building. Many fa@ts have occur- 
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red fo evince the utility of this ve and feemingly 
trifling apparatus. And yet feme ele: ricians, of whom 
Mr. Wilton was the chic, have objected to the pointed 
termination of this conductor ; preferring rather # blunt 
end: becaufe, they pretend, a point invites the elec- 
tricity from the clouds, and attracts it at a greater dif- 
tance than a blunt condu€tor. Philof. Tranf. vol. 54, 
pa. 224; vol. 63, pa. 49 5 and vol. 68, pa. 232. 

This fubjeét has indeed been very accurately examin- 
edand difcuffed; and pointed conduétors are almoft uni- 
verfally, and for the beft reafons, recommended as the 
moft proper and eligible. A. fharp-pointed condu€or, 
as it attra@’s the eleétric fire of a cloud at a greater. dif- 
tance than the other, draws it off gradually : and by 
conveying it away gently, and in a continued ftream, 
prevents an accumulation and a ftroke ; whereas a con- 
ductor with a blunt terraination reccives the whole dif- 
charge of a cloud at once, and is much more likely to 
be exploded, whenever a cloud comes within a ftrik- 
ing diftance. To this may be added experience ; for 
buildings guarded by cither natural or artificial conduc- 
tors termmating in a point, have very feldom ‘been 
ftruck by lightning ; but others, having flat or blunt 
terminations, have often been ftruck and damaged by 
it. 

The beft conduétor for this purpofe, is a rod of iron, 
or rather of copper, as being a better conductor of elec- 
tricity, and lefs liable to ruft, about 3 quarters of an inch 
thick, which is either to be faftened to the walls of a 
building by wooden cramps, or fupported by wooden 
pofts, at the diftance of a foot or two from the wall ; 
though lefs may do: the upper end of it fhould ter- 
minate in a pyramidal form, with a fharp point and 
edges ; and, when made of iron, gilt or painted near 
the top, or elfe pointed with copper ; and be elevated 5 
vor 6 feet above the highelt part of the building, or 
chimneys, to which it may-be faftened. The lower end 
‘hould be driven 5 or 6 feet into the ground, and di- 
re€ted away from the foundations of the building, or 
continued till it communicates with the neareft water : 
and if this part be made of lead, it will be lefs apt to 
decay. When the conduétor is formed of different 
pieces of metal, care fhould be taken that they are 
well joined : and it is farther recommended, that a com- 
munication be made from the conductor by plates of 
lead, 8 or 10 inches broad, with the lead on the ridges 

. and gutters, and with the pipes that carry down the rain 
water, which fhould be continued to the bottom of the 
building, and be made to communicate cithcr with wa- 
ter or moaift earth, or with the main pipe which ferves 
the houfe with water. Ifthe building be large, two, 
three, or more conductors fhould be applied to differ- 
ent parts of it, in proportion to its extent. Philof. 
Tranf. vol. 64, pa. 453. 

Chains have been ufed as conduétors for preferving 
fhips; but as the ele@tric matter does not pafs readily 
through the links of it, copper wires, a little thicker 
than a goofe quill, have been preferred, and are now 
generally ufed. They fhould reach 2 or 3 feet above 
the higheft malt, and be continued down in any con- 
venient dire€tion, fo as always to touch the fea water. 

- Philof. Tranf. vo]. 52, pa. 633. See alfo Franklin’s 
Letters &c 1769, pa. 65, 124, 479, &c ; and Cavailo’s 
EleGr. chap. 9. : 
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For the Eoufrefian and management Bf El@rical 
Kites, and Condu&tors qx Machines for drawing cle€tricity 
from the clouds, fee Pricfiley’s Hift. of Electr, vol. 2, 
pa. 103 edit. 1775. 

CONE, a kind of round pyramid, or a folid body 
having a circle for its bafe, and its fides formed by right 
lines drawn from the cifcumference of the bale toa 
point at top, being the vertex or apex of the cone. 

Euclid defines a cone to be a {olid figure, whofe 
bafe is a circle, and is produced by the entire revolution 
of a right-angled triangle about its perpendicular Jeg, 
called the axis of the cone, If this leg, or axis, be 
greater than the bafe of the triangle, or radius of the 
circular bafe of the cone, then the cone is acute-angled, 
that is, the angle at its vertex is an acute angle; but if 
the axis be lefs than the radius of the bafe, it is an obtu/e~ 
angled cone; and if they are equal, it isa right-angled 
cone. 

But Euclid’s definition only extends to a right cone, 
that is, to acone whofe axis is perpendicular or at right- 
angles to its bafe; and not to oblique ones, in which 
the axis is oblique to the bafe, the general definition, or 
defcription of which may be this: 
if a line VA continually pafe bi 
through the point V, turning up- 
on that point as a joint, and the 
lower part of it be carried round 
the circumference ABC of a cir- Vv 
cle ; then the fpace inclofed be- 
tween that circle and the path of 
the line, is'a cone. The circle 
ABC is the bafe of the cone; 

V is its vertex ; and the line VD, B 
from the vertex to the centre of the C 

bafe, is the axis of the cone. Alfo the other past of the 
revolving line, produced above V, will deferibé another 
cone Vacb, called the oppofite cone, and having the 
fame common axis produced DV¢, and vertex V. 

Properties of the Cont.—1. The area or furface of 
every right cone, exclufive of its bafe, is equal to a - 
triangle’ whofe bafe is the periphery, and ite height the, 
flant fide of the cone. Or, the curve fuferficies of a 
right cone, is to the area of its circular hafe, as the 
flant fide is to the radius of the bafe. And therefore, 
the fame curve furface of the cone is equal to the fector 
of a circle whofe radius is the flant fidey.and its arch 
equal to the circumference of the bafe of the cone. 

2, Every cone, whether right or oblique, is equal to 
one-third part of a cylinder of equal bafe and altitude; 
and Geen the folid content is found by multiplying 
the bafe by the altitude, and taking } of the product ; 
and hence alfo all cones of the fame.or equal bafe and 
altitude, are equal. 

3. Although the folidity of an es cone be ob- 
tained in the fame manner with that of a right ‘one, it 
is otherwife with regard to the furface, fince this can- 
not be reduced to the meafure of a fettor of a circle, be- 
caufe all the lines drawn from the vertex to the bale 
are not equal. See a Memoir on this fubjedt, by M. 
Euler, in the Nouv. Mem. de Peterfburgh vol. 1. Dr. 
Barrow has demonftrated, in his LeGiones Geometrice, 
that the folidity of a cone with an elliptic bafe, form. 


‘ing part of a right cone, is equal to the produd of its 
Pi 8 q P 


furface by a third part of one of the perpendiculara 
Ttz drawn - 
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drawn from the point in which the axis of the right cone 
interfeéts the ellipfe ; and that it is alfo equal to $ of 
the height of the cone multiplied by the elliptic bafe: 


confequen 


the cone, 
For the curve furface ofall the oblique parts of a cone, 
fee my Menfur. pa. 234 &c- 

To find the Curve Surface of the Fruftum of a Cone. 
Matiply half the fum of the circumferences of the two 
ends, by the flant fide, or diftance between thefe cir- 


cumferences, 


tly that the perpendicular is to the height of 
as the elliptic bafe is to the curve furface, 


5. For the Solidity of the Fruftum of a Cone, add into 
one fum the areas of the two ends and the mean pro- 
portional between them, multiply that fum by the 

erpendicular height, and 4 of the produc will be the 
folidity. See alfo my Menfuration, pa. 189. 

6. The Centre of Gravity of a cone is 3 of the 
axis diftant from the vertex. 

Cones of the Higher Kinds, are thofe whofe bafes are 
circles of the higher kinds ; and are generated, like the 
common cone, by conceiving a line turning on a point 
or vertex on high, and revolving round the circle of the 
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3. If the eutting plane pafs 
through the vertex of the cone, 
and any part of the bafe, the fec- 
tion will evidently be a sriangle 
as VAB. 


4..If the plane cut the cone 
parallel to the bafe, or make no 
angle with it, the {eétion will be 
a circle, as ABD. 


5. The feGion DAB is an ¢l- 
lipfe, when the cone is cut ob- 
Tiquely through both fides, or 
when the plane is inclined to the 
bafe in a lefs angle than the fide 
of the cone is. 


higher kind. 

Cone of Rays, in Optics, includes all the feveral rays 
which fall from any point of a radiant objet, on the 
furface of a glafs. © 

Double Cone, or Spindle, in Mechanics, is a fo- 
lid formed of two equal cones joined at their bafes. If 
this be laid on the lower part of two rulers, making an 
angle with each other, and elevated in a certain degree 
above the horizontal plane, the cones will roll up to- 
wards the raifed ends, and feem to afcend, though in 
reality its centre of gravity defcends perpendicularly 
Jower. 

CONFIGURATION, the exterior furface or fhape 
that bounds bodies, and gives them their particular 
figure. 

Conricuration of the planets, in Aftrology, isa 
certain diftance or fituation of the planets in the zodiac, 
by which- it is fuppofed that they affift or oppofe each 

* other. : 

CONFUSED Vifion. See Vision. 

. .CONGELATION, or Freezinc, the a&t of fixe 
ing the fluidity of any liquid, by cold, or the applica- 
tion of cold bodies :.in which it differs from coagula- 
tion, which is produced by other caufes. See Freez- 
inc, Frost, and Ick. 

CONGRUITY, in Geometry, is applied to lines 
and figures, which exaGly correfpond when laid over 
‘one another ; as'having the fame terms, or bounds, It 
ie affumed, as an axiom, that thofe things are equal and 
fimilar, between which there is a congruity. Euclid, 
and moft geometricians after him, demonttrate great , 
part of their elements from the principle of congruity + 
though Leibnitz and Wolfius fabftitute the notion of 
Similitude inftead of that of congruity. F 

CONIC Sections, are the figures made by cutting 
a cone by a:plane. ; 

+, Aiccording to the different pofitions of the cutting 
plane, there-arife five different figures or feétions, viz, a 
triangle, Heircle, an ellipfe, a parabola, and an byperbola s 
the laff three of which only are peculiarly called conic 
fedtions. 


6. The feétion is a parabola, 
when the cone is cut by.a plane 
parallel to the fide, or when the 
cutting pues and the fide of the 
cone make equal angles with the 
bafe. 


7. The feétion is an Ayperbola,. 
when the cutting plane makes a 
greater angle with the bafe than: 
the fide of the cone makes. And 
if the plane be continued to cut 
the oppofite cone, this latter fec- 
tion is called the oppofite hyper- 
bola to the former; as dBe. 

8. The vertices of any fection, 
are the points where the cutting 
plane meets the oppofite fides of 
the cone, or the fides of the verti- 
cal triangular fection; as A and BL 
—Hence, the ellipfe and the oppo+ 
fite hyperbolas have each two ver- 
tices; but the parabola only one; 
unlefs we confider the other as at,an infinite diftance. 

g. The axis, or tranfverfe diamerer of a conic fedtion, 
is the line or diftance AB between the vertices , 
Hence the axis of a parabola is infinite in length. 


Parabolae. 





Ellipfe. 


Oppof. Hyperb. 





10. The centre C is the middle of the axis.—Hence 
the centre of a parabola is infinitely diftant from the 
vertex. And of an ellipfe, the axis and centre lie with~ 
in the curve; but of.an hyperbola, without. 

. 1. A 
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wt. A Diameter is any right line, as AB or DE, 
drawn through the centre, and terminated on each fide 
By the curve: and the extremities of the diameter, or 
jts interfections with the curve, are its vertices.—Hence 
all the diameters of a parabola are parallel to the axis, 
and infinite in length; becanfe drawn through the 
centre, a point at an infinite diftance. And hence alfo 
every diameter of the’ ellipfe and hyperbola have two 
vertices ; but of the parabola, only one; unlefs we con- 
fider the other as at an infinite diftance. 

12. The conjugate to any diameter, is the line drawn 
through the centre, and parallel to the tangent of the 
curve at the vertex of the diameter. So FG, parallel 
to the tangent at D, is the conjugate to DE; andHI, 
parallel to the tangent at A, is the conjugate to AB, 
Hence the conjugate HI, of the axis AB, is perpen- 
dicular to it ; but the conjugates of other diameters are 
oblique to them. 

13. An ordinate to any diameter, is a line parallel to 
its conjugate, or to the tangent at its vertex, and ter- 
“ minated by the diameter and curve. So DK and EL 
are ordinates to the axis AB; and-MN and NO ordi- 
nates to the diameter DE.—Hence the ordinates of 
the axis are perpendicular to it; but of other diame- 
ters, the ordinates are oblique to them. 

14. An abjcifs is a part of any diameter, contain- 
ed between its vertex and an ordinate to it; as AK 
or BK, and DN or EN.—Hence, in the ellipfe and 
hyperbola, every ordinate has two abfciffes ; but in the 
echo? only one; the other vertex of the diameter 

cing infinitely diftant. 

15. The parameter of any diameter, is a third propor- 
tional to that diameter and its conjugate. 

16. The focus is the point in the axis where the or- 
dinate is equal to half the parameter: as K and L, 
where DK or EL is equal to the femiparameter.—— 
Hence, the ellipfe and hyperbola have each two foci ; 
but the parabola only one.——The foci, or burning 
points, were fo called, becaufe all rays are united or re- 
flected into one of them, which proceed from the other 
focus, and are refleted from the curve. 





b K 


17. If DAE, FBG be two oppofite hyperbolas, 
having AB for their firft or tranfverfe axis, and ab 
for their fecond or conjugate axis; and if dae, fbg be 
two other oppofite hyperbolas, having the fame axis, 
put in the contrary order, viz, ad their firit axis, and 
AB their fecond; then thefe two latter curves daz, 

bg, are called the conjugate Ayperbolas to the two former 
DAE, FBG; and each pair of oppofite curves mutu- 
ally conjugate to the other. 

18. And if tangents be drawn to the four vertices of 
the curves, or extremities of the axis, forming the in- 
feribed re€tangle HIK L ; the diagonals HCK and ICL, 
ef this reGangle, are called the a/ymptotes of the curves. 

19. Scholium, The reCtangle infcyibed between the 
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four conjugate hyperbolag, is fimilar to a reGtangle cir- 
cumfcribed about an ellipfe, by drawing tangents, in 
like manner, to the four extremities of the two axes ; 
alfo the afymptotes or diagonals in the hyperbola, are 
analogous to thofe in the ellipfe, datig ti curve in 
fimilar points, and making the pair of equal conjugate 
diameters. Moreover, the whole figure, formed by the 
four hyperbolas, is, as it were, an ellipfe turned infide 
out, cut open at the extremities D, E, F, G, of the 
faid equal conjugate diameters, and thofe four points 
drawn out to an infinite diftance, the curvature being 
turned the contrary way, but the axes, and the reét- 
angle pafling through their extremities, remaining fixed, 
or unaltered. 

From the foregoing definitions are eafily derived the 
following general corollaries to the fections. 


Ellipfe. 


Hyperbola. Parabola. 


zy 


20. Corcl, 1. Inthe ellipfe, the femiconjugate axis,. 
CD or CE, is a mean proportional between CO and 
CP, the parts of the diameter OP of a circular feign 
of the cone, drawn through the centre C of the ellipfe, 
and parallel to the bafe of the cone. For DE is a 
double ordinate in this circle, being perpendicular to 
OP as well as to AB. . j 

21. In like manner, in the hyperbola, the length of . 
the femiconjugate axis, CD or CE, is a mean propor- 
tional between CO and CP, drawn parallel to the bafe, 
and meeting the fides of the cone in O and P.. Or, if 
AO’ be drawn parallel to the fide VB, and meet PC pro- 
duced in O’, making CO’ = CO; and on this diame- 
ter O’P a circle be drawn parallel to the bafe: then 
the femiconjugate CD or CE will be an ordinate 6f 
PGaee being perpendicular to O/P as well. as to. 

Or, in both. figures, the whole conjugate axis DE is 
a mean proportional between QA and BR, parailel to 
the bafe of the cone. See my Conic Seétions, pa. 6. 

In. the parabola, both the tranfverfe and conjugate 
are infinite ; for AB and BR are both infinite. 

22. Corol. 2. In all the feCtions, AG will be equal 
to the parameter of the axis, if QG be drawn making 


the angle AQG.equal to the angle BAR. In like 


manner. Bg- will be equal to.the fame parameter, if Rg 
be drawn to make the angle BRg =the angle ABQ. 
23. Corol. 3. Hence the upper hyperbolic fection,. 
or fection of the oppolite cone,, is equal aad fimilar to 
the lower one. For the two fections have the fame 
tranfverfe or firft axis AB, and the fame conjugate or 
fecond axis DE, which is the mean proportional be. 
tween AQ and RB; and they have.alfo equal parame. 
ters 





ee hanties 
Cc oO a 
ters AG, Bg. So that the two oppofite feétions make, 
as it were, but the two oppofite ends of one entire fec- 
tion or hyperbola, the two being every where mutually 
equal and fimilar. Like the two halves of an ellipfe, 
with their ends turned the contrary way- 

24. Corol. 4. And hence, although both the tranf- 
verfe and conjugate axis in the parabola be infinite, yet 
the former is infinitely greater than the latter, or has 
an infinite ratio to it. For the tranfverfe has the fame 
ratio to the conjugate, as_ the conjugate has to the pa- 
rameter, that is, as an infinite to a finite quantity, 
which is an infinite ratio. 

"The peculiar properties of each particular curve, will 
be beft referred to the particular words Eruipse, Hy- 
PERBOLA, Paranora; and therefore it will only be 
-proper here to lay down a few of the properties that 

. are common to all the conic fe€tions. 


, Some other General Properties. 


as. From the foregoing definitions, &c, it appears, 
that the conic feétions are in themfelves a fyftem of re- 
gular curves, naturally allied to each other 5 and that 
one is changed into another perpetually, when it is 
either increafed, or diminifhed, in infinitum. Thus, 
ithe curvature of a circle being ever fo little increafed or 
diminithed, paffes into an ellipfe ; and again, the centre 
of the cllipfe going off infinitely, and the curvature 
being thereby diminithed, is changed into a parabola; 
and laftly, the curvature of a parabola being ever fo lit- 

_tle changed, there arifeth the firt of the hyperbolas; 
the innumerable fpecies of which will all of them arife 
orderly by a gradual diminution of the curvature ; till 
‘this quite vanifhing, the laft hyperbola’ ends in a right 
line. From whence it is manifeft, that every regular 
curvature, like that of a circle, from the circle itfelf to 
‘a right line, is a conical curvature, and is diftinguifhed 
with its. peculiar name, according to the divers degrees 
of that curvature. 

26. ‘That all diameters in a circle and ellipfe inter- 
fe& one another in the centre, of the figure within the 
feGtion: that in the parabola they are all parallel among 
“themfelves, and to the axis: but in the hyperbola, they 
-interfe& one another, without the figure, in the com- 
rion centre of the oppofite and conjugate feCtions. 

247. In the circle, the /atus refum, or parameter, is 
double the diftance from the vertex to the focus, which 
js alfo the centre. But in ellipfes, the parameters are 

in all proportions to that diftance, between the double 
and quadruple, according to their different fpecies. 
While, in the parabola, the parameter is jut quadruple 
that diftance. And, lafly in hyperbolas, the parame- 
ters are in all proportions beyond the quadruple, ac- 
cording to their various kinds. 

28. The firft general property of the conic feCtions, 
with regard to the abfciffes and ordinates of any diame- 
‘ter, is, that the re€tangles of the abfciffes are to each 
other, as the {quares of their correfponding ordinates. 

Or, which is the fame thing, that the fquare of any 
diameter is to the {quare of its conjugate, as the re&t- 
angle of two ab{ciffes of that diameter, to the fquare of 
the ordinate which divides them. That is, in all the 
figures, 

(Pn AC CB: ret. AE-EB:: CD?: EF*: 
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But as, in the parabola the infinites CB and EB are 
in a ratio of equality, For this curve the fame property 
becomes AC: AE:: CD*: EF*, that is, in the para- 
bola, the abfciffes are as the {quares of their ordinates, 

Or, when one of the ordinates is the femiconjugate . 
GH, dividing the diameter equally in the centre, the 
fame general property becomes, 

AG. GB or AG? : AC.CB:: GH?: CD? 
or AB?: HI?::AC.CB:CD. 

29. From hence is derived the equation of the curves 
of, the conic fe&tions; thus, putting the diameter AB 
= d, its conjugate HI = ¢, abfcifs AC = +, and its 
ordinate CD =y¥; thenis the other abfeifs CB =d—x« 
in the ellipfe, or d +x in the hyperbola, or 4 in the 
parabola; and hence the laft analogy above, becomes 
a@ici:xe.dza or dey xt y, 
or dyty? == c? . dx = a® is the general equation for all 
the conic feétions; and, in particular, it is 
dey? = 2 , dx — «7 in the ellipfe, 
dty? = c? . dx +a? in the hyperbola, and 
d¥y? =z cAdx, or dy? = «7x in the parabola: Or the three 
equations may be otherwife expreffed thus; 

y=. de—a in the dliple, 


fad 


” Sa deta in the hyperbola, and 








2 
Y=G x or = px in the parabola, where the para- 


. 
meter p =5 the third proportional to the diameter and 


its conjugate, by the definition of it. 

_ And from this one general propofition alone, which 
is eafily derived from the feétion in the folid cone itfelf, 
together with the definitions only, as laid down above, 
all the other properties of all the feétions may eafily be 
derived, without any farther reference to the cone, and 
without mechanical defcriptions of the curves in plano; 
asis done in my Treatife on Conic Se&ions, for the 
ufe of the Royal Mil. Acad. 3 in which alfo all the 
fimilar propofitions in the ellipfe and hyperbola are car- 
ried on word for word in them both. 

The more ancient mathematicians, before the time of 
Apollonius Pergeus, admitted only the right cone into 
their geometry, and they fuppofed the fection of it to be 
made by a plane perpendicular to one of its fides ; and 
as the vertical angle of a right cone may be cither right, 
acute, or obtufe, the fame method of cutting thefe fe- 
veral cones, viz, by a plane perpendicular to one fide, 
produced all the three conic fectious. The parabola 
was called the feGtion of a right-angled cone; the el- 
lipfe, the fection of the acute-angled cone; and the hy- 
pethola, the fection of the obtufe-angled cone. But 


Apollonius, who, on account of his writings on this 
Fit oO 
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fubje&, obtained the appellation of Afagnus Geometra, 
the Gréat Geometrician, obferved, that thefe three fec- 
tions might be obtained in every cone, both oblique 
and right, and that they depended on the different in- 

« elinations of the plane of the fection to the cone itfelf. 
Apollon. Con. Halley’s edit. lib. 1, p. 9. 

Inftead of confidering thefe curves as feftions cut 
from the folid cone, which is the true genuine way of 
all the ancients, and of the moft elegant writers among 
the moderns, Defcartes, and fome others of the mo- 
derns, have given arbitrary conftrudtions of curves on a 
plane, from which conftrutions they have demonftrated 
the properties of thefe, and have afterwards proved that 
fome principal property of them belongs to {uch curves or 
feétions as are cut from a cone; and hence it is inferred 
by them that thofe curves, fo defcribed on a plane, are 
the fame with the conic fe@tions. 

The doétrine of the conic fetions is of great ufe in 
phyfical and geometrical aftronomy, as well as in the 
phyfico-mathematical fciences, The doétrine has been 
much cultivated by both ancient and modern geometri- 
cians, who have left many good treatifes on the fubje&. 


The moft ancient of thefe is that of Apollonius Per-. 


gzus, containing 8 books, the firlt 4 of which have 
often been publifhed ; but Dr. Halley’s edition has all 
the eight. Pappus, in his Collect. Mathem. lib. 7, 
fays that the firlt four of thefe were written by Euclid, 
though perfe€ted by Apollonius, who added the other 4 


to them, Among the moderns, the chief writers are My- | 


dorgius de SeGtionibus Conicis; Gregory St. Vincent's 
cos Cireuli & Se&tionum Coni; De la Hire de 
SeGtionibus Conicis; Trevigar Elem, Seétion. Con. ; De 
Witt’s Elementa Curvarum; Dr. Wallis’s Conic Sec- 
tions; De l’Hofpital’s Anal. Treat. of Conic Sections; 
Dr. Simfon’d Se@tion. Eon.; Milne’s Elementa Sec- 
tion. Conicarum; Muller’s Conic Sections; Steel’s 
Conic Se@ions ; Dr, Hamilton’s elegant treatife ; my 
own treatife, above cited ; and at the writing of this, 
my friend Mr. Abram Robertfon of Oxford is prepar- 
ing a curious work on this fubject, containing at the 
fame time a treatife on the f{cience, and a hiltory of the 
writings relating to it. 

CONICS, that part of the higher geometry, or geo- 
metry of curves, which confiders the cone, and the fe- 
yeral curve lines arifing from the feétions of it. 

CONJUGATE Axis, or Diameter, in the Conic 
Sedtions, is the axis, or a diameter parallel to a tangent 
to the curve at the vertex of another axis, or diameter, 
to which that is a conjugate. Indeed the two are mu- 
tually conjugates to each other, and each is parallel to 
the tangent at the vertex of the other. 

Conyucare Hyreaporas, alfe called Adjacent Hy- 
perbolas, are fuch as have the fame axes, but in the con- 
trary order, the firft or principal axis of the one being 
the 2d axis of the other, and the ad axis of the former, 
the 1ft axis of the latter. See art. 17 of Conic Sec- 
“TIONS. 

CONJUNCTION, in Aftronomy, is the meeting 
of the ftars and planets in the fame point or place in 
the heavens ; and is either true or apparent. 

True Conjunction is wheo the hne drawn through 
the centres of the two ftars paffes alfo through the cen- 
tre of the earth, And Apparent Conjunction is when 
shat line does not pa{s through the carth’s centre. 
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~ CONOID, is a figure refembling a cone, except that 
the flant fides from the bafe to the vertex are not 
ftraight lines as in the’cone, but curved. It is gene+ 
Ba by the revolution of a conic fection about its axis 5 
and it is therefore threefold, anfwering to the three fec- 
tions of the cone, viz, the Elliptical Conoid, or {pheroid, 
the Hyperbolic Conoid, and the Parabolic Conoid. . 

If a conoid be cut by a plane in any polition, the 
feGtion will be of the figure of fome one of the conic 
feétions ; and all parallel feGions, of the fame conoid, 
are like and fimilar figures. When the fe€tion of the 
folid returns into iefelt it is an ellipfe; which is always 
the cafe in the fe€tions of the {pheroid, except when it 
is perpendicular to the axis; which polition is alfo to 
be excepted in the other folids, the feétion being al- 
ways a circle in that pofition. In the parabolic conoid, 
the fection is always an ellipfe, except when it is paral- 
lel to the axis. And in the hyperbolic conoid, the fec- 
tion is an ellipfe, when its axis makes with the axis of 
the folid, an angle greater than that made by the faid 
axe of the folid and the afymptote of the generating 
hyperbola ; the fection being an hyperbola in all other 
cafes, but when thofe angles are equal, and then it is a 
parabola. 7 

But when the fection is parallel to the fixed axis, it 
is of the fame kind with, and fimilar to the generating 
plane itfelf; that is, the fection parallel to the axis, in 
the fpheroid, is an cllipfe fimilar to the generating el- 
lipfe ; in the parabolic conoid it is a patabola, fimilar 
to the generating one; and in the hyperbolic conoid, 
it is an hyperbola fimilar to the generating one. 

The feétion through the axis, which is the generat- 
ing plane, is, in the ipheroid the greateft of the paral- 
lel fe€tions, but in the hyperboloid it is the leafl, and ia 
the paraboloid thofe cartel fettions are all equal. 

The analogy of the fections of the hyperboloid to 
thofe of the cone, are very remarkable, all the three 
conic feétions being formed by cutting an byperboloid 
in the fame pofitions as the cone iscut. Thus, let an 
hyperbola and its afymptote be revolved together about 
the tranfverfe axis, the former delcribing an hyperbo- 
loid, and the latter a cone circumferibing it: then let 
it be fuppofed that they are both cut by one plane in 
any pofition ; fo fhall the two fcctions be like, fimilar, 
and concentric figures: that is, if the plane cut both 
the fides of each, the fections will be concentric and 
fimilar ellipfes; but if the cutting plane be parallel to 
the afymptote, or to the fide of the cone, the fections 
will be parabolas ; and in all other pofitions, the fec- 
tions will be fimilar and concentric by perbolas. 

And this analogy of the feQions will not feem 
flrauge, when it is confidered that a cone is a {pecies of 
the hyperboloid ; or a triangle a fpecies of the hyper . 
bola, the axes being infinitely fmall. See my Mentu- 
ration, prop. 1, part 3, fe. 4, pag. 265 edit. 8vo. 

CONON (of Samos), a retpectable mathematician 
and philofopher, who flouriii.ed about the 130th olym~ 
piad, being a contemporary and friend of Archimedes, 
to whom Conon cominunicated his writings, and fent 
him fome problems, which Archimedes received with 
approbation, faying they oughit to be publifhed while 
Conon was living, for he comprehends them with eafe, 
and can give a proper demonitration of them. : 

At auother time he laments the lofs of Conon, thus 

admiring 
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admiring‘his genius, “ How many theorems in geome- 
try, fays he, which at firt feemed impoffible, would in 
time have been brought to perfection! Alas! Conon, 
though’ he invented many, with which he enriched 
geometry, had not time to perfect them, but left many 
in the dark, being prevented by death.” He had an 
uncommon {kill in mathematics, joined to an extraor- 
dinary patience and application. ‘This is farther ‘con- 
firmed by a letter fent to Archimedes by a friend of 
Conon’s. Having heard of Conon’s death, with 
whofe friendthip I was honoured, and with whom you 
‘kept an intimate correfpondence ; as he was thoroughly 
verfed in geometry, I reatly lament the lofs of a fin- 
ccere friend, and a rk of furprifing knowledge in 
mathematics. I then determined to fend to you, as 
T had before done to him, atheorem in geometry, 
hitherto obferved by no one.” ' 

Conon had fome difputes with Nicoteles, who wrote 
againft him, and treated him with too much contempt. 
Apollonius confefles it ; though he acknowledges that 
Conon was not fortunate in his demonttrations. 

Conon invented a kind of volute, or fpiral, different 
from that of Dynoftratus; but becanfe Archimedes ex- 
plained the properties of it more clearly, the name of 
the inventor was forgotten, and it was hence called 
Archimedes’s volute or fpiral. 

‘Asto Conon’saftrological or aftronomical knowledge, 
it may in fome meafure be gathered from the poem of 


Catullus, who deferibes it in the bewinning of his verles _ 
fe 


‘on the hair of Berenice, the fifter and wife of Prolomy 
Euergetes, upon the occafion of Conon having given 
out that it was changed into a conftellation among 
the ftars, to confole the queen for the lofs, when it was 
ftolen out of the temple, where fhe had confecrated it 
to the gods. 

CONSECTARY, or (orollary, a confequence de- 

* duced from fome foregoing principles. 

CONSEQUENT, is the latter of the two terms of 
a ratio; or that to which the antecedent is referred 
and compared, Thus, in the ratio a: 4, or a to b, 
the latter term 4 is the confequent, and a is the antece- 
dent. 

CONSISTENT Bodies, is a term much ufed by Mr. 
Boyle, for fuch as are ufually called frm, or. “fined bodies 5 
in oppofition to fuid ones. 

CONSOLE, in Archite€ture, is an ornament cut 
upon the key of an arch, having a projeCture or jetting, 
and occafionally ferving to fupport {mall cornices, bufts, 
and bafes. 

CONSONANCE, in Mufic, is commonly ufed in 
the fame fenfe with concord, viz, for the union or agree- 
ment of two founds produced at the fame time, the one 
grave, the other acute, which is compounded together 
by fach a proportion of each, as proves agreeable to 
the ear. . 

‘An unifon is the firft.confonance, an eighth is the 2d, 
a fifth is the 34; and then follow the fourth, with the 
third and fixths, major and minor. 

CONSTANT Quantities are fuch as remain inva- 
riably the fame, while others increafe or decreafe. 
"Thus, the diameter of a circle is a conftant quantity ; 
for it remains the fame while tlie abfciffes and ordinates, 
or the fines, tangents, &c, are variable, : 

Thefe are fometimes called given, or invariable or per- 

c 5 . 
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manent quantities ; and in algebra it is now ufual'to re: 
prefent them by the leading letters of the alphabet, 
a, b,c, &c; while the variable ones are denoted by the 
laft latters, 2, p, x, &c. 

CONSTELLATIONS, certain imaginary figures 
of birds, beafts, fifhes, and other things in the heavens, 
within which are arranged certain ftars.’ Thefe affem- 
blages are alfo fometimes called afteri{ms. 

‘T'he ancients portioned out the firmament into feve- 
ral parts, or contellations ; reducing a certain number 
of ftars under the reprefentation of certain images, to 
affiit the imagination and memory, to conceive or re- 
tain their number, order, and difpofition, or even to 
diftinguith the virtues they attributed to them. 

The divifion of the heavensfinto conttellations is very 
ancient ; being known to the molt early authors, whether 
facred or profane. In the book of Job the names of 
fome of them are mentioned ; witnefs that fublime ex- 
pottulation, Canff thou reftrain the fweet influence of the 
Pleiades, or loofin the bands of Orion? And the fame 
may be obferved of the oldeft among the heathen writ- 
ers, Hefiod and Homer. ; 

The divifion of the ancients took in only the vifible 
firmament, or fo much as came under their notice, as vi+ 
fible to the naked eye. The firft or earlieft of thefe, is 
contained in the catalogue of Ptolomy, given in the 7th 
book of his Almageft, prepared, as he affures us, from 
his own obfervatious, compared with thofe of Hippar- 
chus, and the other ancient aftronomers, In this cata~ 
logue Ptolomy has formed 48 conftellations. Of thefe, 
12 are about the ecliptic, commonly called the 12 figns; 
21 to the north of it ; and 15 to the fouth. The north- 
ern conttellations are, the Little Bear, the Great Bear, 
the Dragon, Cepheus, Bootes, the Northern Crown, 
Hercules, the Harp, the Stwan, Caffiopeia, Perfeus, 
Auriga, Ophiucus or Serpentary, the Serpent, the 
Arrow, the Eagle, the Dolphin, the Horfe, Pegafus, 
Andromeda, and the Triangle. 

The conftellations about the ecliptic are Aries, Tau- 

rus, Gemini, Cancer, Leo, Virgo, Libra, Scorpio, 
Sagittarius, Capricorn, Aquarius, and Pifces: or ac- 
cording to the Englifh names, the Ram, the Bull, the 
Twins, the Crab, the Lion, the Virgin, the Balance, 
the Scorpion, the Archer, the Goat, the Water bearer, 
and the Fifhes. 
_ The Southern conftellations are, the Whale, Orion, 
the Eridanus, the Hare, the Great Dog, the Little 
Dog, the Ship, the Hydra, the Cup, the Raven, the 
Centaur, the Wolf, the Altar, the Southern Crown, 
and the Southern Fifh. 

The other ftars not comprehended under thefe con- 
ftellations, yet vifible to the naked eye, the ancients 
called informes, or fporades, fome of which the modern 
aftronomers have fincé reduced into new figures, or con~ 
ftellations. Ptolomy has fet down the longitude and 
latitude of all thefe ftars to about the year of Chrift 
137, amounting to the number of 1022, viz, 





in the northern conftellations - - 360 
in the zodiacal conftellations - - 346 
in the fouthern conftellations - - 316 
in all of Ptolomy’s catalogue - - 1022 


Among the modern aftronomers, Tycho Brahe is the 
7 i firlt 
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firft who determined, with exaCinefe, and in confequence 
of his own obfervations, the long. and lat. of the fixed 
ftars, out of which he formed 45 conftellations; of thefe, 
43 were of the old ones deferibed by Ptolomy, to which 

ycho added the Coma Berenices, and Antinous ; but 
he omits 5 of the old fouthern conftellations, viz, the 
Centaur, the Wolf, the Altar, the Southern Crown, 
and Southern Fifh; which he could not obferve, be- 
caufe of the high northern latitude of Uranibourg. 

After Tycho, Bayer gave the figures of 60 con- 
ftellations, very exa@ly reprefented, and with tables an- 
nexed, having added, to the 48 old ones of Ptolomy, 
the following 12 about the fouth pole, viz, the Pea- 
dock, the Toucan, the Crane, the Phenix, the Dorado, 
the Flying Fith, the Hydra, the Chameleon, the Bee, 
the Bird of Paradife, the Triangle, and the Indian, 
Befides accurately diftinguithing the relative fize and 
the fituation of every ftar, Bayer marks the ftars in each 
conftellation with the letters of the Greek and Roman 
alphabets, fetting the firit letter « to the firft or prin- 
cipal ftar in each conftellation, @ to the 2d in order, 
y to the 3d, and fo on; a very ufeful method of noting 
and deferibing the ftars, which has been ufed by all af- 
tronomers fince, and who have farther enlarged this me- 
thod, by adding the ordinal numbers 1, 2, 3, &c, to the 
other tars difcovered fince his time, when any conftel- 
lation contains more than can be marked by the two 
alphabets. The number and order of the itars, as men- 
tioned by Bayer, are, 





of the rit magnitude - 17 
ofthe 2d magnitude + 63 
of the 3d magnitude . 196 
of the 4th magnitude - - 415 
of the sth magnitude - - 348 
of the 6th magnitude - + 34 
of the unformed ftars = = 326 
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After Bayer, a catalogue, with new conttellations, 
was publifhed by Schiller, in 1627, in a work called 
Coelum Stellatum Chriftianum, the Chriftian Starry 
Heaven, in which he fubftitutes, very improperly, other 
figures of the conftellations, and names, taken from the 
facred {eriptures, inftead of the old ones. 

In the year 1665, Riccioli publithed his Aftronomy 
Reformed, containing a catalogue of the ftars in 62 
conttellations, viz, the 60 of Bayer, with the Coma 
Berenices and Antinous of Tycho. He diftributes the 
flars in all the conftellations into four claffes. In the 
firft of thefe claffes are contained thofe ftars determined 
by his own obfervations, and thofe of Grimaldi. In the 
fecond are thofe ftars which had been afcertained by 
‘Tycho Brahe and Kepler. In the 3d are the flars de- 
termined by Hipparchus and Ptolomy. And the 4th 
clafs confifts of thofe of the fouthern hemifphere difco.. 
vered by Navigators, who have afcertained their places 
in a more or lefs accurate manner ; in which he has 
marked the longitudes and latitudes for the year 1700, 
the period to which he has reduced all his obfervations. 
This catalogue was followed by a number of celeftial 
fchemes and maps of the heavens, publifhed in 1673 by 
Pardies, who has reprefented very carefully all the con- 
ftellations, with the flarsthey contain. After this, Vi- 

Voud ‘ 
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talis publithed a catalogue of the fixed flars in bis Tables’ 
of the Primum Mobile, in which their longitudes and 
latitudes, with the right-afcenfions and declinations are 
fet down for the year 1675. 

Some time after this, Royer publithed maps of the 
heavens, reduced into 4 tables, with a catalogue of the 
fixed flars for the year 1700. To the {tars marked by 
Bayer, he adds a number of ftars not before feen, with 
others taken from the tables of Riccioli, and not men- 
tioned by Bayer: he alfo forms, out of the unformed, 
ttars, eleven other conftellations. Five of thefe are to 
the north, and are called the Giraffe, the River Jordan, 
the River ‘Ligris, the Sceptre, and the Flower-de-luce; 
with 6 on the fouth part, which are the Dove, the 
Unicorn, the Crofs, the Great Cloud, the Little Cloud, 
and the Rhomboide. To this work Royer has joined 
the catalogue of the fouthern ftars obferved by Dr. 
Halley at the ifland of St. Helena. 

Hevelius has alfo improved upon the labours of thofe 
who went before him, and colleéted together feveral 
ftars of the before unformed clafs into fome new con- 
ftellations. Thefe are, the Unicorn,:the Cameloparda- 
lis, defcribed by Bartfchius, the Sextant of Urania, the 
Dogs, the Little Lion, the Lynx, the Fox and Goofe, 
the Sobiefki’s Crown, the Lizard, the Little Triangle, 
and the Cerberus; to which Gregory has added the 
Ring and the Armilla. Some of thefe new conitella- 
tions however anfwer to thofe of Royer, as the Came- 
lopardal to the Giraffe, the Dogs to the River Jordan, 
and the Fox to the River Tigris, The latitudes and 
longitudes are added for the year 1700. 

inally, Flamfteed has given a catalogue of the fixed 
ftars, not only much more correét, but much larger 
than thofe of all that went before him. He has fet 
down,the longitude, latitude, right afcenfion, and polar 
diftance of 2934 flars, as they were at the beginning of 
1690, all determined from his own obfervations. Ye 
diftinguifhes all the flars into feven claffes, or orders 
of magnitude, diftinguifhing thofe of Bayer by his 
Jetters, and marking their variation in right afcenfion, 
for fhewing their fituation in the fucceeding years. ‘See 
the term Caratocue. 

This catalogue was followed by an Atlas Cocleftis, 
publifhed at London in the year 1729, defcribing, in 
feveral fchemes, the figures of the conttellations {een in 
our hemifphere, with the exa&t pofition of the fixed tars, 
with refpect to the circles of the {phere, as refulting 
from the laft catalogue corrected by Flamfteed. And. 
ftill later obfervations, made with Gcther improved te- 
lefcopes, have greatly enlarged the number and accura- 
cy of the ftars ; but the number of the conftellations 
remains the fame as above defcribed, except that an at- 
tempt has lately been made by Dr. Hill to add to the 
lift 14 new ones, formed out of more of the clufters of. 
unformed ftars. 

Befide the literal marks of the ftars introduced by 
Bayer, it is ufual alfo to diftinguifh them by that part 
of the conftellation in which they are placed ; and many- 
of them a have their peculiar names; as Arcturus, 
between the knees of Bootes; Gemina, or Lucida, in 
the Corona Septentrionalis, or Northern Crown; Palili- 
tium, or Aldebaran, in the Bull’s eye, Pleiades in his 
neck, and Hyades in his forehead ; Caftor and Pollux in 
the heads of Gemini ; Capella, with the Heedi_ in the 
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fhoulder of Auriga Regulus, or Cor Teonis, the 
Lion’s Heart ; Spica Virginis in the hand, and Vinde- 
miatrix in the fhoulder of Virgo; Antares, or Cor Scor- 
pionis, the Scorpion’s Heart; Fomalhaut, in the 

- mouth of Pifcis Auftralis, or Southern Fith ; Regel, in 
the foot of Orion; Sirius, in the mouth of Canis Ma- 
jor, the Great Dog; Procyon, in the back of Canis 
Minor, the Little Dog; and the Pole Star, the laft in 
the tail of Urfa Minor, the Little Bear. 

The Greek and Roman poets, from the ancient the- 
ology, give wild and romantic fables about the origin 
of the conftellations, probably derived from the hiero- 
glyphics of the Egyptians, and tranfmitted, with fome 
alterations, from them to the Greeks, who probably 
obfcured them greatly with their own fables. See 
Hyginus’s Poeticon Aftron. 3 Riccioli, Almagett. lib. 
6. cap. 39 4, §3 Shelburne’s Notes upon anilius 5 
Bailly’s Antient Aftronomy; and Gebclin’s Monde 
Primitif, vol. 4: from the whole of which it is made 
probable, that the invention of the figns of the zodiac, 
and probably of moft of the other conftellations of the 
{phere, is to be afcribed to fome very ancient nation, 
inhabiting the northern temperate zone, probably what 
js now called Tartary, or the parts to the northward 
of Perfia and China; and from thence tranf{mitted 
through China, India, Babylon, Arabia, Egypt, 
Greece, &e. 

It is a very probable conjeCture, that the figures of 
the figns in the zodiac, are deferiptive of the feafons 
of the year, or months, in the fun’s path: thus, the 
firlt fign Aries, denotes, that about the time when the 
fan enters that part of the ecliptic, the lambs begin to 
follow the fheep ; that on the fun’s approach to the 2d 
gonftellation, Taurus, the Bull, is about the time of the 
cows bringing forth their young. The third fign, now 
Gemini, was originglly two kids, and fignified the time 
of the goats bringing forth their young, which are 
ufually two at a birth, while the former, the fheep and 
cow, commonly produce only one. The 4th fign, Can- 
cer,-the Crab, an animal that goes fide-ways and back- 

wards, was placed at the northern folftice, the point 
where the fun begins to return back again from the 
north to the fouthward. The 5th fign, Leo, the Lion, 
as being & v furious animal, was thought to denote 
the heat and fury of the buraing fun, when he has left 
Cancer, and entered the next fign Leo, The fucceed- 
ing conttellation, the 6th in order, received the fun at 
the time of ripening corn and approaching harveft ; 
which was aptly expreffed by one of the female reapers, 
with an ear of corn in her hand ; viz, Virgo the maid. 
‘The ancients gave to the next fign Scorpio, two of the 
12 divifions of the zediac: Autumn, which affords fruits 
in great abundance, affords the means and caufes of 
difeafes, and the fucceeding time is the moft unhealthy 
of the year; expreffed by this venemous animal, here 
fpreading out his long claws into the one fign, as 
threatening mifchief, and in the other brandifbing his 
tail to denote the completion of it. The fall of the 
leaf was the feafon of the ancient hunting ; for which 
reafon the ftars which marked the fun’s place at this 
{eafon, into the conftellation Sagittary, a huntfman with 
his arrows and his club, the weapons of deftru@ion 
“for the large creatures he purfued. The reafon of the 
WRHGoat’s being chofen to mark the fouthern fol- 
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ftice, when the fun has attained his extreme Himit that 
way, and begins to return and mount again to the 
northward, is obvious enough ; the character of that ani- 
mal being, that it is moitly climbing, and afcending 
{ome mountain as it browzes. There yet remain two 
of the figns of the zodiac to be confidered with regard 
to their origin, viz, Aquarius and Pifces. As to the 
former, it is to be contidered that the winter is a wet 
and uncomfortable feafon; this therefore was expreffed 
by Aquarius, the figure of a man pouring out water 
from anurn. The lait of the zodiacal coniteilations was 
Pifces, a couple of tithes, tied together, that had been 
caught: The leffon was, the fevere feafon is over, 
your flocks do not yet yield their ftore; but the feae 
and rivers are open, and there you may take fith in 
abundance. 

Through a vain and blind zeal, rather than through 
any love for the fcience, fome perfons have been moved 
to alter either the figures of the conftellations, or their 
names. ‘I'hus, venerable Bede, inftead of the profane 
names and figures of the twelve zodiacal conftellations, 
fubftituted thofe of the 12 apoflles; which example 
was followed by Schiller, who completed the reforma- 
tion, and gave fcripture names to all the conftellations 
in the heavens. Thus, Aries, or the Ram, was changed 
into Peter ; Taurus, or the Bull, into St. Andrew ; An- 
dromeda, into the Sepulchre of Chriit; Lyra, into the 
Manger of Chrift ; Hercules, into the Magi coming 
from the Eaft ; the Great Dog, into David ; and foon. 
And Weigelius, profeffor of athematics in the uni- 
verfity of Jena, made a new order of conftellations 5 
changing the firmament into a Ceelum Heraldicum; and 
introducing the arms of all the princes in Europe, by 
way of conflellations, ‘I'hus Urfa major, the Great 
Bear, he transformed into the elephant of the kingdom 
of Denmark ; the Swan, into the Ruta with {words of 
the Houfe of Saxony ; Ophiuchus, into the Crofs of Co- 
logne ; the Triangle, into Compaffes, which he calls the. 
Symbol of Artificers ; and the Pleiades into the Abacus 
Pythagoricus, which he calls that of merchants; &c. 

But the more judicious among aftronomers never ap~ 
proved of fuch innovations 3 as they only tend to in- 
troduce confufion into altrosomy. The old conttel- 
lations are therefore ftill retained; both becaufe bet- 
ter could not be fubftituted, and likewife to keep up 
the greater correfpondence and uniformity between the 
old aftronomy and the new. See Cararocue. 

CONSTRUCTION, ia Geometry, the art or man- 
ner of drawing or defcribing a figure, fcheme, the lines 
of a problem, or fuch like. 

Construction of Equations, in Algebra, is the find~ 
ing the roots or unknown quantities of an equation, by 
geometrical contruction of right ‘lines or curves 3, or 
the reducing given equations into geometrical figures. 
And this is efteGted by lines or curves according to the 
order or rank of the equation. 

The roots of any equation may be determined, that 
is, the equation may be conftructed, by the interfections 
of a ftraight line with another line or curve of the fame 
dimenfions as the equation to be conftructed: for the 
roots of the equation are the ordinates of the curve at 
the points of interfeGtion with the right line ; and it is 
well known that a curve may be cut by a right line in 
as many points as its dimeufions amount to. Thus, 
theny 
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then, a fimple equation will be conftruéted by the in- 
terfe€tion of one right line with another: a quadratic 
equation, or an affected equation of the 2d rank, by the 
interfoGtions of a right line with a circle, or any of the 
conic fections, which are all lines of the 2d order ; and 
which may be cut, by the right line, in two points, 
thereby giving the two roots of the quadratic equation. 

cubic equation may be conftruted by the interfec- 
fion of the right line with a line of the 3d order: and 
fo on. 

But if, inflead of the right line, fome other line of 
a higher order be ufed ; then the 2d line, whofe inter- 
fe€tions with the former are to determine the roots of 
the equation, may be taken as many dimenfions lower, 
as the former is taken higher, And, in general, an 
equation of any height will be conftructed by the inter- 
fetions of two lines whofe dimenfions, multiplied to- 

ether, produce the dimenfion of the given equation. 
hus, the interfeétions of a circle with the conic fec- 
tions, or of thefe with each other, will conftru& the bi- 
quadratic equations, or thofe of the qth power, be- 
caufe 2 x 2 = 43 and the interfections of the circle 
or conic feétions with a line of the 3d order, will con- 
ftrué the equations of the sth and 6th power ; and fo 
on.—For example, 

To conftrud a Simple Equation. This is done by re- 
folving the given fimple equation into a proportion, or 
finding a third or 4th proportional, Kc. ‘Thus, 1. If 

. be 
the equation be ax = dc; thena:b::c:x => 
the fourth proportional to a, 4, c. , . 

2 


2. [fae = 67; thena:b 3b: = athird 


proportional to @ and 4. 
ge If ax = b* ~c?; then, fince b> —c? =) +e 


xB =e it will bea: Bes tbmer x= SHERI, 


a fourth proportional to @, 6 + ¢ and —c. 

4. Tfax = 4 + c*; then conftru& c 
theright-angled triangleA BC, whofe 
bafe is 4, and perpendicular is c, fo 
fhall the fquare of the hypothenufe le 
be 2? 4 c*, which call 4*; then the 
¢quation is ax = 4*, andx = = a 
third proportional to g and 4, A 6 3B 

To confru8 a Quadratic Equation. 

1. If it bea fimple quadratic, it may be reduced 

to this form x? = ab; and hence at «i: x: db 
cr x == s/ab a mean proportional between a and 6. 
‘Therefore upon a ftraight line take D......, 
AB =a, and BC = 4; thenupon S 7 
Abe dtiameter AC deferibe a femi- 
qircle, and raife the perpendicular 5 
BD to meet it in D; fo thal BD A Cc 
be = x the mean proportional fought between AB and 
BC, or between a@ and 5. 

2. If the quadratic be affected, let it firft be 
x* +22” = 4; then form the right-angled triangle 
whofe bafe AB is a, and perpendicular BC is 4; and 
with the centre A and radius AC defcribe the femi- 
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circle DCE ; fo fhall DB and BE be the tvo roots of 
the given quadratic equation x* 4 2ax = 5*, 

g-_ If the quadratic be x*—zax = 4%, then the con- 
ftruétion will be the very fame as of the preceding one 
xt +4 2ax = 87. 





4. But if the form be zax ~ x? = 4*: forma right« 
angled triangle whofe hypothenufe FG is a, and per- 
pendicular GH is 2; then with the radius FG and 
centre F deferive a femi-circle IGK ; fo thall YH and 
EK be the two roots of the given equation zax — x* 
= 6%, or x? — 2ax = — J". See Mactlaurin’s Algebra, 
part 3, cap. 2, and Simpfon’s Algebra, pa. 267. 

To conftruft Cubic and Biquadratic Equations.— 
Thefe are conitruted by the interfections of two conic 
{cRions ; for the equation will rife to 4 dimenfions, by 
which are determined the ordinates from the 4 points 
in which thefe conic fections may cut one another ; 
and the conic fections may be affumed in fuch a man. 
ner, as to make this equation coincide with any propofed 
biquadratic : fo that the ordinates from thefe 4 inter- 
feétions will be equal to the roots of the propofed biqua- 
dratic. When one of the interfections of the conic fee- 
tion falls upon the axis, then one of the ordinates va, 
nifhes, and the equation, by which thefe ordinates aré 
determined, will then be of 3 dimenfions only, ora cu- 
bic ; to which any propofed cubic equation may be ac+ 
So that the three remaining ordinates 
will be the roots of that propofed cubic. The conic 
feétions for this purpofe fhould be fuch as are moft 
eafily defcribed ; the circle may be one, and the pa- 
rabola is ufually affumed for the other. 

Vieta, in his Canonica Recenfione EffeCtionum Geo- 
metricarum, aud Ghetaldus, in his Opus Pofthumum de 
Refolutione & Compofitione Mathematica, as alfo Des 
Cartes, in his Geometria, have fhewn how to con- 
ftru& fimple and quadratic Equations. Des Cartes has 
alfo fhewn how to conftruét cubic and biquadratic equa- 
tions, by the interfeétion of a circle and a parabola; 
And the fame has been done more generally by Baker 
in his Clavis Geometrica, or Geometrical Key. But the 
genuine foundation of all thefe conftrutions was firft 
laid and explained by Siufus in his Mefolabiun, part 2. 
‘This dotrine is alfo pretty well handled by De la Hire, 
in a fmall treatife, called La Conitrution des Equations 
Analytiques, anneged to his Conic Sections. Newton, 
at the end of his Algebra, has given the conftru@tion 
of cubic and biquadratic equations mechanically ; as alfo 
by the conchoid and cifloid, as well as the conie fec- 
tions. Secalfo Dr. Hailey’s Conitru@ion of Cubic and 
Biquadratic Equations; Colfon’s, in the Philof. Tranf, ; 
the Marquis de P Hofpital’s Traité Analytique des Sec- 
tions Coniques ; Maclaurin’s Algebra, part 3, c. 3 &c. 

CONTACT, the relative fate of two things that 
touch each other, but without cutting or entering 5 
or whofe furfaces join to each cther without any ine 
terllice. 
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Phe cohta& of curve lines or farfaces, with either 
ftraight or curved ones, is only in points ; and yet thefe 
points have different proportions to one another, as is 
shewn by Mr. Robartes, in the Philof. Tranf. vol. 27 
pa. 470; or Abr. vol. 4. pa. 1. : 

Becaufe few or no furfaces are capable of touching 
in all points, and the cohefion of bodies is in proportion 
fo their contaét, thofe bodies will adhere faftelt to- 
gether, that are capable of the greateft contact. 


Angle of Contact is the opening 
between a curve line and a tangent 
to it, particularly the circle and 
its tangent; as the angle formed 
at A between BA and AC, at the 
point of contact A. 


_ It 1s demonftrated by Euclid, that the line CA ftand- 
ing perpendicular to the radius DA, touches the circle 
only in one point : and that no other right line can be 
drawn between the tangent and the circle. 

Hence, the angle of contaé is lefs than any reétili- 
near angle; and the angle of the femi-circle between 
the radius DA and the arch AB, is greater than any 
reCtilinear acute angle. 

This feeming paradox of Euclid has exercifed the 
wits of mathematicians: it was the fubjeét of a long 
controverfy between Peletarius and Clavius; the former 
of whom maintained that the angle of contact is heter- 
ogeneous to a rectilinear one; as a line is to a furface ; 
the latter maintained the contrary. 

Dr. Wallis has a formal treatife on the angle of con- 
tat, and of the femi-circle; where, with other great 
mathematicians, he approves of the opinion of Peleta- 


rigs, 

CONTENT, a term often ufed for the meafurement 
of bodies and furtaces, whether folid or fuperficial ; or 
the capacity of a veffel and the area of a {pace ; being 
the quantity either of matter or fpace included withia 
certain bounds or limits. 

CONTIGUITY, the relation of bodies touching 
one another. 

CONTIGUOUS, a relative term, underftood of 
things difpofed fo near each other, that they join their 
furfaces, or touch. 

Contiguous Angles, are fuch as have one leg or 
fide common to each angle; and are otherwife called 
adjoining angles ; in contradiftin@ion to thofe made by 
continuing their legs through the point of contact, 
which are called oppofite or vertical angles. 

CONTINENT, a terra firma, main-land, or a large 
extent of country, not interrupted by feas: fo called, 
in oppofition to ifland, peninfula, &Ee. 

The world is ufually divided into two grard conti- 
“nents, the old and the new: the old continent com- 
prehends Europe, Afia, and Africa; the new, North 
afid South America. Since the difcovery of New Hol- 
land and New South Wales, it is a doubt with many 
whether to call that vaft country an iiland or a continent. 

CONTINGENT Line, the fame with tangent line 
in Dialling, being the interfeftion of the planes of the 
dial and equinottial, and at right angles to the fub‘tilar 
line. 
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CONTINUAL Proporttonats, are a feries of 
three or more quantities compared together, fo that the 
ratio is the fame between every two adjacent terms, viz 
between the 1ftand 2d, the 2d and 3d, the 3d and qth, 
&e. Asi, 2, 4, 8, 16, &c, where the terms continu- 
ally increafe in a double ratio; or 12, 4) }, $, where 
the terms decreafe in a triple ratio. 

A feries of continual or continued proportionals, is 
otherwife called a progreffon. 

CONTINUED Quantity, or Body, is that whofe 
parts are joined and united together. 

CONTINUED Proportion, is that in which the con- 
fequent of the firft ratio is the fame with the antece- 
dent of the fecond; as in thefe, 3:6::6:12. See 
Continuat Proportion, ; 

On the contrary, if the confequent of the firft ratio 
be different from the antecedent of the fecond, the pro- 
portion is called diferete: a8 3:6::4: 8. 

CONTRA-Harmonicat Proportion, that relation 
of three terms, in which the difference of the firft and 
fecond is to the difference of the 2d and 3d, as the 3d 
is to the firft. Thus, for inftance, 3, 5, and 6, are 
numbers contra-harmonically proportional ; for 2 : 1 


32623. 

CONTRA-More, in Fortification, is a little wall 
built before another partition wall, to ftrengthen it, fo 
that it may receive no damage from the adjacent build- 


ings. 

‘CONTRATE-Wuext, is that wheel in watches 
which is next to the crown, whofe teeth and hoop lie 
contrary to thofe of the other wheels; from whence 
comes its name. 

CONTRAVALLATION, Line t in Fortification, 
is a trench, guarded with a parapet ; being made by the 
befiegers, between them and the place betieged, to fe- 
cure themfelves on that fide, and ftop the fallies of the 
garrifon, It is made without mufket-fhot of the town ; 
fometimes going quite around it, and fometimes not, as 
occafion may require. The befiegers lie between the 
lines of cireumvallation and contravallation: but it is 
now feldom ufed. 

CONVERGING Curver. See Curve. 

Convercinc, or ConverGent Lines, in Geometry, 
are thofe that continually approximate, or whofe dii- 
tance becomes continually lefs and lefs the farther they 
are continued, till they meet: in oppofition to divergent 
lines, whofe diftance becomes continually greater. 

Lines that converge the one way, diverge the other. 

Coxvercinc Rays, in Optics, are {uch as incline 
towards one another in their paflage, and in Dioptrics, - 
are thofe rays which, in their paflage out of one me- 
dium into another of a different denfity, are refracted 
towards one another; fo that, if far enough continued, 
they will meet in a point or focus. 

Convercine Serics, a feries of terms or quantities, 
that always decreafe the farther they proceed, or which 
tend to a certain magnitude or limit: in oppofition to 
di ing feries, or fuch as become larger and larger 
continually. See Series. 

CONVERSE. A propofition is faid to be the con- 
verfe of another, when, after drawing a conclufion from 
fomething firft fuppofed, we return again, and, making 
a fuppofition of what had before been concluded, draw 
from therce as 2 conclufion what before was made the 


fuppofition, 
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fuppofition. Thus, when it is fuppofed that the two 
fidee of a triangle are equal, and thence demonftrate or 
eonclude that the two angles oppofite to thofe fides are 
equal alfo.; then the converfe is to fuppofe that the two 
angles of a triangle are equal, and thence to prove or 
conclude that the fides oppofite to thofe angles are alfo 
equal, 
preeree Direftion, in Aftrology, is ufed in oppo- 
fition to dirc& direétion ; that is, by the latter the pro- 
moter is carried to the fignificator, according to the 
order of the figns: whereas by the other it is carried 
from eaft to weft, contrary to the order of the figns. 
CONVERSION, or Convertrnvo, is when there 
are four proportionals, and it is inferred, that the firft 
is to its excefs above the 2d, as the third to its excefs 
above the 4th: according to Euclid, lib. 5, det. 17. 





Thus, ifit be - - 8:62: 4:3, 
then convertendo, or hy converfion, 8:2 :: 4:1. 
Or if there be - - a cid, 





then convertendo, or by converfion, a:a—5 :: c:e—d, 

CONVEX, round or curved and protuberant out- 
wards, as the:outfide of a globular body. 

Convex Lens, Mirror, &c. See Lens, Mirror, 
&e. ’ 

CONVEXITY, the exterior or outward furface of 
a convex or round body. . 

COPERNICAN, fomething relating to Copernicus. 
As, the 

Copernican Sphere. See Srurre. p , 

Copernican Sy/fem, is that fyftem of the world, in 
which it is fuppofed that the fun is at ret in the centre, 
and the earth and planets all moving around him in 
their own orbits. 

Here it sis fuppofed, that the heavens and ftars are 
at reft; and the diurnal motion which they appear to 
have, from eaft to welt, is imputed to the earth’s diurnal 
motion from weft to eaft. 

This fyftem was maintained by many of the an- 
cierits ; particularly Ecphantus, Seleucus, Ariftar- 
chus, Philolaus, Cleanthes Samius, Nicetas, Heraclides 
Ponticvs, Plato, and Pythagoras; from the laft of 
whom it was anciently called the Pythagoric, or Pytha- 
gorean Syftem. . ra 

This fyftem was alfo held by Archimedes, in his 
hook of the number of the Grains of Sand; but after 
him it became negleéted, and even forgotten, for many 
ages; til about 300 years fince, when Copernicus re- 
vived it; from whom it took the new name of the Co- 

ernican Syitem. Sce the next article. 

COPERNICUS (Nicotas), an eminent aftrono- 
mer, was born at Thorn in Pruflta, January 19, 1473- 
He was inftruéted in the Latin and Greek languages 
at home; and afterward fent to Cracow, where he 
fiudied philofophy, mathematics, and medicme: though 
his genius was naturally turned to mathematics, which 
he chiefly ftudied, and purfued through all ite various 
branches. 3 

He fet out for Italy at 23 years of age ; ftopping 
at Bologna, that he might converfe with the celebrated 
aftronomer of that place, Dominic Maria, whom he 
affifted for fome time in making his obfervations. From 
hence he paffed to Rome, where he was prefently con- 
fidered ag not inferior to the famous Regiomontanus. 
Here he foon acquired fo great a reputation, that he 
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was chofen profeffor of mathematics, which*he taught 
there for a long time with the greatef appiaufe ; and 
here alfo he made fome aftronomical ubfervations abuut 
the year 1500. , 

Afterward, returning to his own country, he beyan 
to apply his fund of obfervations and mathematics 
knowledge, to correcting the fyitem of aitronomy wi 
then prevailed. He {ct about collecting all the books 
that had beea written by philofophers and aftronomers, 
and to examine all the various hypothefes they had in- 
vented for the folution of the celeftial phenomena; to 
try if a more fymmetrical order and conititution of the 
parts of the world could not be difcovered, and a more 
juft and exquifite harmony in its motions eftablifhed, 
than what the afironomers of thofe times fo eafily ud« 
mitted. Bat of all their hypothefes, none pleafed him 
fo well as the Pythagorean, which made the fun to be 
the centre of the fyitem, and fuppofed the earth to 
move both round the fun, and alfo round its own axis. 
He thought he difcerned much beautiful order and pro- 
portion in this; and that all the embarraffment and 
perplexity, from epicycles and excentrics, which attend- 
ed the Ptolemaic hypothefes, would here be entirely re- 
moved, 

‘This fyftem he began to confider, and to write upon, 
when he was about 35 years of age. He carefully con- 
templated the phenomena ; made mathematical calcula- 
tions; examined the obfervations of the antients, and 
made new ones of his own; till, after more than 20 
years chiefly {pent in this manner, he brought his fcheme 
to pericétion, eftablifhing that fyftem of the world 
which goes by his name, and is now univerfally received 
by all philofophers. 

This fytem however was at firft looked upon as a 
moft dangerous herefy, and his work had long been 
finifhed and perfected, before he could be prevailed upon 
to give it to the world, being ftrongly urged to it by 
his friends. At length yielding to their intreaties, it 
was printed, and he had but juft received a perfe& copy, 
when he died the 24th of May 1543, at 70 years of 
age; by which it is probable he was happily relieved 
from the violent fanatical perfecutions of the church, 
which were but too likely to follow the publication of 
his aflronomical opinions ;_ and which indeed was after- 
ward the fate of Galileo, for adopting and defending 
them. 

The above work of Copernicus, firft printed at No- 
rimberg in folio, 1543, and of which there have been 
other editions fince, is intitled De Revolutionibus Orbium 
Calefium, being a large body of aftronomy, in 6 books. 

When Rheticus, the difciple of our auther, returned 
out of Pruffia, he brought with him a tract of Coper- 
nicus, on plane and fpherical trigonometry, which he 
had printed at Norimberg, and which contained a table 
of fines. It was afterward printed at the end of the 
firit book of the Revolutions. An edition of our au- 
thor’s great werk was alfo publifhed in gto at Amfter- 
dam in 1617, under the title. of Afrouomia Inflaurata, 
illuftrated with notes by Nicolas Muler of Groningen, 

COPERNICUS, the name of an aftronomical initra- 
ment, invented by Whifton, to fhew the motion and 
phenomena of the planets, both primary and fecondary. 
It is founded upon the Copernican fyftem, and there- 
fore called by his name. 
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_ COR Casout, Charles's Heart, an extra-conftellated 
flar of the 2d magnitude in the northern hemifphere, 
between the Coma Berenices and Urfa Major; fo 
called by Sir Charles Scarborough, in honour of king 
Charles I. 

Cor Hype, the Hydra’s Heart, a far of the- 2d 
magnitude, in the Heart of the conftellation Hydra. 

Cor Leonss, Lion’s Heart, or Regulus, a ilar of 
-the firlt magnitude in the conftellation Leo. 

Cor Scorpi. See Anrares. 

CORBEILS, in Fortification, are little bafkets about 
a foot and a half high, 8 inches broad at the bottom, 
and 12 at the top; which being filled with earth, are 
fet againft one another on the parapet, or elfewhere, 
leaving certain port-holes, from whence to fire uader 
cover upon the enemy. 

CORBEL, in Archite@ture, the reprefentation of 
2 bafket, fometimes feen on the heads of caryatides. 

Cornet, or Corsit, is alfo ufed, in Building, for 
a fhort piece of timber placed in a wall, with its end 
projecting out 6 or 8 inches, as occafion ferves, in the 
manner of a fhouldering-piece. 

CORBET, the fame as Corner. 

CORDON, in Fortification, a row of ftones jutting 
out between the rampart and the bafis of the parapet, 
like the tore of acolumn. The cordon ranges round 
the whole fortrefs, and ferves to join the rampart, which 
is aflope, and the parapet, which is perpendicular, more 
agreeably together. 

In fortifications raifed of earth, this {pace is filled up 
with poin'ed ftakes, inftead of a cordon. 

CORDS, in Mufic, are the founds produced by an 
inflrument or the voice. 

CORIDOR, or Corrinor, in Fortification, is the 
covert-way lying round about the whole compafs of the 
works of a place, between the outfide of the moat and 
the pallifadoes, being about 20 yards broad. 

Corinor is alfo ufed, in ArchiteCture, for a gallery. 
or long aile, around a building, leading to feveral cham- 
bers at a diftance from each other, fometimes wholly 
inclofed, and fometimes open on one fide. 

CORINTHIAN Order, of Architecture, is the 4th 
in order, or the 5th and laft according to Scamozzi and 
Le Clerc. : 

"This order was invented by an Athenian Architeét, 
and is the richeft and moft delicate of them all; its ca- 
pital being adorned with rows of leaves, and of 8 yolu- 
tas, which fupport the abacus. ‘The height of its cc- 
lumn is 10 diameters, and its cornice is fupported by 
modillions. 

CORNEA Tunica, the fecond coat of the eye; fo 
called from its fubitance refembling the horn of a Jan- 
tern. This is fituated in the fore-part 5 and is furround- 
ed by the fclerotica. It has a greater convexity than 
the reft of the eye, and is a portion of a {mall fphere, 
or rather fpheroid, and confolidates the whole eye. 

CORNICE, Cornicur, or Coanisk, the third and 
uppermoft part of the entablature of a column, or the 
uppermoft ornament of any wainfcotting, &e. 
COROLLARY, or Consectasy, a confequence 
dvawn from fome propofition or principles already ad- 
wanced or deronftrated, and without the aid of any 
other propofition: as if from this theorem, That a 
triangle which has two equal fides, has alfo two equal 
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angles, this confequence fhould be drawa, that a triangle 
which hath the three fides equal, bas alfo its three angles 
equal. 

CORONA, Crown or Crowning, in Avchiteture, the 
flat and moft advanced part of the cornice ; fo called, 
becaufe it crowns the cornice and entablature: by the 
workmen it is called the drip, as ferving by its projec- 
ture to fcreen the reft of the building from the rain, 

CORONA, in Optics, a luminous circle, ufuaily co- 
Joured, round the fun, moon, or largeft planets. See 
Hato. 

Corona Borealis,or Scptentrionalis, the Northern Crown 
or Garland, a conftellation of the northern hemifphere, 
being one of the 48 old ones. It contains 8 flars ac- 
cording to the catalogue of Ptolomy, Tycho, and He- 
yelius ; but according to the Britannic Catalogue, 21. 

Corona Auflralis, or Meridianalis, the Southern 
Crown, a conitellation of the fouthern hemifphere, 
whofe ftars in Ptolomy’s catalogue are 13; in the 
Britifh Catalogue, 12. 

CORPUSCLE the diminutive of corpus, ufed to 
exprefs the minute parts, or particles, that conftitute 
natural bodies ; meaning much the fame as atoms. 

Newton shews a method of determining the fires of 
the corpufcles af bodies, from their colours, 

CORPUSCULAR Philnfophy, that {cheme or fyf- 
tem of phyfics, in which the phenomena of bodies are 
accounted for, from the motion, ref, pofition, &c, of 
the corpufcles or atoms of which bodies confit. 

"Phe Corpufcular philofophy, which now flourifhes 
under the name of the mechanical philofophy, is very 
ancient. Leucippus and Democritus taught it in 
Greece ; from them Epicurus received it, and improved 
it; and from him it was called the Epicurean Philofophy. 

Leucippus, it is faid, received it from one Mochus, 
a Phenician phifiologift, before the time of the Trojan 
war, and the firft who philofophized about atoms : 
which Mochus is, according to the opinion of fome, the 
Mofes of the Scriptures. 

After Epicurus, the corpufcular philofophy gave 
way to the peripatetic, which became the popular fyf- 
tem. Thus, initead of atoms, were introduced {peci- 
fic and fubftantial forms, qualities, fympathies, &c, 
which amufed the world, till Gaflendus, Charleton, 
Defcartes, Boyle, Newton, and others, retrieved the 
corpulenlarian hypothefes ; which is pow become the 
bafis of the mechanical and experimental philofophy. 

Boyle reduces the principles of the corpufcular phi. 
lofophy to the 4 following heads, 

1. That there is but one univerfal kind of matter, 
which is an extended, impenetrable, and divifible fub- 
ftance, common to all bedies, and capable of all {. rms, 
—On this head, Newton fincly remarks thus: “ All 
things confidered, it appears probable to me, that God 
in the beginning created matter in folid, hard, in pene- 
trable, moveable particles ; of fuch fizes and iigures, 
and with fuch other properties, as moft concuced to 
the end for which he formed them: and that thefe pri- 
mitive particles, being folids, are incomparably harder 
than any of the fenftble porous bodies compounded of 
them ; even fo hard as never to wear, or break in 
pieces: no other power being able to divide what 
God made one in the firft creation. While thefe cor- 
pufeles remain entire, they may compofe bodies of one 
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and-the fanie nature and texture in allages! but. fhould 
they wear away, or break in pieces, the nature of 
things depending on them would he changed: water 
and earth, compofed of old worn particles, of frag- 
ments of paiticles, would not be of the fame nature 
and texture now, with water and earth compofed of 
entire particles at the beginning. And therefore, that 
nature may be lating, the changes of corporeal things 
are to be placed only in the various feparations, and 
new affociations, of thefe permanent corpufcles.” 

2. That this matter, in order to form the vaft va- 
riety of natural bodies, mult have motior in fome, 
or all its affignable parts; and that this motion was 
given to matter by God, the creator of all things ; 
and has all manner of ‘directions and tendencics.— 
« Thefe corpufcles, fays Newton, have not only a vis 
inertiz, accompanied with fuch paffive laws of motion 
us naturally refult from that force; but alfo are moved 
by certain attive principles ; fach as that of gravity, and 
that which caufes fermentation, and the cohetion of bo- 
dies,”? 

3. That matter muft alfo be aftually divided into 
parts ; and each of thefe primitive particles, fragments, 
or atoms of matter, muft have its proper magnitude, 
figure, and fhape. 

4, That thele differently fized and fhaped particles,. 
have different orders; pofitions, fituations, and pof- 
tures, from whence all the variety of compound bodies 
arifes. 

CORRIDOR. See Coripor. 

CORVUS, the Raven, a fouthern conftellation,. 
fabled by the Greeks, as taken up to heaven by 
Apollo, to whom it tattled that the beautiful .maid 
Coronis, the daughter of Phlegeos, and mother of 
Efculapius by Apollo, played the deity falfe with 
Ifchys, under a tree upon which the animal happened 
to be perched. 

The ftars in this conftellation, in Ptolomy’s and 
Tycho’s catalogues are 75 but in the Britannic cata- 
logue, 9. 

‘COSECANT, COSINE, COTANGENT, CO- 
VERSED SINE, are the fecant, fine, tangent, and 
verfed fine of the complement of an arch or angle; Co 
being, in this cafe, 2 contration of the word comple- 
ment, and was firft introduced by Gunter. 

COSMICAL Aspect, among aftrologers, is the 
afpect of a planet with refpe& to the earth. 

Cosmicat Rifng,. or Setting, isfaid of a ftar when 
it rifes or fets at the fame time when the fun rifes. 

But, according to Kepler, to rife or fet cofmically, 
is only fimply to rife or fet,*that is, to afcend above, 
or defcend below, the horizon; as much as to fay, to 
rife or fet to the world. 

COSMOGONY, the fcience of the formation of 
the univerfe ; as diftingvifhed from cofmography, which 
is the fcience of the parts of the univerfe, fuppofing 
it formed, and in the ftate as we behold it; and from 
cofmology, which reafons on the aétual and permanent 
ftate of the world as it now 's; whereas cofmogony 
reafons on the variable -ftate of the world at the time 
of its formation. 

COSMOGRAPHY, the défcription of the world ; 
or the art that tcaches the conftruction, figure, difpo- 
fition, aud relation of all the parts of the world, with 
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the manner of reprefentiag them on 2 plane.* It con- 
fills chiefly of two parts; viz, Afronemy, which thewa 
the flru@ure of the heavens, with the difpofition of the 
fkars ; and Geography, which fhews thofe of the earth. 

COSMOLOGY, the f{cience of the world in ge 
neral. 

COSS, Rule of, meant the fame as Algebra, by 
which name it was for fome time called, when firft in- 
troduced into Europe through the Italians, who named 
it Regula de Cofa, the Rule of the thing ; the unknown 
quantity, or that which was required in any queltion, 
being called cofa, the thing ; trom whence we have 
Cols,. and Coffic numbers, &c. 

COTES (Roczr), a very eminent mathematician, 
philofupher, and aftronomer, was bora July 10, 1682, + 
at Burbach in Leicetterfhire, where his father Robert 
was rector. He was firft placed ‘at Leicefter {chool ; 
where, at 12 years of age, he difcovered a {trong in- 
clination to the mathematics. This. being obferved 
by his uncle, the Rev. Mr. John Smith, he gave him 
all the. encouragement he could; and prevailed on his 
father to fend him for fome time to. his houfe in Lin- 
colnfhire, that he might affift him in thofe ftudies: and 
here he laid the foundation of that deep and extenhve ” 
knowledge in that {cience, for which he was afterward 
fo defervedly famous. He was hence removed to St. 
Paul’s fchool, London, where he made a great. pro- 

refs in claffical learning ; and yet he found fo much 

eifure as to fupport a conttant correfpondence with his 
uncle, not only in mathematics, but alfo in meta- 
phyfics, philofophy, and divinity. His next remove 
was to ‘Trinity College Cambridge, where he took his - 
degrees, and became fellow. 

Jan. 1706, he was appointed profeffor of aftrenomy 
and experimental philofophy, upon the foundation of 
Dr Thomas Plume, archdeacon of Rochelter ; being 
the firft that enjoyed that office, to which he was 
unanimoufly chofen, on account of his high repute~ 
tion and merits. He entered into orders in 1713.3 and: 
the fame year, at the defire of Dr. Bentley, he pyb- 
lithed at Cambridge the fecond edition of Newton’s 
Mathematica Principia; inferting all the improve- 
ments which the author had made to that time. To - 
this edition he prefixed a moft admirable preface, in 
which he pointed out the true method of philofo- 
phifing, fhewing the foundation on which the New- 
tonian philofophy was raifed, and refuting the objec- 
tions ef the Cartefians and all other philofophers againit 
it. 

The publication of this edition of Newton’s .Prin- 
cipia added greatly to his reputation; nor was the ¢ 
high opinion the public now conceived of him in the 
leaft dim{nifhed, but rather much increafed, by feve- 
ral produ€tions of his own, which afterward appeared, 
He gave in the Philof. Tranfactions, two papers, viz, . 
1, Lagometria, in vol. 29; anda Defcription of the 
great fiery meteor that was feen March 6, 1716, in 
vol..31. 

This extraordinary genius in the mathematics died, 
to the great regret of the univerfity, and all the lovers 
of the fciences, June 5, 1716, in the very prime of 
his life, being not quite 34 years of age. 

Mr. Cotes left behind him fome very ingenious, and 
indeed.admirablé trats, pant of which, with the Lo- 
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metria “above mentioned, were publifhed, in 1722, 
y Dr. Robert Smith, his coufin and fucceffor in his 
profefarthip, afterward matter of Trinity College, un- 
der the title of Harmonia Menfurarum, which contains 
a number of very ingenious and learned works: fee 
the Introdu@tion to my Logarithms. He wrote alfo 
a'Gompendium of Arithmetic 3 of the Refolution of Equa- 
tions 3 of Dioptrics 5 and of the Nature of Curves. Be- 
fide thefe pieces, he drew up, in the time of his lec- 
tures, a courfe of Hydroftatical and Pneumatical Ledures, 
in Englith, which were publifhed alfo by Dr. Smith in 
vo, 1737, and are held in great eflimation. 

So high an opinion had Sir Ifaac Newton of our 
author's genius, that he ufed to fay, “ If Cotes had 
lived, we had known fomething.” 

COTESIAN theorem, in Geometry, an appellation 
ufed for an elegant property of the circle difcovered by 
Mr. Cotes. The theorem is this: 

Tf the fa&tors of the binomial a* + =* be required, 


+ fy + wn 7 
the index ¢ being an integer number. With the cen- 


tre O, and radius AO = a, defcribe a circle, and di- 





vide its circumferance into as many equal parts as there 
are units in 2c, at the points A, B,C, D, &c; then 
in the radius, produced if neceffary, take OP =x, 
and from the point P, to all the points of divifion in 
the circumference, draw the lines PA, PB, PC, &e3 
fo fhall thefe lines taken alternately be the factors 
‘fought; viz, 
PB x PD x PF &c = at + *% 

andPA x PC x PE &e = & ta xe, viz, ao— xe or 
xteat, according as the point P is within or without 
“the circle. 

For inftance, if ¢ = 5, divide the circumference into 
10 equal parts, and the point Pbeing within the circle, 
then will OAS + OPS = BP x DP x FP x HPx KP, 

and OAS —-OPS=AP x CP xEPx GPx IP. 

In like manner, if ¢ = 6, having divided the cir- 
cumference into 12 equal parts, then will 
OAS + OPS = BP x DP x FP x HP x KPx MP, 
OA‘ — OP§= AP x CP x EP x GP x IP x LP. 

The demonttration of this thcorem may be feen in 
Dr. Pemberton’s Epift. de Cotefii inventis. See alfo 
Dr. Smith’s Theoremata, Logometrica and Trigono- 
metrica, added to Cotes’s Harm. Menf. pa. 1143 De 
Moivre Mifcel. Analyt. pa- 175 and Waring’s Letter 
to Dr. Powell, pa. 39- 

By means of this theorem, the acute and elegant 
author was enabled to make a farther progrefs in the 
jnverfe method of Fluxions, than had been done be- 
fore.  But.in the application of his difeovery there 
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{ill remained a limitation, which was removed by Mr, 
De Moivre. Vide ut fupra. 

COVERT-Way, in Prtification, a {pace of ground 
level with the adjoining country, on the outer edge of 
the ditch, ranging quite round all the works. ‘This 
is otherwife called the corridor, and has a parapet 
with its banquette and glacis, which form the height 
of the parapet. It is fometimes alfo called the counter- 
fearp, becaufe it ison the edge of the fcarp. 

One of the greatett difficulties in a fiege, isto make 
a lodgment on the covert-way 5 becaufe it is ufuat 
for the befieged to palifade it along the middle, and 
undermine it on all fides. 

COVING, in Building, si when houfes are built 
projecting over the ground plot, and the turned pro- 
jeCture formed into an arch. 

Covine Cornice, is one that has a large cafemate or 
hollow in it. 

COUNT-Wuee1, is a wheel in the ftriking part of 
aclock, moving round once in, 12 or 24 hours. It is 
fometimes called the Jocking-wheel, becaufe it has ufually 
11 notches in it at unequal diftances from one another, 
to make the clock ftrike. 

COUNTER-ArProacHeEs, in Fortification, lines 
or trenches made by the befieged, where they come out 
to attack the lines of the befiegers in form. 

Counrer-Barrery, a battery raifed to play on 
another, to difmount the guns, &c. 

CounTer-Breast-Work, the fame as Fauff-Braye. 

Counrer-Forts, Buttrefes, or Spurs, are pillars of 
mafonry ferving to prop or fultain walls, or terraces, 
fubjeét to bulge, or be asfoaes down. 

oUNTER-FuGUE, in Mufic, 
ceed contrary to one another 

CounTeR-Guarp, in Fortification, a work com- 
monly ferving to cover a bation. It is compofed of 
two faces, forming a falient angle before the flanked 
angle of a baition. 

Counter-HarMonicale 
NICAL. 

CounTer-Mine, a fubterraneous paflage, made by 
the befieged, in fearch of the enemy’s mine, to give 
air to it, to take away the powder ; or by any other 
means to fruftrate the effect of it. 

Counrer-Part, a term in Mufic, only denoting 
that one part is oppofite to another, fo, the bafs and 
treble are counterparts to each other. 

Counter-Potnt, in Mufic, the art of compofing 
harmony ; or difpofing and concerting feveral parts to 
together, as that they may make an agreeable whole. 

CounTeR-Porse, anything ferving to weigh againf 
another 3 particularly a piece of metal, ufually of brafs 
or jron, making an appendage to the Roman flatera, 
or fteel-yard. ee js contrived to flide along the beam 5 
and from the divifion at which it keeps the balance in 
equilibrio, the weight of the body is determined. It 
js fometimes called the pear, on account of its figare 5 
and maft, by reafon of its weight. 

Rope-dancers make ufe of a pole by way of counter- 
poife, to keep their bodies in equilibrio. 

COUNTERSCARP, is that fide of the ditch that 
is next the country 5 oF properly the talus that fup- 

rts the earth of the covert-way: though by this 
word is often underftood the whole covert-way, with 
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its parapet and glacis. And fo it mutt be underftood 
. when. it is faid, ‘The enemy lodged themfelves on the 
counterfearp. 


CounTEer- SWALLOWS-TAIL, is an outwork in For- 
tification, in form of a fingle tenaille, wider towards 
the place, or at the gorge, than at the head, or next 
the country. - 

Counrer-renor, one of the mean or middle parts 
of mufic : fo called, as being oppofite to the tenor. 


COURSE, in Navigation, the point of the com- . 


pafs, or horizon, which a fhip fteers on; or the angle 
which the rhumb line on which it fails makes with the 
meridian ; being fometimes reckoned in degrees, and 
fometimes in points of the compafs. 

When a hhip fails either due north or fouth, the fails 
on a meridian, makes no departure, and her diftance 
and difference of latitude are the fame. 

When fhe fails due ealt or weft, her courfe makes 
right-angles with the meridian, and .fhe fails either 
upon the equator, or a parallel to it; in which cafe 
fhe makes no difference of latitude, but her diftance 
and departure are the fame. io 

But when the fhip fails between the cardinal points, 
ona courfe making always the fame oblique angle with 
the meridians, her path i$ then the loxodromic curve, 
being a fpiral cutting all theymeridians in the fame 
angle, and terminating in the pole, 

COURTAIN. See Cugrix. 

CRAB, in Mechanics, an engine ufed for mount- 
ing guns, on their carriages. See Gin. 

Cran, on fhip-board, is a wooden pillar, whofe 
lower end is let down through the fhip’s decks, and 
refts upon a focket like the capftan: in its upper end 
are three or four holes, at different heights, Heoect 
the middle of it, above one another, to receive long 
bars, againft which men act by puthing or thrufting.— 
It is employed to wind in the cable, and for other 
purpofes requiring a great mechanical power. 

The Crab with three claws is ufed to launch fhips, 
and to heave them into the dock, or off the key. 

. CRANE, a machine ufed in building, and'in com- 
merce, for railing large {tones and other weights. 

M.,.Perrault, im his notes on Vitruvius, makes the 
erane the fame with the corvus, or raven, of the an- 
cients, 

~The modern crane confifts of feveral members or 
pieces, the principal of which is a ftrong upright beam, 
or arbor, firmly fixed in the ground, and fuftained by 
cight arms, coming from the extremities of four pieces 
of wood laid acrofs, through the middle of which the 
foot of the beam paffes. About the middle of the ar- 
bor the arms meet, and are mortifed into it: its top 
ends in an iron pivot, on which is borne a tranfverfe 
“piece, advancing out to a good diftance like a crane’s 
neck ; whence the name. ‘T'he middle and extremities 
of this are again fuflained by arms from the middle of 
the arbor: and over it comes a rope, or cable, to one 
end of which the weight is fixed; the other is wound 
about the {pindle of a wheel, which, turned, draws the 
rope, and that heaves up the weight ; to be afterwards 
applied to any fide or quarter, by the mobility of the 
tranfverfe piece on the pivot. : 
. Several improvements of this ufeful machine are 
nas in Defaguliers’s Exper. Philof, pa. 178 & 
. Vou, L 
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feq. particularly “how to prevent the’ inconveniences _ 
arifing from fudden jerks, #3 well as to increafe its 
force by ufing a double axis in peritrochio, and two 
handles. . : 

The Crane is of two kinds; in the firft kind, called. 
the rat-tailed crane, the whole’ machine, with the load, 
turns upon a ftrong axis: in the fécond kind, the gib- 
bet alone moves onits axis. See Defaguliers, as above, 
for a particular account of the different cranes, and 
of the gradual improvements they have received. See 
alfo the Supplement to Fergufon’s Lectures, pas 3, &ey 
or Philof. Brant, ‘vol. 54, pa. 24, for a defcription of a 
new and fafe crane, with four different powers adapted 
to different weights. an 
Crane is the name of a fouthern conftellation. See 
Gaus. 4 et 

Crane is alfo'a popular name for a fyphon.. * ~ 

CRANK, a contrivance in machines, in manner of 
ap elbow, only of a {quare form ; projecting out from 
an axis, or fpindle; and ferving, by its rotation, to 
raife and fall the piftons of engines for raifing water, or 
the like. : : 

CRATER, the Cup, a conftellation in the fouthemn 
bemifphere ; whofe ftars, in Ptolomy’s catalogue, are 
73 in Tycho’s, 8; in Hevelius’s, 10; sh in the 


Britannic catalogue, 31. 


CREEK, a part of a haven, where any thing is 
landed from the fea. It is alfo faid to be a fhore or 
bank on which the water beats, running in a {mall 
channel from any part of the fea. . : 

» CREPUSCULUM, Twilight; the time from the | 
firft dawn or appearance of the morning, to the rifing 
of the fun ; and again, between the fetting of the fun, 
and the laft remains of day. 

The Crepufculum, or twilight, it is fuppofed, ufually 
begins and ends when the fun is, about 18 degrees be- 
low the horizon; for then the flars of the: 6th mag- 
nitude difappear in the morning, and appear in the 
evening. It is of longer duration in the folftices than 
in the equinoxes, and longer in an oblique {fphere, than 
in a right one ; becaufe, in thofe cafes the fun, by the 
obliquity of his path, is longer in afcending through 
18 degrees of altitude. 





Twilight is occafioned by the fun’s rays refracted in 
our atmofphere, and reflected from the particles of it 
to the eye. For let A be the place of an obferver on 
the earth ADL, AB the fenfible horizon, “meeting in 
B the circle CBM bounding that part of the atmo. 
{phere which is capable of refracting and refleing light 
to the eye. It is plain that when the fun is under this 

Xx : horizon, 


(eRE 


-horizen, ‘no diveét pays can come to the eye at As 
but the fun being in the refrafted line CG, the parti- 
cle C will be illuminated by the dire@ rays-of the fun 5 


and that particle may reflect thofe rays to A, where ° 


_ they enter the eye of the {peGator. And thus the 
~{un’s light illuminating an Inpumerable multitude of 


particles, may be all reflected to the fpectator at A.— . 


From B draw BW touching the circle ADL in D5 
and let the fun be in the line BD at S: Then the ray 
. SB will be refleGicd into BA, and will snter the eye, 
becaufe the angle of incidence DBE is equal to the 
angle of reflection ABE: And that will -be the fird 
ray that reaches the eye in the morning, when the 
Cawning begins ; or the laft that falls upon the eye 
at night, when the twilight ends: for when the fun 


goes lower down, the particles at B can be no longer 


dluminated. ~ os a eee ‘ 
_» Kepler indeed affigns another caufe of the crepu& 
eulum, viz, the luminous matter or atmofphere about 
the fan; which, arifing near the horizon, in a civeu- 
lar figure; exhihits the crepufculum ; in no wife, he 
thinks, owing to the refraction of the atmofphere. 
The fun’s luminous atmofphere indeed, though neither 


the fole nor principal caufe of twilight, may lengthen * 


its duration, by illuminating our air, when the {un is 
too low to reach it with his own light. . Gregor, Aftr. 
Jib. 2, prop. 8. > ae 
. The depth of the fun below the horizon, at the beginning 
of the morning, or end of the evening twilight, is deter- 
. mined in the fame manner as the arch of vifion; via, 
by obferving the moment when the air firft begins to 
fhine in the morning, or ceafes to fhine in the evening’ 
then finding the fun’s place for that moment, and 
thence the time till his rifing in the horizon, or from 
* his fetting in it in the evenings “It is now generally 
agreed that this depth is about 18 degrees upon an 


average.—Alhazen found it to be 19°; ‘T'ycho, 17°. 


Rothmann, 24° ; Stevening, 18°; Caflini, 15° ; Riccioli, 
jn the equinox in the morning 16%, ia the evening 20° 
30’; in the fummer folftice in the morning 21° 25’, ia 
the winter folftice in the morning 17° 25° 
Nop ts this difference among the determinations. of 
5™aftronomers to, be wondered at ; the caufe of the cre- 
pufevlam being inconftant: for, if the exhalations in 
the atmofphtre bg either more copious, ot higher, than 
ordinary ; the moming twilight will begin fooner, and 


the evening hold Jonger than ordinary :. for the more - 
copious the exhalations are, the more rays will they - 


fefle€t, confequently the more will they fhine; and the 
higher they are, the fooner will they be illuminated b 

the fun; On this account too, the evening twilight 1s 
longer than the morning, at the fame time of the year 
in the fame place. To this it may be added, that in 
a denfer air, the refraction is greater; and that not 
only the brightnefs of the atmofphere is variable, but 
alfo its height from the earth: and therefore the twi- 


light is longer in. hot weather than in cold, in fummer - 


than in winter, and alfo: in hot countries than in- cold, 
other. circumftances being the fame. But the chief 
differences are owing to the different fituations: of 
places upon the earth, or to the difference of the fun’s 
place in the heavens. Thus, the twilight is fongett in” 
a parallel fphere, and fhorteft: in a right fphere, and 
longerto places in an oblique {phere in proportionas they 
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“are nesrer to’ one of the poles yacircumftance which af 
: fords relief to the inhabitants of the. more northern coun- 
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tries, in theirlong wiater nights. And thetwilights are 
Jongelt in all places of north latitude, when the fun is in. 
the tropic of cancers and to thofe in fouth latitude, 
when he is inthe tropic of capricom. ‘The time of the ~ 
fhorteft twilight, is alfo different in different latitudes ; 
in England, it is about the beginning of Qétcber and 
of March, when the fun is in the figns » and %. 
For the method of determining it by trigonometry, 
fee Gregor. Aftron. lib. 2, prob. 41, See alfo Robert- 
fon’s Navigation, book §, prob. t2.—Lience, when 
the difference between the fun’s declination ands the 
depth of the equator is lefs than 18°, fo that the fun. 
does not defcend more than 18° below the horizons, 
the crepufculum will continue the whole night, as is. 


~ the cafe in England from about the 22d of May to the. 


22d of July. 7 

Given the latitude of the place, and’ the fun's. declina- 
tion 3 to find the beginning of the morning, and end of the 
evening: twilight.—In the oblique-angled {pherical tri- 
angle ZPS, are given ZP the colatitude, PS the: 
codeclination, and ZS = 108°, being the fam of go” 
the quadrant and 18° the depreflion at the extremity: 
of the twilight. Then, by fpherical trigonometry,. 
calculate the angle ZPS the hour-angle from noon} 
which changed into time, at the rate of 15° to the 
hour, gives the time from noon. at the beginning or 
end of twilight. See Robertfon, ubi fupra. 

Of the Height of the fenfible Atmofphere, as de- 
termined from the duration of twilight, fee Keil’s. 
Aftron. Le&. le&t. 20, pa. 235, ed. 1721 5 or cong 
Attrori. vol. 1, pa. 260 ; where it is determined that the 
height where the atmofphere is denfe enough to refle& 
the rays.of light, is about 42 miles, . 

Crescent, the new moon, which, as_it begins to 
recede from the fun, fhews a {mall rim of light, ter~ 
minating in horns or points, which are flill increafing,. ° 
till it becomes full, and reund in the oppofition. 

The term is fometimes alfo ufed for the fame figure’ 
of the moon in her wane, or decreafe, but improperly 5 
both becaufe the horns are then turned towards the 
welt, afd becaufe the figure is on the decreafes the 
crefeent properly fignifying increafe, from arefco, F 


"OW. 
#CRONICAL.” See Acronicar. -- os 
~ CRONOS, a name given to Saturn by fome of the 
old aftronomical writers. __- ea as wes 
-. CROSIER, four flars, in form of a crofa; by the - 
help of which, thofe that fail in the fouthern hemi” 
Aphere find the antarétic pole. . 
~ CROSS, in Surveying, is an inftrument confifting 
of a brafs circle, divided into 4 equal parts, by two. 
lines croffing each other in the centre.. At each extre- 
mity of chefe Tines is fixed a perpendicular fight, with. 
{mall holes below each flit, for the better difcovering 
of diftant obje&s, The crofs is mounted on a ftaff, or 
ftand, to fix it in the ground, and is very ufeful for 
meafuring {mall pieces of land, and taking offsets, &cs - 
Ex: Suppofe it be required to furvey the field 
ABCDE with the-Crofs. Meafuré along the diagonal 
line AC, and obferve, with the Crofs, when you are 
perpendicularly oppofite to the corners, as at F, G, H,. 
and from thence-meafure the perpendiculars. FE, ht 


5 


- RO 


HD. When you think you are nearly oppofite a cor- 
ner, fet up-the crofs, with one of the bars or crofs lines 
in the direétion AC; then look through the fights of 
the other crofs bar for the corner, as B; if it be feen 
through them, the crofs is fixed in the right place; if 
not, take it up and move it hackward or forward in the 
line AC, till the point B be feen through thofe fights; 
and then you have the true place of the perpendicular. 





Lncention of the Cross, Inventio Crucis, an ancient 
fealt, which is ftill retained in our calendar, and folem- 
nized on the 3d of May, in memory of the finding of 
the true Crofs of Chrift, deep in the ground, on Mount 
Calvary, by St. Helena, the mother of Conftantine ; 
where ‘fhe ere&ted a church for the prefervation of part 
of it; the reft being brought to Rome, and depofited 
in the church of the Holy Crofs of Jerufalem. 

Exaltation of the Cross, an ancient feait, held on the 
4th of September, in memory of this, that Heraclitus 
reitored to Mount Calvary the true crofs, in 642, which 
had been carried off, 14 years before, by Cofroes king 
of Perfa, upon his taking Jerufalem from the emperor 
Phocas. This feaft is ftill retained in our calendar, on 
Sept. 14, under the denomination of Holy Rood, or 

. Holy Croft. 

Cross-Muztipricarion, a method ufed chiefly by 
artificers in multiplying feet and inches by feet and 
inches, or the like; fo called, becaufe the factors are 
multiplied crofs-wife, thus: 





fk 
9 10 
6 8 
so. 9 
6 6 8 
65 6 8 





Cross-Starr, or Fore-Staf, is a mathematical in- 
ftrument of box, or pear tree, confifting of a fquare 
ftaff, of about 3 feet long, having each of its faces di- 
vided like a line of tangents, and having 4 crofs pieces 
of unequal lengths to fit on to the ftaff, the halves of 
thefe being as the radii to the tangent lines on the faces 
of the {taff.—The inftrument was ufed in taking the al- 
titudes of the celeftial bodies at fea. 
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CRY 
CROUSAZ (Joun Perer ve), a-learned phitofe. 


pher and mathematician, was born at Laufanne in’ 
Switzerland, April 13, 1663; where he died in 7748. 
at 85 years of age. Having made great progrefs in ma- 
thematics and the philofophy of Des Cartes, he travelled” 
into Geneva, Holland, and France. He was fuccel. 
fively profeffor in feveral univerfities; and at length 
was chofen governor to Prince Frederick of Helfe- 
Caffel, nephew to the king of Sweden. 

Croufez was author ef many works, in various 
branches; belles-lettres, logic, philofophy, divinity, 
&c, &c; but the moft effeemed of them are, 1. His 
Logic; the beft-edition of which is that of 1741, in 6 
vols. 8vo.—z. A Treatife on Beauty.—3. A Treatife ou 
Education, 2 vols, 12mo.—4. A Treatife on the Hue 
man Underftanding.—5. Several Treatifes on Philofo- 
phy and Mathematics; as a Treatife on Motion, &c. 


with feveral papers inferted in the Memoirs of the 


French Academy of Sciences. 
CROW, in Mechanics, an iron lever, made with a 
fharp point at one erid, and two claws at the other; 
being ufed in heaving and purchafing great weights, &«. 
CROWN, in Aftronomy, a name given to two con. 
ftellations, the fouthern and the northern, 

Crown, in Geometry, a plane ring included be. 
tween two parallel or coucentiic peripheries, of unequal 
circles. ; 

The area of this is had, by multiplying its breadth 
by the‘length of a middle periphery, which is an, arith- 
mpetical mean between the two peripheries that bound 
it; or by multiplying half the fum of the circumfe- 
rences by half the difference of the diameters; or laftly 
by multiplying the fum of the diameters by the differ- 
ence of the diameters, and this laft product by -7854. 
See my Menfuration, pa. 148, 2d ed. 

Crown-Pof, is a pot in fome buildings Standing 
upright in the middle, between two principal rafters 5 
and from which proceed ftruts.or braves to the middle 
of each rafter. It is otherwife called a king-pof, or 
ting’ s-piece, or jogstepiece 

Crown-Wheel, of a Watch, is the upper wheel next 
the balance, or that which drives the balance. 

Crown-Work, in Fortification, is an out-work run. 
ning into the field; defigned to keep off the enemy, 
gain forne hill, or advantageous poft, and cover the 
other works of the place. It ¢onfifts of two demi-bal- 
tions at the extremities, and an entire baftion in the 
middle, with curtains. 

Crownep Horn-work, is a Horn-work with a crown- 
work before it. 

CRYSTALLINE Humour, is a thick compact hu- 
mgur of the eye, in form of a flattifh convex lens, 
placed in the middle of the eye, and ferving to make 
that refraction of the rays of light which is neceffary to 
have them meet in the retina, and form an image there, 
by. which vifion may be performed. 

CrysTaLuine Heavens, in the Old Aftronemy, two 
orbs imagined between the primum mobile and the fir-- 
mament, in the Ptolemaic fyftem, which fuppofed the 
heavens folid, and only fufceptible of a fingle motion. 

King Alphonfus of Arragon, it is faid, introduced 
the Cryftallnes, to explain what they, called the motion 
of trepidation, or titubation. 4 

The firft Cryftalline, according to Regiomontanus, 

Xx2 . &ey 


cuB_ ‘ 


&c, ferves"to accourt for the flow motion of the fixed 
ftars; by which they advance.a degree in about 70° 
years, according. to the order of the figns, or from weft 
to eaft; which occafions a preceffion of the equinox. 


. The 2d ferves to account for the motion of libration, 


Pat 
’ face then this multiplied by 6, the number of faces,. 


or trepidation ; by which the celeftial fphere librates 
from one pole towards the other, caufing a difference 
in the fun’s greateit declination. 

CUBATURE, or Cusarton, of -a folid, is the 
meafuring the {pace contained in it, or finding the 
folid content of it, or fiading a cube equal to it. 

The cubature regards" the content of a body, as the 
quadrature does the fuperiicies or area of a figure. 

CUBE, a regular or folid body, confifting of fix 
equal fides or faces, which are {quares—A die is a 
#mall cube. - 

It is alfo called a Aexaedron, becaufe of its fix fides, 
and is the 2d of the five Platonic or Regular badies. 

The cube is fuppofed to be generated by the motion 
of a {quare plane, along a line equal and perpésdicular 
to one of its fides. te 2“ 

To deferibe a Rete, or Net, for forming a cube, or with 
which it may be covered.—Deleribe fix {quares as in the 
annexed figure, upon card paper, pafte-board, or the 
like, of the fize of the faces of the propofed cue; and 
cut it half through by the lines AB, CD, EF, AC, 
BD; then fold up the feveral {quares till their edges. 
meet, and-fo form the cube, or a covering over one, 
as in the figure annexed. 

oie Sa oe 








termine the Surface and Salidity of a Cube-—Mul- 
ys'qne fide by itfelf, which will give one {quare or. 


will give the whole furface. Alfo multiply one fide 
twice by itfelf, that is, cube it, and that will be the 
fclid content. . 

Duplication oe Cupe. See Duriication. 

Cuses, or Cusic Numbers, are formed by multiply- 
ing any numbers twice by themfelves. So the cubes 
of 1, 2, 35 45 5% 6,4 &y . 
are 1, 8, 27, 64,°125, 216, &c. . 


The third differences of the cubes of the natural 


numbers are all equal to each other, being the conftant 
number 6. For, let_m3, n3, 43 be any three adjacent 
cubes in, the natural -feries as above, that is, whofe roots 
m,n, p have the common difference 1 ; then becaufe 
n=am+t, theref. 03 = m3 +4 '3m* + 3m -+.1, 


garry theref. £3 = 13 4 32? + 3n +1; fo that 
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the difference between the 1ft and 2d, and between the: 
2d and 3d cubes, are = 

3 — 73 = 3m? a 
ae « = = = ie Re ut the rft differences ; 
and the dif. of thefe differences, is ~ 
3.0 —m4+3.n—m=3.n+m+r=6.m+I, 
the 2d differeace. ; 
In like manher the next 2d dif. is 6.n +1: hence 
the dif. of thefe two 2d diffs. is 6. n—-m=—=6, which is 
therefore the conftant 3d difference of all:the feries of 
cubes. And hence that feries of cubes will be formed 
by addition only, viz, adding always the gd dif. 6 to 
find the column or feries of 2d diffs, then thefe add- 
ed always for the 1ft diffs, and laftly thefe always add- 
ed for the cubes themfelves, as below : 





3d Difs. 1 2d Difs. | if Difs. Cubes 
6 6 i ° 
6 12 7 1 
6 18 19 8 
6 24 37 27 
6 39 61 64 
6 36 gt 125 
6 42 127 216. 
6 48 169 343 


Peletarius, among various {peculations concerning {quare 
and cubic numbers, fhews that the continual fums of the 
cubic numbers, whofe roots are 1, 2, 3, &c, form the 


. feries of {quares whofe roots are 1, 3, 6, 10, 15, 215 


&e. 
Thus, T= t= 13, 

r+ 8=> 9= 3%, 
1+ 8+4+27= 36= 6, 

148 4+27+64 = 100= 10%, Ke. 


“Or, in general, . 


oe 
13423433 443 Kc. toms = E+24+3+4- en? 
gn.n ti. 

It is alfo a pretty property, that any number, and 
the cube of it, being divided by 6, leave the fame re- 
mainder ; the feries of remainders being ©, 1, 2, 35 4s 55 


. continually repeated. Or that the differences between 


the numbers and their cubes, divided by 6, leave always 

















© remaining ; and the quotients, with their fucceflive 
differences, form, the feveral orders of figurate numbers, 
Thus, - cacy 
y | 
Num. | Cubes. Difs. wot. | x Dif. | 2 Dif. 

I i ° ° ° ° 

2 8 6 I I 1 

3 27 24 4 3 2 

4 64. 60 to 6 3 

5 125, 120 20 10 4 

6 216 210 35 15+ 5 

7} 343 1336 | 56 | 21 6 





The following is a Table of the firft 1009 cubic, num~ 
hers. . 
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TABLE 





Num 
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125 
216 
343 
512 
729 

ioco 

1331 

1728 

2197 

2744 

3375 

4096 

4913 


5832 


+ 80c0 
9261 
10648 
121607 
1382 
rote 
17576 
19683 
21952 
24389 
27900 
29791 
32768 
35937 
39304 
42875 
46656 
50653 
54872 


59319 | 


640c0 
68921 
74088 
719507 
85184 
girs 
97336 
103823 
110592 
117649 
125006 
132651 
140608 
148877 
157464 
166375 
175616 
185793 
IQS 12 
205379 
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Cubes 


Num. 


TABLE OF CUBES. 





Num. Cubes 
60 | 216000 
61 | 226981 
62 | 238328 
63 250047 
64 | 262144 
65 | 274625 
66 | 287496 
67 | 300763 
68} 314432 
69 | 328509 
70 | 343000 
7EY 357911 
72} 373248 
73 | 389017 
74 | 405224 
75) 421875 

_ 76} 438976 
77 | 456533 
7B | 474552 
79 | 493939 
80} 512000 
81] 531441 
82} 551368 
83} 571787 
84} 592704 
85] 614125 
$6 | 636056 
871 658503 
88 681472 
89 | 704969 


9° | 729000 
gr 753571 
92 | 778688 
93} 804357 
94 | 830584 
95 | 857375 
96 884736 
97 | 912673 
98 g41192 
99 | 970299 
1cOcoco 
1030301 
1061208 
1092727 
1124864 
1157625 
TIQIOI6 
1225043 
1259712 
1295029 
1331000 
1367631 
1404928 


1481544 
1520875 
1560896 
(601613 
1643032 


117 
118 


1442897 | 





1685159 
I7280co 
1771561 
1815848 
1860867 
1906624 


1953125 


' 2000376 


2048383 
2097152 
2146689 
2197000 
2248091 
2299968 


| 2352637 


2406104 
2460375 
2515456 
2971353 
2628072 
2685619 
2744000 
2803221 
2863288 
2924207 
2985984 
3048625 
3112336 
3176523 
3241792 
33°7949 


3375000" 


3442951 
3511808 
3581577 
3652264 
3723875 
3796416 
3869893 
3944312 
4919679 
4096000 
4173281 
4251528 
4330747 
4410944 
4492125 
4574296 
4657463 
4741632 
4826809 
4913000 
gco0o211 
5088448 
SETTNT 
5268024 
5359375 
5451776 


39457334, 


178 
179 
180- 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
1g! 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204, 
205 
206 
207 
208 
209 
210 
2y1 
212 
213 
214 


215} 


216 
217 
218 
219 
220 
225 
222 
223 
224 
225 
226 
227 
228 
229 
230 
231 
232 
233 


234 | 


235 
236 


Cubes 


5639752 


5735339 
5832000 
5929741 
6028568 
6128487 
6229504 
6331625 
6434856 


6539203. 


6644672 
6751269 
6859000 
6967871 
7077888 
7189057 
7391384 
7414875 
7529536. 
7945373 
7762392 
7880599 
8000000 
8120601 
8242408 
8365427 
8489664 
8615125 
8741816 
8869743 


* 8998912 


9323329 
9261000 
939393" 
9528128 
9663597 
9800344 
9938375 
10077696 
10218313 
10360232 
10503459 
10648000 
10793861 


| 10941048 
| 11089567 


11239424 
11390625 
11543176 
11697083 
11852352 
12008989 


| 12167000 


12326391 
12487168 
12649337 
12812904 
12977875 


) 13144256 
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cu 


Num, __Cubes 
237 
238 
239 
240 
241 
242 
243 
244 
245 
246 


13481272 
13651919 
13824000 
13997521 
14172488 
14348907 
14526784 
14706125 
14886936 
150692272 
15252992 
15438249 
15625000 
15813251 
16003008 
16194277 
16387064. 
16581375 


248 
249 
250 
251 
252 
253 
254 
255 
256 
257 
258 
259 
260 
261 
262 
26 

me 
265 
266 
267 
268 
269 
270 
271 
272 
273 
274 
275 
276 
277 
278 


16974593 
17173512 
17373979 
17576000 
17779581 
17984728 
18191447 
18399744 
18609625 


18821096 
19034163 
19248832 
19465109 
19683000 
19902511 
20123648 
20346417 
20570824 
20796875 
24024576 
21253933 
21484952 
21717639 
21952000 
22188041 
22425768 
22665187 
22906304 
23149125 


280 
281 
282 
283 
284 
285 
286 
287° 
288 
289 
290 
291 
292 


23639903 
23887872 
24137569 
24389000 
24642171 
24897088 
293 | 25153757 
294 | 25412184 
295 | 25672375 


13312053 


16777216 | 


23393656 || 





















Cubes 


25934336 
26198073 
26463592 |. 
26730899 
27000000 
2727093 |} 
27543608 

27818127 
28094464 
28372625 
28652616 
28934443 

29218112 
29503629 } 
29791000 
30080231 
30371328 
30664297 
30959144. 
31255875 
31554496 
31855013 
32157432 { 
32461759 
32768000 
33076161 
33386248 

33098267 | 
34012224 
34328125 |. 
6-134645976 |: 
34965783 | 
35287552 | 
35611289 |. 
35937000 4. 
36264691 f. 
36594368 |” 
36926037 
37259704 
37595375 
37933056 
38272753 
38614472 

38988219 |. 
39304000 














































































































43421736 
44781923 
42144192 
42508549 
42875000 
43243551 
43634208 
43986977 
44361864 |. 










354 


392 
393 
394 
395; 
396 
397 
398 
399 
400 
4o1 
402 
403 
404: 
405 
406 
407 
408 
409 
410 
qla 
4l2 
413 
414: 
435 
416 





Cubes 


44738875 


45118016 
45499293 
45882712 
46268279 
46656000 
47045881 
47437928 
47832647 
48228544 
48627125 
49027896 
49430853 
498 36032 


| §0243409 


§065 3000 
5164811 


Sisti7 
52313624 
52734375 
53157376 
53582033 
54OTOIS2 
54439939 
54872C00 
55306341 


| 55742908 


56181887 
56623104 
57066625 
57912456 
57960603 
58411072 
58863869 
59319000 
59776471 
60236288 
rt 22 1H 
6116298. 

6162987 


meets 


62570773 
63044792 
63521199 
64000000 
64481201 
64964808 
65450827 
65939264 
66430125 
66923416 
67419143 
67911312 
68417929 
6852 1000 
69426531 
69934528 
79444997 
79957944 
73473375 
71991296 


51478848 


“CUB 


7 
418 
419 
420 
421 
422 
423 
424 
425 
426 
427 
428 
429 
4.4 
431 
432 
433 
434 
435 
436 
437 
438 
439 
440 
44t 
442 
443 
444 





445 
446 
447 
448 





449 
450 
451 
452 
453 
454 

“455 


of bee 


457 
i 
5 
abe 
461 
462 
463 
464 
465 
466 
467 
468 
469 
47° 
471 
472 
473 
474 
475 
476 
477 
478 


j Bem: 















































Cubgs 


~ 72511713 
73034632 
73500059 
74088000 
74618461 
75151448 
75686967 
76225024 
76765625 
77308776 
77854483 
73402752 
78953589 
79507000 
80062991 
80621568 
81182737 
81746504 
82312875 
82881856 
83453453 
84027672 
846045 19 
85184000 
85766121 
86350888 
86938307 
87528384 
88120125 
88716536 
89314623 
89915392 
905 18849 
g125000 
91733851 
92345408 
92959677 
93576654 
9496375 
94818816 
95443993 
96071912 
96702579 
97336000 
97972185 
98611128 
99252847 
99897344 

100544625 

101194696 

101847563 

102503232 

103161769 

10382 30c0 

1044874111 

‘105154048 

105823817 

106496424 

107171875 

107850176 

108531333 

109215352 
















} Cubes 






























































































































Nam. t Cubes 

479 | 109902239 15834042! Il 603 
480-1 10592000 159220088 |} 604 
4811 111284641 160103007 |] 605 
482 | 111980168 160939184 }{ 606 
483 | 112678587 161878625 || 607 
484 | 113379904 162771336 |] 608 
485 | 114084125 163667323 || 609 
4864 114791256 164566592 || 610 
487 | EES 501303 165459149 || 61 
488 | 116214272 166375000 |} 612 
489 | 116930169 167284151 || 613 
490} 117649000 168196608 }} 614 
491. | 118370771 169112377 || 6:5 
492 | £19095488 170031464 || 616 
493 | 119823157 "170953875 |] 617 
494 | 120553784 171879616 }} 618 
495 | 121287375 172808693 {| 619 
496 | 122023936 173742112 f] 620 
497 | 122763473 174676879 || 624 
498 | 123505992 175616000 || 622 
499 | 124251499 176558481 |} 623 
500 | 125000000 177504328 || 624 
gor | 25975150% 178453547 || 625 
502 | 126506008 179406144 }| 626 
503 | 127263527 180362125 || 627 
504 | 128024064 181321496 || 628 
505 | 128787625 182284263 j] 629 
506 | 129554216 183250432 || 630 
507 | 130323843 1842200049 |} 631 
508 | 131096512 185193000 |] 632 









131872229 186169411 

















510} 132651000 187149248 || 634 
gru.] 133432831 188132517 1635 
512] 134217728 189119224 || 636 
513 | 135005697 190109375 }} 937 
514.) 135796744 191102976 |] 63% 
515 | 136590875 192100033 || 639 
516 | 137388096 193100552 {| 640 








138188413 
138991832 


194104539 
195112000 


















































519 | 139798359 196122941 |) 643 
520 | 140608000 197137368 || 644 
521 | 141420761 198155287 1} 645 
522 | 142236648 199176704 || 646 
523 | 143055657 200201625 || 647 
524 | 143877824 201230056 } 648 
525) 144703125 202262003 |] 649 
526 | 145531576 203297472 ft 650 
527 | 146363182 204336469 |] 651 
§28 | 147197952 205379000 |] 652 
529 | 148035889 206425071 H 653 
330] 148877000 207474688 |} 654. 
531| 149721291 208527357 }f 655 






209584584 
210644875 
211708736 
212776173 

213847192 
214921799 
216000000 
217081801 

218167208. 


150568768 
151419437 
152273304 
-] 153130375 
153990656 
154854153 
155720872 
156590819 
157464000 









597 
598 
599 
600 


6ot 
G02 














1236029032 












Sige56239 (a 
220348864 
221445125 
222545016 
223648543 
224755712 
225866529 
220981000 
22800913! 
229220928 
230346397 
231475544 | 
232608375 
233744896 
234885113 





237175659 
238328000 
239483061 
240641848 
241804367 
242970624. 
244140625 
245314376 
2464.9 1883 
247093152 
248858189 
250047000 
251239591 
252435908 
253636137 
254840104 
256047875 
257259456 
258474853 
25994072 
260917119 





262144000 
263374721 
264609288 
265847707 
267089984 
268336125 
269586136 
270840023 
272097792 
273359449 
274625000 
275894451 
277167808 
278445077 
279726264 
281011375 
282300416 
283593393 
284890312 
286191179 
287496000 
288804731 
290117528 
291434247 





292754944 





nil Cubes 
“(354079625 
ee 
296740963 
§ 298077632 
299418309 
300763000 
ZO2TLI7Et 
303464448 
304821215 
306182024 
307546875 
308015 776 
310258733 
gr166s752 
313040839 
680 | 314432000 
681 | 3rgS2r24r 
682 1317214568 
683 | 318611G87 
684 1320013504 
685 | 321419125 
686 1322828356 
687 | 324242703 
688 | 325660672 
68g | 327082769 |" 
690 | 328509°00 
6gt 32093937 8 
6g2 |33137388 
693 |332812557 
694 1334255384 
G95 | 335702375 
696 | 337153536 
8g7 | 338608873 
698 | 340068392 
S99 1341532099 
700 |3430000C0 
FOU 1344472101 
7O2 \ 345948008 
703 {347428927 
704 | 348913064 
705 1350402625 
706 1351895816 
7°7 | 353393243 
708 354894912 
799 | 356400829 
710 357911000 
7EI 135942543! 
7t2 1360944128 
733 [362467097 
714 | 303994344 








657 
5738 
ho 

579 





iy 365525875 
716 | 367061696 
717 | 368601813 
718 | 370146232 
719 1371094959 
720 | 373248ec0 
724 | 374805361 
722 1376367048 
723 1377933007 
724 [379503424 
725 }381078125 
726 {382657176 
































cus 















cus { 343 ] 
ER - < 
Num {. -Cubes,- Caden HNumd Cubes, Num.| Cubes, | Nom. |_ "Cubes, 
727 } 384240583 ie B37 | 586376253 f 8921 709732288 I 947 | Bagz7eiz5 
728 | 384828352 480048687 [} $38 | 588480472 |] 893} 712121957 || 948 851971392 
729 | 387420489 431890304 839 | 590589729 Il 894 | 7145169848 949! 854670349. 
739 | 389017000 483736625 }] 84 | §92704000 |] 895 | 716917375 ff 930] 857375000 
731 | 39061789) 2 | 485587656 |} 841 1 594823321 |} 896 | 719323136 g5i| 860085361 
732 | 3922231681] 787 | 487443403 |} 842 | 598947688 |] 897 | 721734273 ff 9521 862801408) 
733 | 393832837 489323872 |] 343 | 599077107 |] 898 | 724150792} 953) 865523177 
734 | 395446504 491169069 |] 844 | 601211584 }} 899 | 726572699 |] 954.) 868250664 
735° 397066375 493039000 ff 845 | 603351125 | yoo} 72qQ000c00) 9551 870983875 
2930 135 78688 256 494913678 |} 846 | 605495736 gor | 731432701] 956] 873722816 
737 | 490315553 496793088 || 847 | 607645423} goz | 733370808 || 957) 876467493 
3 401943272 498677257 | 848 | Gog8001g92 ft 903 | 736314327 ff 938) S7g217912 
4 739 | 403593419 500566184] 449 | 611960049] 904 | 7387532641 959] 881974979 
540 | 405224000 502459875 f] 850] 614125000]] go5 | 741217525 | 96a} 884736000 
741 | 40684go2t 504358336 |] 851 | 616295061 I 906 | 743677416} 961 | 887503681 
742 | 408518488 506261573 |] 852 | 618470208 |] 907 | 746142643 |} 962} Bgo277128 
243 | 410172407 §08169592 |] 853 | 620650477 || 908 | 748613312 |} 963 | 893056347 
744 | 411830784 510082399 |} 854 | 6228358641 909 | 751089429 |] 9641 85841344 
745 4 413493%25 §12000000 |} 855 | 625026376 |] g10 | 753571000 || 965 898632125 
740 | 415 160936 $13922401 |] 856 | 627222016]} gts | 756058031 }} 966} go1428696 
747 {410332723 515849608 || 857 629422793 9t2] 758550528 |] 967} 904231063 
748.| 418 5a8g92 517781627} 858 | 631628712]] g13 | 761048497 |} 968] 907039232 
749 | 420189749 519718464 || 859 | 633839779] 914 | 763551944] 969 | 909853209 
750 | 421875000] 805 | 521660125 || 860 | 636056000 |] gts | 766060875 |} 970! 912673000 
751 | 42356475 1]) 806 | -5 23606616 |} 861 | 638277381] 916-1 768575296 g74 915498611 
782 | 425250008] 807 | 525557943 || 862 | 640503928]! 917 | 771095213 |] 972! 918330048 
753 | 4259577771) 808 | 527514112 || 863 | 642735647 | 918 | 773620032 || 973] 921167317 
754 | 42 866 1664 809 | 529475 129 1 864 | 64497254411 919 T7g4g1559 974] G2goro42g 
755 | 430358875 |] 810 | § 31441000 || B65 | 647214625 |} 920 | 778688000 || 975] 926859375 
756 | 432081216]] 811 533411732 866 | 649461896 | g21 | 781229961 || 976] 929784176 
757 | 133798093] 832 535387328 867 | 651714363 |] 922 783777448 977| 932574833 
758 | 4355195121] 813 | 537366797 || 868 | 65 3972032 If 923 786330407 978| 935441352 
759 | 43245-4791] 824 | 539353144 I} 869 | 656234909 }] 924 | 78888g024 |} 979) 938313739 
760} 4389760001 815 | 541343375 |] 870 | 658503000 Il 925 | 791453125 || 980} g4ttg2000 
761 | 440711081 |} 816 | 543338496 }] 871 | 660776211 || 926 | 794022776 }| 981) 944076141 
762 | 442450728}! 817 | 545338613 |] 872 | 66305 4848 II 927 | 796597983 || 982] 946966168 
763 | 444194947 || 818 | 547343432 || 873 | 565338617 || 928 | 799178752 {| 983] 949862087 
764. + 445943744 1 819 | 549353259 |] 874 | 667627624 || 929 | 801765089 |] 984] 952763904 
785 | 447697125 || 820 | 551368000 |} 875 | 669921875 || 930 | 804357000 || 985 95091825 
766 | 449455096]] B2t | 55338766: |} 876 | 672221376 Hl 931 | 8069544q1 | 986 9585 5256 
767 | 351207663) 822 | 555442248 |] 877 | 674526133 || 932 | 809557568 | 987| 9 61504803 
768 | 452984832 4 823 | 557441767 || 878 | 676836152 || 933 | 812166237 fT 988) 964430272 
69 | 454756609 | 824 S504 762t4, 879 } 679151439 |] 934 | 814780504 1 989] 967361669 
779 | 4565 33000} 825 | 561515625 |} 880 | 681472000 |] 935 | 817400375 f} 990} 970299000 
“7U | 458314018 Ht 826 | 563559976 | 88x | 683797841 jf 936 | 820025856 |] 991 | 973242271 
772 | 460099648 Hf 82. | 565609283 || 882 | 6361 28968 || 937 | 822656953 || 992] 976191488 
773 | 401889917 || 828 | 5676635 52 |} 883 | 688465387 |} 938 | 825293672 |} 993 |. 979146057 
774 | - 63684824 |] 829 | 569722 78o |} 884 | 690807104 | 939 | 827936019 |] 994 |. 982107784 
775 | 455484375 |] 830 | 571787000 If B85 1593154125 |} 940 | 830584000 995 985074875 
776 | 467288576 |] 83 | 573856191 fj 886 | 695506456 |] g41 | 833237621 I} 990 | 988047936 
777 | 469097433 Hf $32 | 575930368 | 887 | 697864103 H1.-942 | 835896888 || 997 | 991026973 
~78 | 450910952 |} 833 | 578009537 || 888 | 700227072 || g43 | 838561807 998 | 994011992 | 
779 | 472729139 || 834 | 580093704 |] 889 | 702595369 |Lo44 | 841232384 | 999 | 997002999 
780 | 474552000 f} 835 | 582182875 || 890 | 70496g000 || 945 | 843908625 |] 1000 | tocceca000 
781 1475379541 Ml 836 1 584277056 |] 891 } 707347971 940 | 8465905 36 


cus 
The, Cube of a Binoitial, is equal to the cubed of the 


two-parts or members, together with triple of the two. 


parallelopipedons under each part and the {quare of the 
other; viz, ata3 =a) + 30% + 3087 + BB.) And 
hence the common method of ‘extraGting the cube 
root. . , 

Cusic yo eel are thofe in which-the unknown 
quantities ife to three dimenfions ; as x3 =a, 
cor x3 - ax? == Bb, or x3 - ax® + bx == ¢, &e. 

All cubic equations may be reduced to this form, 
x3 + px = 3 viz, by taking away the 2d term. 

All cubic equation¥thave three reots ; which are 
cither all real, or elfe.6ne only is real, and the other two 
imaginary ; for all roots become imaginary by pairs. 

But the nature of the roots as to real and imaginary, 
is known partly from the fign of the ¢o-efficient p, and 

artly from the relation between p ‘and g: for the 
equation has always two imaginary roots when p is po- 
fitive ; it has alfo two imaginary roots when p is nega- 
tive, provided: [pi? is lefs ‘29%, or 4p? lels than 2795 

otherwife the roots. are all real, namely, whenever p 
_ is negative, and. 4f* either equal to, or greater than 

279". : . : 
ae cubic equation of the above form, viz, want- 


ing the 2d term, has both pofitive and negative roots, - 


and the greateft root is always equal to the fum of the 
two lefs roots; viz, either one pofitive root equal to 
the fam of the two negative ones, or elfe one negative 
root equal to the fum of two finaller and pojitive ones, 
‘And the fign of the greatelt, or fingle root, is politive 
or negative, according as ¢ is pofitive or negative when 
jt ftands on the right-hand fide of the equation, thus 
x3 4 pxssqs and the two fmaller roots have always 
the contrary fign to g. ao? 

So that, in general, the fign of » determines the na- 
ture of the roots, as to real and imaginary 5 and the 
fign of q determines the affe€tion. of the roots, as to 
pofitive and ne; ative,  Gee:my Tract on Cubic Equa- 
tions in the Philof. Teaglie 1780. 

To find the Values of the Roots of Cubic Equations. 
Having reduced the equation to this form x? -+ px=9, 
ite root may be found in various ways; the “frit of 
thefe, is thut which is called Cardan’s Rule, by whom 
it was firft publithed, but invented by Ferreus and Tar- 
talea. See Atczpra. The rule isthis: Put a= {f, 
and b==4q; then is Cardan’s root 





eV b+ Viva wits b—-VP +a); or if there 
be put sa Vib ae and d= ViVi ya; 
then s + d=2x, the 1ft or Cardan’s root, 5 

alfo — cas yitty-s is the 2d root, 

5 fa as d 7 


er! 








and — js the 3d root. 





Now the firft of theft, or Cardan’s root, is.always a - 


yeal root, though it is not always the: greateft root, as 
it had been commonly miftaken for. rikcnd yet this rule 
always exhibits the root in the form of an imaginary 
quantity when the equation has no imaginary roots at 
all; but in the form of a real quantity when the, equa- 
tion has two imaginary roots. See the reafon of this 
explained in my Tract above cited, pa. 407. As to 
6 





I 344 3 


aybx 


CUB ‘ 








* f=, though, 


in their general form, they have an imaginary appear- 
ance; yet, by fubfituting certain particular numbers, 
they come out in a real form in all {uch cafes as they 
ought to be fo. : 

But, after the firft root is found, by Cardan’s rule, 
the other two roots may be found, or exhibited, in fe- 
ba other different ways; fome of which are as fol- 
low: 

Let r denote the 1ft, or Cardan’s root, 

and » and w the other two roots: 
thenisv +w=—r, and vewr= 49; 
and the refolution of thefe two equations will give the 
other two roots v and w. , 

Orrefolve the quadratic equation x*-+rx +r? -+p = 0, 
and its two roots will be thofe fought. 

Or the fame two roots will be 


x ‘ : di sad 
the other two roots; viz pata 2 ; 


either — Er taf wp — hand Sr tgf —p— 


or —trtal 2 a reer oar naw 


or—Er+ 1 < and —Jr— Era 1 th, 

Ex. 1, If the equation be x3— 15x = 4: here p= 
15,924 a= — 5, b= 2; hence VF fa = 
VegqgeV ais eeV IF HT 
=2+,/—1, and d=Vi— fe is2e- fol: 





therefore rc + d=4, the rit root ; and 





Fp 
ats siaty as =—2 5% 3, the other two 
roots. 


Ex. 2. Uf 3—6x=4: here w= —2, and b=25 
therefore Vi? + a = V4 —-8 = V—4 EI HS 
saVadaJaisnidy ts &daV 2-2/1 
= —1—,/—1:; hence then r=s4+dsz—2, the 
firft root ; and 1 ,/3 the other two roots. ; 

Ex. 3. If x3 + 18x = 6: here a= 6, and d= 35 
then W403 =V9+21 22515, SV B15 
=18, and d=V3—15 = 12 = — 7/12: there- 
fore ras + d= Y/18 — 7/12 = "331313, the rit root, 














B—H/12, Yi8+4/12 
and os - v1 ae te “of, — 3 are the two . 
ather roots. 7 : ca 


z. Another method for the roots of the equation 


x3 + px gq, is by means of infinite feries, as fhewn at 


pa: 415 and feq. of my Traét above cited; whence it 
appears that the roots are exhibited in various forms of 
feries as follow: viz, 
2c? 2.5 .8c4 : 
3.607 3-6.g.125+ 
for the.ift root, and 


vr 





Rr ' ates ee 2.5.8c4 
Ae 11 Gh 3.6.9.1284 ae 
cf¥—-30 0: 2.5c% 2.548.114 

= Vir - E+ ep 3.6.9.12.15 04% 


for the two other roots: where a=4p, b= 4g, and 
cm VP +a 
And 


CUB 


And various other feries for the fame purpofe may 
alfo be feen in my T'raQ, fo often before cited. 

3. A third method for the roots of cubic equations, 
is by angular feétiona, and the table of fines. It was 
firft hinted by Bombelli, in his Algebra, that angles are 
trifected by the refolution of cubic equations, A fter- 
wards, Vieta gave the refolution of cubics, and the 
higher equations, by angular feGtions, Next, Albert 
Girard, in his Invention Nouvelle en PAlgebre, thews 
how to refolve the irreducible cafe in cubics by a table 
of fines: and he alfo conflruéts the fame, or finds the 
roots, by the interfeGtion of the hyperbola and circle. 
Halley and De Moivre alfo gave rules and examples of 
the fame fort of refolutions by a table of fines. And, 
laflly, Mr. Anthony Thacker invented, and Mr. Wil- 
liam Brown computed, a large fet of fimilar tables, 
for refulving affected quadratic aud cubic equations, 
with their application to the refolution of biquadratic 
ones. 

4. Laftly, the feveral methods of approachy or ap- 
proximation, for the roots of all affeCted equations, 
which have been ufed in various ways by Stevin, Vieta, 
Newton, Halley, Raphifon, and others. 

To thefe may be added the method of Trial-and-er- 
ror, or of Double Pofition, one of the eafiett and belt 
of any. Of this method, let there be taken the laft 
example, viz, «34+ 18x = 6, in which it is evident that 
x is very nearly equal to 4, but a little lefs; take it 
therefore x == °333 then a3 ++ 18x = 5°975937, but 
Should be 6, and therefore the error is ‘024063 in de- 
fect. 

Again fuppofe x= "34; then «3 + 18x = 6159304, 
which is 159304 in excefs, 

"4 X 1024063 + °33 X "159304 = 60752 
~+924063 + *159304. 183367 
"3313, the root as before very nearly. 

For the conftruétion of cubie equations, fee Con- 
STRUCTION. 

Cunie Foot, of any thing, is fo much of it as is con- 
tained in a cube whofe fide Is one foot. 

Cusic Hvterbola, is a figure expreiled by the equa- 
tion xy? =a, having two afymptotes, and conffting of 
two hyperbolas, lymg in the adjoining engles of the 
afymptetes, and not in the oppofite angles, like the 
Apollonian hyperbola; being otherwife called by New- 
ton, in his Enumeratio Linearum Tertii Ordinis, an 
hyperbolifmus of a parabola; and is the 65th fpecies 
of thofe lines according to him. 

Cunic Numbers. See Cuses. 


Therefore 








Cusic Parabola, a curve, as BCD, of the 2d order, 
having two infinite legs CB, CD, tending contrary 
Vou. 1 


[345 ] 


CUB 


ways. And if the abfcifs, AP or x, touch’ the curve 
in C, the relation between the abfcifs and ordinate, 
viz, AP =x, and PM=y, is expreffed by the equa 
tion y= ax3 + bx*+cx+d3 or when A coincides 
with C, by the equation y= ax3, which is the fimpleft. 
form of the equation of this curye. 

If the right line AP (fig. 2) cut the cubical para- 
bola in three points A, B, C; and from an point P 
there be drawn the right line or ordinate PM, citting 
the curve in one point M only : then will PM be always 
as the folid APx BP x CP; which is an effential pro- 
perty of this curve. i; 

And hence it is eafy to conftru& a cubic equatfon, 
as x3-a*x = 43, by the interfection of this curve and a 
right line. See the Conftruétion of a cubic equation 
by means of the cubic parabola and a right line, by 
Dr. Wallis, in his Algebra: As alfo the Conftruction 
of equations of 6 dimenfions, by means of the cubic pa- 
rabola and a circle, by Dr, Halley, ina leéture former- 
ly read at Oxford. 

The curve of this parabola cannot be reGified, not 
even by means of the conic fections, But a circle may 
-be found equal to the Curve Surface; generated by the 
rotation of the curve AM about the tangent AP to the 
principal vertex A. Let MN be an ordinate, and MT 
a tangent at the point M; and let PM be parallel to 
AN. Divide MN in the point O, fo that MO be to 
ON as TM to MN. Then a mean proportional be- 
tween TM +ON and } of AN will be the radius of a 
circle, whofe area is equal to the fuperficies defcribed 
by that rotation, viz, of AM about AP. 





The Area of a Cubic Parabola is 2 of its circum- 
feribing parallelogram. 

Cusic Root, of any number, or quantity, is fuch a 
quantity as being cubed, or twice multiplied by it- 
felf, fhall produce that which was given. So, the 
cubic root of 8 is 2, becaufe 23 or2x2x2 is equal 
to 8. 

‘The common method of extracting the cube root, 
founded on the property given above, viz, ati= 
a3 + 34° + 3ab* + 43, is found in every book of com- 
mon arithmetic, and is as old at leaft as Lucas de Bur- 
go, where it is firft met with in print. Other methods 
for the cube root may be feen under the article Ex- 
sRAcTION of Roots, particularly this one, viz, the cube 
2n +a} 
n+ 2a? 
2n+ a3: a: 3/« the cube root of # nearly; where # 


Yy is 





root of a, or /n= X a, very nearly, or 243+ 0: 
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is any nuriber given whofe cube root is fought, and a* 
nae neareft complete cube to 2, whether gteater or 
is. ‘ ie 

For example, fuppofe it were propofed to double the 
cube, or, which comes to the fame thing, to-extradt the 
cube root cf the number 2. Here the neareft cube is 
1, whofe cube root is 1 alfo, that is, 2321, anda=1, 
alfo n = 2; therefore 
2a?+n 2n--ad a 

4 2 § tthe: Saas = 1/2 nearly. 

But, for a nearer value, affare n =i, or t= 
Qui; then is 20 +n = VP +2 %43, andaet a= 
at fs = 34; hence 378 : 381s: $2 5§5 or 1259928 
=t {/2, or the cube root of 2, which is true in the laft 
place of decimals. 

And this is the fimpleft and eafielt method for the 
eube root of any number. See its inveitigation in my 
Tras, vol. 1, pa. 49. 

Evéry number or quanticy has three cudic roots, one 
that is real, and two imaginary : So, the cube root of 
1+tVv—3 oes LS v- 
——e, OF & 











1 ig eather 5, or — =; and if 





rbe the real roct of any cube r3, the two imaginary 
cubic roots of it will be 

st¥a5, and — ot re for any one of 
thefe being cubed, gives the fame cube r3. 

Cusine of a Solid. See Cusature. 

Cuso-cuss, the 6th power. 

Curo-cuso-cuse, the gth power. 

CULMINATION, the paffage of a ftar or planet 
over the meridian, or that point of its orbit which it 
is in at its greateft altitude. Hence a ftar is faid to 
culminate, when it paffes the meridian. 


Teo find the time of a Star’s culninating. F-fimate 
thetime nearly ; and find the right afcenfion both of 
the fun and ftas correAed for this eflimated time; then 
the difference between thefe right afcentions, converted 
into folar time, at the rate of 45 degrees to the hour, 
gives the time of fouthing. See an example of this 
calculation every year in White’s Ephemeris, pa. 45. 

CULVERIN, was the name of a piece of ord- 
nance; but is now dijufed. 

CUNETTE. See Cuverrs. 


CUNEUS. Sce Wence. 
CUNITIA (Maaia), a lady of Silefia, who was 


famous for her extentive knowledge in many branches 
of learning, but more particulariy ia mathematics and 
aftronuiny, upon which the wrote feveral ingenious 
treatifes; particularly one, catided Urania Pripitia, 
printed in 1650, in Latin and German, and dedicated 
to Ferdinand the third, emperor of Germany. In this 
work are contained aftronomical tables of great eafe 
and accuracy, founded upon Kepler’s hypothefis. But 
notwithilanding her merit fhines with fuch peculiar 
laftre as to refle&t honour on her fex, hiitory does not 
inform us of the time of her birth or death. 


. CURRENT, a flream or flux of water in any dirce- 
tion. The fitiing of the current, is that point of the 
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compafs towards which the waters run; and the dit 
of a current is the rate it rans an hour. 

Currents in the fea, are either natural and general, 
as arling from the diurnal rotation of the earth on its 
axis, or the tides, &c; or accidental and particular, 
cauted by the waters being driven againt promontories, 
or into guiphs and ftreighta; from whence they are forced 
hack, and thus difturb the natural thix cf the fea, 

The currents are fo violent under the equator, wh: 
the motion of the carth 's greatell, Ghat they in: i 
very fpeedily from Afica to America; but al 
ly prevent their return the fame way: fe iat 
forced to ran as far as the 4th or gsth di 
latitude, to fail iato the return of the current ay 
bring them home to £& 
nor Pownsd, that Us current peeforms a 
culation, ferting out from the Guinea coalt in Afr 
for example, froin theace croffing firaizht over the 
lantic ocean, and fo fetting into the Gulzh of Mexico 
by the fouth fide of it; then fweeping round by the 
bottom of the Gulph, it iMues out by the north Ede of 
it, and thence takes a direction sorti-caterly alens the 
cout of North America, till it arrives near Newfound- 
land, where it is turned by a rounding motion back. 
ward acrofs the Atlantic again, uzon the coatts of 
Euvope, and from thence fouthward again to the cout 
of Africa, from whence it fet out. 

In the flreights of Gibraltar, the currents fet in by 
the fouth fide, fweep along the coatt of Atrica to 
Egypt, by Paleftine, and fo return by the northern 
fide, or European coatts, and iffue out again by the 
northern fide cf the ttreights. In St. George’s Chaa- 
nel too they ufually fet calkward. The great viotence 
and: danger of the fea in the Surcights cf Magellan, is 
attributed to two contrary cuments ferring in, one 
from the fouth, and the other from the north fea. 

Currents are of fome confiderarion in rt of nas 
vigation, as a thip i i 4d or res 
tarded in her ¢: » accounting as the is wih or 
againtt the fhip’s saction. Ifa hip fail along the di. 
redtion of a curreat, it is evident that the velocity of 
the current mult be added to that of the veiicls but if 
her courfe be directly againit the certes 
fubtracted: and if the tail athwart ik, 
will be compoundsd with that of the 
her velocity anymented or retarded, acco: 
angle of her di. with that of the 
is, the will proceed in the diagonal of 
gram formed accurding to the two lin 
aad will deferibe or pals cver that diz, a 
time in which the would hive deferibed cither of the 
fides, by the feparate velocities, 

For fuppofe ABDC be a paral- 
lelogram, the diagonal of which is 
AD. Now if the wind alone would 
drive the fhip from A to B, in the 
fame time as the current atone would 
dive it from A to C: Then, as 
the wind nzither helps nor Binders 




















































line CD, the current will bring it 

there in the fame time as ifthe wind did net 1%: And 

asthe curreat neither helps acr hinders the faip from 
cumiog 








coming towards the line BD, the wind wilt bring it 
there in the fame time as if the current did not a&: 
Therefore the thip muft, at the end of that time, be 
found in both thofe lines, that is, in their meeting D : 
Confequently the thip muft have paffed from A to D 
in the diagonal AD. See Composition of Forces. 

See the Sailing in Currents largely exemplified in 
Robertfon’s Navigation, vol. 2, book 7, feat. 8. 

CURSOR, a {mall piece of brafs &c that flides ; as, 
the piece in an’ equinotial ring dial that flides to the 
day of the month; or the little ruler or label of brafs 
fliding in a groove along the middle of another label, 
reprefenting the horizon in the analemma 3 or the point 
that flides along the beam compafs ; &c. 

CURTATE Difance, is the dilkance of a planet’s 
place from the fun, reduced to the ecliptic ; or, the in- 
terval between the fun and that point where a perpen- 
dicular, lét fall from the planet, meets the ecliptic. 

CURTATION, the interval between a planet’s dif 
tance from the fun, and the curtate diftance. 

From the foregoing article it is eafy to find the cur- 
tate diflance ; whence the manner of conitruéting tables 
of curtetion is obvious; the quantity of inclination, re- 
duction, and curtation of a planet, depending on the ar- 
gument of latitude. Kepler, in his Rodolphine Tables, 
reduces the tables of tlian all into one, under the title 
of Tulule Latitudinaria, 

CURTIN, Curvrais, or Courting, in Fortifica- 
tion, that part of a wall or rampart that joins two baf- 
‘tuons, or lying between the flank of one and that of 
another.—The curtain is ufually bordered with a para- 
pet 5 fect high; behind which the foldicrs ftand to fire 
upon the covert-way, and into the moat. 

CURVATURE of a Line, is its bending, or flexure; 
by which it becomes a curve, of any peculiar form and 
propertics. Thus, the nature of the curvature of a 
circle is fuch, as that every point in the periphery is 
equally diftant from a point within, called the centre; 
and fo the curvature of the fame circle is e 
the fame ; but the curvature in all other tu 
nually varying.—The carvature of a circle is fo much 
the more, as its radius is lefs, being always reciprocally 
as the radius; and the curvature of other curves is 
meafured by the reciprocal of the radius of a circle 
having the fame degree of curvature as any curve has, 
at fome certain point. ’ 

~ Every curve is bent from its tangent by its curvature, 
the meafure of which is the fame as that of the angle 
of conta& formed by the curve and tangent. Now the 
fame tangent AB is common to aa inunite number of 
circles, or other curves, all touching it and each other 
in the fame point of contact C. So that any curve 
DCE may be touched by an infinite number of ¢ ant 
circles at tl ne point C; and fome cf thefe circles 
fall wholly within it, being more curved, or havin; 

a ereater curvature than that curve; while others fall 

























without it near the point of contaé, or between the 
curve and tangent at that poiut, and fo, being lefs de- 


fleed from the tangent than the curve is, they have a 
lefs degree of curvature there. Confequently there is 
one, of this infinite number of circles, which neither 
falls below it nor above it, but, being equally deflected 
from the tangent, coincides with it moft intimately of 
all che circles; aad the radius of this circle is called the 
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radius of curvature of the carve ¢ alfocthe circle itfelf is 


called the circle of curvature, or the ofculatory circle of 
that curve, becaufe it touches it fo clofely that no other 


circle can be drawn between it and the curve. 





As acurve is feparated from its tangent by its flex- 
ure or curvature, fo it is feparated from the ofculatory 
circle by the increafe or decreafe of its curvature ; and 
as its curvature is greater or lefs, according as it is 
more or lefs deflected from the tangent, fo the variation 


~ of curvature is greater or lefs, according as it is more * 


or lefs feparated from the circle of curvature. 

It appears, however, from the demonitration of geo- 
metricians, that circles may touch curve lines in fuch a 
manner, that there may be indefinite degrees of more 
or lefs intimate contact between the curve and its ofcu- 
latory circle ; and that a conic feGtion may be defcribed. 
that fhall have the fame curvature with’ a given line 
at a given point, and the fame variation of curvature, 
or a contaét of the fame kind with the circle of curva- 
ture. 

If we conceive the tangent of any propofed curve to 
be a bafe, and that a new line or curve be defcribed, 
whofe ordinate, upon the fame bafe or abfcifs, is a 3d 
proportional to the ordinate and bafe of the firfl; this 
new curve will determine the chord of the circle of cur- 
vature, by its interfe€tion with the ordinate at the point 
of contaét’; and it will alfo meafure the variation of 
cnyyature, by means of the tangent of the angle in 
which it cuts that circle: the Jefs this angle is, the 
clofer is the eontaét of the curve and circle of curv. 
ture; and of this contact there may be indefinite de- 
grees. ; 

For example, let EMH be any curve, to which ET 
is a tangent at the point EE ; thea let there be alway 
teken MU i: EP: TK, and through all the points 
K draw the cu BKI; then from the point of contaé 
E draw EB parallel to the ordinate TK, meeting the 
lat curve in B3 and finally, deferibe a circle ERQB. 
hrough the point -B and touching ET Lin £5 and it 
i be the ofeulatory circle to the given curve EMH, 
And the contaét of EM and ER is always the elofe:, 
the lefs the angle BQ is. See Maclaurin’s Fluxions; 
art. 366. < 

Hence it follows, that the contaét of the curve EMH 
and its ofculatory circle is clofelt, when the curvé BK 
touches the arc BQ. » B, the angle BET being 
given; and it hell from this, or mut open, whea 
BK touches the right line BE in B 

Hence alfo there may be indefinite degrees of more 
and more intimate contact between a circle and a 
curve. The iri degree is when the fame right line 

Xo ys2 touches 
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fouches them both in the fame point ; and a contaét of 
this fort may take place between any circle and any 
arch of acurve. The 2d is when the curve EMH 
and circle ERB have the fame curvature, and the tan- 
gents of the curve BEF and circle BQE interfe& 
tach other at B ia any affignable angle. The contac 
of the curve EM and circle of curvature ER at E, is 
of the 3d degree, or order, and their ofeulation is of 
the 2d, when the curve BKF touches the circle BQE 
at B, but fo as not to have the fame curvature with 
jt. The conta& is of the 4th degree, or order, and 
their ofculation of the 3d, when the curve BKF has 
the fame curvature with the circle BQE at B, but fo 
as that their conta@ is only of the 2d degree. And 
this gradation of more and more intimate contact, or 
of approximation towards coincidence, may be con- 
tinued indefinitely, the contact of EM and ER at E 
being always of an order two degrees clofer than that 
of BK and BQ at B. There is alfo an indefinite va- 
riety comprehended under each order: thus, when 
EM and ER have the fame curvature, the angle formed 
by the tangents of BK and BQ admits of indefinite 
variety, and the contaét of EM and ER is the clofer 
the lefs that angle is. And when that angle is of the 
fare magnitude, the conta& of EM and ER is the 
clofer, the greater the circle of curvature is. When 
BK and BQ touch at B, they may touch on the fame 
‘or on different fides of their common tangent ; and the 
aagle of contact KBQ_ may admit of the fame ne 
with the angle of contact MER ; but as there is fel- 
‘dom occafion for confidering thofe higher degrees of 
more intimate contact of the curve EMH and circle 
of curvature ERB, Mr. Maclaurin calls the contact or 
ofeulation of the fame kind, when, the chord EB and 
angle BET being given, the angle contained by the 
tangents of BK and BQ is of the fame magnitude. 

When the curvature of EMH increafes from E to- 
wards H, and confequently correfponds to that of a 
circle gradually lefs and lefs, the arch EM falls within 
ER, the arch of the ofculatory circle, and BK is with- 
in BQ, The contrary happens when the curvature of 
EM decreafes from E towards H, and confequently 
correfponds to that of a circle which is gradually greater 
and greater, the arch EM falls withoat ER, and BK 
is without BQ. And according as the curvature of 
EM varies more or lefs, it is more or lefs unlike to the 
uniform curvature of a circle; the arch of the curve 
EMH feparates more or lefs from the arch of the of- 
culatory circle ERB, and the angle contained by the 
tangents of BKF and BQE at B, is greater or 
lefs. Thus the quality of curvature, as it is called 
by Newton, depends on the angle contained by the tan- 
gents of BK and BQ at B 3 and the meafure of the 
. tmequability or variation of curvature, is as the tangent 

of this angle, the radius being given, and the angle BET 
being a night one. 

The, radii of curvature of fimilar arcs in fimilar 
figures, are in the fame ratio as any homologous lines 
of thefe figures; and the variation of curvature is the 
fame. Sce Maclaurin, art. 370. 

When the propofed curve EMH is a conic fe&tion, 
the new line BKE is alfo 2 conic fection; and it is a 
right line when EMH is 2 parabola, to the axis of 
which the ordinates TK are parallel. 
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right line when EMH is an hyperbola, to one afymp- 
tote of which the ordinate T'K is parallel. 

When the ordinate EB, at the point of contaé& E, 
inftcad of meeting the new curve BX, is an afymptote 
to it, the curvature of EM will be lefs than in any cir- 
cle; and this is the cafe in which it is faid to he in- 
finitely little, or that the radius of curvature is infinite- 
ly great. And of this kind is the curvature at the 
points of contrary flexure in lines of the 3d order. 

When the curve BK paffes through the point of 
contact E, the curvature is greater than in any circle, 
or the radius of curvature vaniflies ; and in this cafe the 
curvature is faid to be infinitely great. Of this kind 
is the curvature at the cufps of the lines of the 3d 
order. 

As to the degree of curvature in lines of the 3d and 
higher orders, fee Maclaurin, art. 379 5 alfo art. 380, 
when the propofed curve is mechanical. 

As curves which pafs through the fame point have 
the fame tangent when the firft fluxions of the ordinates 
are equal, fo they have the fame curvature when the 2d 
fluxions of the ordinate are likewile equal; and halt 
the chord of the ofculatory circle that is intercepted 
between the points where it interfects the ordinate, is 
a 3d proportional to the right lines that meafure the 
2d fluxion of the ordinate and firft fluxion of the 
curve, the bafe being fuppofed to flow uniformly. 
When a ray revolving about a given point, and termi- 
nated by the curve, becomes perpendicular to it, the 
firft fluxion of the radius vanifhes ; and if its 2d fluxion 


* vanith at the fame time, that point muft be the centre 


of curvature. The fame may be faid, when the angw- 
lar motion.of the ray about that point is equal to the 
angular motion of the tangent of the curve; as the 
angular motion of the radius of a circle about its cen- 
tre is always equal to the angular motion of the tan- 
gent of the circle. Hence the various properties of 
the circle may fuggelt feveral theorems for determin- 
ing the centre of curvature, 

See art. 396 of the faid book, alfo the following, 
concerning the-curvature of lines that are defcribed by 
means of right lines revolving about given poles, or oF 
angles that either revolve about fuch poles, or are carried 
along fixed lines. 

It is ta be obferved that, as when a right line inter- 
feéts an arc of a curve in two points, if by varying the 
pofition of that line the two interfeCtions unite i one 
point, it then becomes the tangent of the arc ; fo when 
a circle touches a curve in one point, and interfects it in 
another, if, by varying the centre, this interfection joins 
the: point of contact, the circle has then the ‘clofeit 
contaét with the arc, and becomes the circle of curva- 
ture; but it {till continues to interfecét the curve at the 
fame point where it touches it, that is, where the fame 
right line is their common tangent, unlefs another in- 
terfeGtion join that point at the fame time. In gene- 
ral, the circle of curvature interfects the curve at the 
point of ofculation, only when the number of the fuc- 
ceflive orders of fluxions of the radius of curvature, 
that vanifhes when this radius comes to the point of 
ofculation, is an even number. 

Jt has been fuppofed by fome, that two points of 
contatt, or four interfections of the curve and circle of 
curvature, mut join to form an ofculation, But Mr. 

James 
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James Bernoulli juftly infifted, that the coalition of one 
point of contact and one interfeGion, or of three inter- 
feCtions, was fufficient. In which. cafe, and in general, 
when an odd number of interfections only jot each 
other, the point where they coincide continues to be an 
interfeCtion of the curve and circle of curvature, as well 
as a point of their mutual contaét.and ofculation. See 
Maclauria’s: Flux. art. 493. 





From thefe principles may_be determined’ the circle 
of curvature at any ‘point of a conic feGtion. Thus, 


fuppofe AEMHG be any conic fection, to the point B. 


of which the circle or radius of curvature is to be found. 
Let ET be a tangent at E, and draw EGB and the 
tangent HI parallel to the chords of the circle of: cur- 
vature; then take EB to EG as El? to HI*; or, whea 
the feétion has a centre O, as in the ellipfe and hyper- 
bola, as the fquare of the femi-diameter Oa parallel to 
ET, is to. the fquare of ghe femi-diameter OA paral- 
kel to EB; and acircle EB defcribed upon the chord 
EB that touches E'L, will be the circle of curvature 
fought. 

When BET is a right angle, or EB is the diame- 


ter of the circle of curvature, EG will be the axis of 


the conic fe€tion, and EB will be the parameter of this 
axis; alfo when the point G, where the conic fection 
cuts EB, and the point B, are on the fame fide of E, 
then EMG will be an elipfis, and EG the greater or 
lefs axis, according as EG is greater or lefs than EB. 

The propofitions relating ta the curvature of the 
conic fetions, commonly given by authors, follow with. 
out much difficulty from this contruction. 

1. When the chord of curvature, thus found, pafles 
through the centre of the conic fection, it will then be 

“equal to the parameter’ of the diameter that paffes 
through the point of contact. 

2, The {quare of the femi-diameter Oa, is to the re&t- 
angle of half the tranfverfe and half the conjugate axis, 
as the radius of curvature CE is to Oa. And there- 
fore the cube of the femi-diameter Qa, parallel to. the 
tangent ET, is equal to the folid contained by the 
radius-of curvature CE, and the rectangle of the two 
axes. 

3. The. perpendicular to either axis bifeéts the angle 

-made by the chord of curvature, and the common tan- 
ent of the conic fe€tion and circle of curvature. 

4. The chord of the ofculatory circle that paffes 
through the focus, the diameter conjugate to that 
which paffes through the point of contaé, and the 
ttanfverfe axis of the figure, are in continued propor- 
tion. 


{ 349 3 


CUR 


5. When: the fection is an ellipfe, if the circle of 
curvature at E meet Og in , the {quare of Ed will be 
equal to twice the {quare of Oz. Hence Ed: Oa:: 
2:1. Which gives an eafy method of determining 
the circle of curvature to aay point E, when the femi- 
diameter Oc is given in magnitude and pofition.. 

Several other properties of the circle of curvature, 
and methods of determining it when the fection is given; 
or vice verfa, of determining the feGtion when the circle 
of curvature is given, may be feen in Maclaurin’s Flux.- 
art. 375. See alfo the Appendix to Maclaurin’s Alge- 
bra, fect. 1. 

To determine the Radius and Circle of Curvature by the 
Method of Fluxions. Let AXe be. any curve, concave 
towards its axis AD; draw an ordinate DE to the 
point E where the curve is required to be found; and 
fuppofe EC perpendicular to the curve, and equal to the 
radius of the circle BEe of curvature fought ; laltly,. 
draw Ed parallel to AD, and de parallel and indefi- 
nitely near to DE; thereby making Ed the fluxion 
or. increment of the abfeifs AD, alfo de the fluxion 
of the ordinate DE, and Fe that.of the curve AE. 
Now put x = AD, y= DE, x = AE; and r=.CE 
the radius of curvature; then is ED = 4, de = y, and 


Ee = % 

Now, by fim. tri:.the 3 lines -- Ed , de, Ee, 
or’ - Re gr Ih ees ‘ 

are refpeGtively as the three - GE,GC,CE;. 

therefore - - GC.z=GE 3; 


and the flux. of this equa. is 
GC.8 + CC. 8 = GE.3 + GE J,. 
or becaufe GC = — BG; it is 
GC..# — BG, # =GE¥ + GEy. 
But; fince the two curves AE and. BE have the fame 
curvature at the point E, their abfciffes and ordinates ~ 
have the fame fluxions at that point, that is Ed or # is 
the fluxion both of AD and BG, and de or y is. the 
fluxion both of DE and GE. In the above equation 


therefore fubftitute + for BG, and ‘y for GE, and it 
becomes - GC .#—-** = GE.j +5, 

or - C.x — GE. j= 4? +7? ord?, 
Now mult. the three terms of this equation refpeAively 

a x z s 
by thefe: three - quantities, ae GE’ CE’ which are 
. F S a3 x3 

equal, and it becomes y¥ ~ ay = cr; 


23 
and hence r = eas which is the general value 


yam 
of the radius. of carvatinre for all curves whatever, in. 
terms of the fluxions of the abfcifs and ordinate. 
Farther, as in any cafe either x or y may be fuppofed 

to flow equably, that is, either # or y conftant quanti- 
ties, or # or y= to nothing, by this fuppofition either 
of the terms in the denominator of the value of r may_ 
be. made to vanith. So that when * is conftant, the 








value of r is » but ris = whet 7 32 con-~ 


a 
ftant. 

For example, fuppofé it were required to find the 
radius or circle of curvature to any point of a parabos 
la, its vertex being A, and axis AD.—Now. the equa- 


tion 


(  €UR 
‘Yon of the curve is ax = 9%; henée az = 29j,and 
a% = 2%, fuppofing ¥ conftagt, alfo a*x™ = 4y°y* 5 
hence ¢ or Z 





a 4 z 
_#_,, Ba ee, 

Fz Fe 2a? 2a 
the general value of the radius of curvature for any 


< ‘point E, the ordinate to which cuts offthe abfcifs AD 
= . 
Hence, when x or the abfcifs is nothing, the lat ex- 
3 
preffion becomes barely = ja =r for the ra- 
2a ’ 


dius of curvature at the vertex of the parabola; that 
$s, the diameter of the circle of curvature at the vertex 
of a parabola, is equal to ¢ the parameter of axis. 

Variation of Curvature. Sve VartaTion. 

Double Curvature, is ufed for the curvatute of a 
ine, which twifts fo that all the parts of it do not lie 
in the fame plane. 

CURVE, a line whofe feveral parts proceed bowing, 
or tend different ways; in oppofition to a itraight 
line, all whofe parts have the fame courfe or direc- 
tion. 

The do@trine of curves, and of the figures and folids 
era from them, conftitute what is called the 
higher geometry. 





In a curve, the line AD, which bifeés all the paral- 
lel lines MN, is called a diameter ; and the point A, where 
the diameter meets the curve, is called the vertex: if AD 
bifeét all the parallels at right angles, it is called the 
axis. "The parallel liges MN are called ordinates, or 
ajplicates 3 and their halves, PM, or PN, femi-ordinates. 
‘The portion of the diameter AP, between the vertex, 
or any other fixed point, and an ordinate, is called the 

_abfeifs ; alfo the concourfe of all the diameters, if they 
meet all-in one point, is the centre. This definition of 
the diameter, as bifeCting the parallel ordinates, refpects 
only the conic fe&tions, or fuch curves as are cut only 
in two points by the ordinates; but inthe lines of the 
3d order, which may be cut in three points by the er- 
dinates, then the diameter is that line which cuts the 
ordinates fo, that the fum of-tke two parts that lie 
on one fide of it, fhall be equal te-the part on the other 
fide + and fo on for curves af higher orders, the fum of 
the parts of the ordinates on one fide of the diameter, 
Being always equal to the fum of the parts on the ctker 
fide of it.” . 

Curve lines are diftingu‘fled into algelraical or geome- 
trical, and iranfeenderial or mechanical. 

_ Algebraical ov Geometrical CURVES, are thofe in which 
the relation of the abfe AP, to the ordinates PM, 
can be expreffed by a common algebraic equation 
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And Tranfeendenial or ‘Mechanical Curves, are fuch 
as cannot be-fo defined or ‘exprefled by an algebraical 
equation. . See TRANSCENDENTAL Curve. . 

Thus, fuppofe, for inftance, the curve be.the circle ; 
and that the radius AC = r, the abfcifs AP = x, and 
the ordinate PM = y; then, becaufe the nature of the 
circle is fuch, ‘that the re€tangle AP x PB is always 
== PM?, therefore the equation is «.27 — x = y*s 
or 2rx — x? = y*, defining this curve, which is there- 
fore an algebraical or geometrical line. Or, fuppofe 
CP = x3 then is CM? — CP* = PM?, that is r? 
— x? = y*; which'is another form of the equation of 
the curve. 

"The doétrine of curve lines in general, as expreffed 
by algebraical equations, was firft introduced by Des 
Cartes, who called algebraical curves geometrical oncs 
as admitting none elfe into the conitrudtion of pro- 
blems, nor confequently into geometry. But Newton, 
and after him Leibnitz and Welfius, are of ancther opi- 
nion ; and think, that in the conftruétion of a problem, 
one curve is not to be preferred to another for its 
being defined by a more fimple equation, but for its 
being more eafily defcribed. eens 
*. Algebraical or geometrical lines are beft diftinguifhed 
into orders according to the number of dimentions of 
the equation Sfictine the relation between its ordi- 
nates and abfciffes, or, which is the fame thing, accord- 
ing to tlie number of points in which they may be cut 
by a sight line. And curves of the fame kind or order, 
are thole whofe equations rife to the fame dimenfion. 
Hence, of the firlt order, there is the right line only; 
of the 2d order of lines, or the firft order of curves, 
are the circle and conic fe@tions, being 4 fpecies only, 

«2 


z . OF etme 
viz, dx — x? ==? the circle, rds — 5% = y* the 


2 


ellipfe, = dx a7 = y? the hyperbola, and dx =: y? 


the parabola: the lines of the 3d order, or curves of 
the 2d order, are expreffed by an equation of the 3d 
degree, having three roots; and fo on, Of thefe lines 
of the 3d order, Newton wrote an exprefs treatife, un- 
der the title 6f-Enumeratio Linearum Tertit Ordinis, 
fhewing their ditin@ive charaCters and properties, to 
the number of 72 different fpecies of curves: but Mr. 
Stirling afterwards added four more to that num- 
ber; and Mr. Nic. Bernoulli and Mr. Stone added two 
more. oa 

Curves of the 2d and other higher hinds, Newton ob- 
ferves, have parts and properties fimilar ‘to thofe of the 
ut kind: Thus, as the conic feétions have diameters 
and axcs; the lines bifected by thefe are ordinates ; and 
the interfe€tion of the curve and diameter, the vertex: 
fo, in curves of the 2d kind, any two parallel right lines 
being drawn to meet the curve in 3 points; a right Ine 
cutting thefe parallels fo, as that the fum of the two 
parts between the fecant and the curve on one fide, is 





“equal to the 3d part terminated by the curve en the 


other fide, will cut, in the fame manner, all other right 
lines parallel to thefe, and that mect the curve in thrce 
points, that js, fo as that the fum of the two parts on 
one fide, will fill be equal to the 3d part on the other 
fide. Thefe three parts therefore thus.equal, may he 
called ordinates, or epplicates ; the cutting line, the da- 

mieder § 
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meter s and where it cuts the ordinates at right angles, 
the axis s the interfe€tion of the diameter and the curve, 
the vertex ; and the concourfe of two diameters, thé 
centre ; alfo the concourfe of ail the diameters, the com- 
mon oY general centre. id 

Again, as an hyperbola of the firft kind has two 
afymptotes ; ‘that of thé zd has 3 ; that of the 3d has 
43 &c: and as the parts of any right line between the 

“conic hyperbola and its two afymptotes, are equal on 
either fide ; fo, in hyperbolas of the 2d kind, any right 
line cutting the curve and its three afymptotes in three 
points; the fum of the two parts of that right line, ex- 
tended from any two afymptotes, the fame way, to two 
points of the curve, will be equal to the 3d part ex- 
tended from the 3d afymptote, the contrary way, to 
the 3d point of the cnive. : 

Again, as in the conic féions that are not parako- 
lical, the {quare of an ordinate, i. ¢, the reQangle of the 
ordinates drawn on the contrary fides of the diame- 
ter, is to the rectangle of the parts of the diameter 
terminated at the vertices of an -ellipfe or hyperbola, 
in the fame proportion as a given lime called the latus 

* reétum, is to that part of the diameter which lies be 
tween the vertices, and called the Jatus tranfverfum: 
‘fo, in curves of the 2d kind, not parabolical, the paralle= 
lopiped under three ordinates, is to the parallelopiped 
under the parts. of the diameter cut off at the ordinates 
and the three vertices of the figure, in a given ratios 
in which, if there be taken three right lines fituate at 
the three parts of the diameter between the vertices 
of the figure, each to. each; then thefe three right 
lines may be called the Jatera reda of the figure ; and 
the parts of the diameter between the vertices; the /atera 
se 

nd, as in a conic parabola, which has only one vers 
tex to one and the fame diameter, the rectangle under 
the ordinates is equal to the rectangle under the part 
of the diameter eut-off at the ordinates and vertex, and 
a given right line called the latus rectum: fo, in curves 
of the zd kind, which have only two vertices to the 
fame diameter, the parallelopiped under three ordinates, 
is equal to the parallelopiped under two parts of the 
diameter cut off at the ordinates.and the two vertices, 
and a given right line, which may therefore be called 
the Jatus tranfverfum. 

Further, as in the conic fe€tions, where two parallels, 
ferminated on each fide bya curve, are cut by two other 
parallels terminated on each fide by a curve, the rit by 
the 3d, and the 2d by the ath; the reétangle of the 
parts of the 1ft is to the reGtangle of the parts of the 
3d, as that of the 2d is to that of the 4th: fo, when 
four fuch right lines occur in a curve of the 2d kind, 








each in three points ; the parallelopiped of the parts of , 


the rt, will be to.that of the parts of the 3d, as that of 
the 2d to that of the 4th. : 

Laftly, the legs of curves, both of the 1ft, 2d, and 
higher kinds, are either of the parabolic or hyperbolic 
kind: an hyperbolic leg being that which approaches 
infinitely towards fome afymptote ; and a parabolic one, 
that which has no afymptote. 

Thefe legs are beft diftinguifhed by their tangents ; 
for, if the point of conta&t go off toan infinite diftance, 
the tangent of the hyperbolic leg will coincide with 
the afymptote; and that of the parabolic leg, recede 
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infinitely; and vanith. Therefore the afymptate of any 
leg is found, by fecking the. tangent of that leg to a 
point infinitely diftant ; and the direGtion of an infinite 
leg is found, by feeking the pofition of .a right Ime 
parallel to the tangent, where the point of contac is 
infinitely remote, for this line tends that way towards 
which the infinite leg is direGted. 


Reduttion of Curvas of the 2d kind. 


Newton reduces all curves of the 2d kind to four 
cafes of equations, expreffing the relation between the 
ordinate and abfeifs, viz, 
in the rit cafe, xy? + 


= ax} 4 bx? cx +d; 
inthe 2d, - 


ay = ax + bat + ce + d3 
in the 3d; é Pax + be pcx td; 
in the 4th, - y = axd- + bx? tox +d. 
See Newton’s Enumeratio,, fe&. 35, and Stirling’s 
Linex, &c, pa. 83. 


Enumeration of the Gurvas of the 2d kind. 


Under thefe four cafes, the auther brings a great 
number of different forms of curves, to which he gives 
different names, An. hyperbola lying wholly, within 
the angle of the afyinptotes, like a.conic hyperbola, he 
calls an infertbed hyperbola ; that which cuts the 
afymptotes, and contains the-parts cut off within its 
own periphery, a circurferited hyperbola ; that which has 
one of its infinite. leys.infcribed and. the other circum- 
feribed,. he. calls ambigenal ; that whofe legs look .to- 
wards each other, and are directed the fame way, cong 
verging ; that-where they look contrary, ways, diver- 
ging 3 that where they, arc convex differgnt ways, cro/i- 
fegycd ; that applied to its afymptote with a concave 
vertex, and diverging legs, conchotdal; that which cuts 
its afymptote with contrary flexures, and is produced 
each way into contrary legs, anguineows, or fnake-like 3 
thet which cuts its conjugate acrofs, cruciform ; that, 
which returning around cuts itfelf, nodated ; that whofe 
parts concur in the angle of contaét, and there termi- 
nate, cufpidaied ; that whofe conjugate is oval, and in~ 
finitely {mall, i. e. a point, pointed; that which, from 
the impoffibility of two roots, is without either oval, 
node, cufp, or point, pure. And in the fame’manner 
he cenominates. a parabola converging, diverging, cruci- 
form, &c. Alfo when the number of. hyperbolic legs 
exceeds that of the-conic hyperbola, that is more.than 
two, he, calis the hyperbola redundaat. 

Under thofe 4 cafes the author enumerates.72 difj 
ferent curves: of thefe,.g are rédundant. hyperbolas, . 
without diameters, having three afymptotes. including 
a triangle; the firft. confifting Pe three hyperbolas, 
one infcribed, another circumferibed, and the third’ 
ambigenal, with an oval; the 2d, nodated; the 3d,. 
cufpidated ; the 4th, pointed ; the 5th and 6th, pure; .. 
the 7th and Sth, cruciform ; the gthor laft, anguineal. 
There are 12 redundant hyperbolas, having’ only one 
diameter: the r1ft, oval; the 2d, nodated; the 3d, 
cufpidated ; the 4th, pointed; 5th, 6th, 7th, and 8th, 
pure; thé oth and 1oth, cruciform; the 11th and 
12th, conchoidal. And to this clafs Stirling adds 2 
more, There are 2 redundant hyperbolas, with three di- 
ameters. Tiere are 9 redundant hyperbolas, with three 
afymptotes converging to a common point; the rift 
being formed of the 5th and 6th redundant eaters : 

z whofe 


A triangle; the 2d formed of 
the 7th and 8th; the 34 and-gth, of the oth; the sth 
is formed. of the sth and 7th of the redundant byper- 
bolas, with one diameter ; the 6thy of the 6th and ath 5 
tht 7th, of the 8th and gth ; the 8th, of the 1oth and 
rth; the oth, of the 12th and 13th: all which con- 
verfions are effected, by diminifhing the triangle com- 
prehended between the afymptotes, till it vanifh into 
a point. 

Six are defeétive parabolas, having no diameters: 
the rf, oval; the 2d, nodated ; the 3d, -cufpidated ; 
the 4th, pointed ; the sth, pure; &e. 

Seven are defective hyperbolas, having diameters: 
‘the 1ft and 2d, conchoidal, with an oval ; the 3d, no- 
dated; the 4th, cufpidated, which is the cifluid of the 
ancients ; the sth and 6th, pointed ; the ath, pure. 

_ Seven are parabolic hyperbolas, having diameters : 
the ft, oval; thé 2d, nodated ; the 3d, cufpidated ; 

“the qth, pointed; the sth, pure; the 6th, cruciform ; 
the 7th, anguineous. 

Four are parabolic hyperbolas : four are hyperbo- 
lifms of the hyperbola: threc, hryperbolas of the ellip- 
fis: two, hyperbolifms of the parabola. 

Six are diverging parabolas ; one, a trident ; the 2d, 
oval; the 34, nodated ; the 4th, pointed ; the sth, 
seufpidated (which is Neil’s parabola, ufually called the 
femi-cubical parabola) 3 the 6th, pure. 

Laftly, one, commonly called the cubical parabola, 

Mr. Stirling and Mr. Stone have thewn that this 
‘enumeration is imperfect, the former having added 
four new fpecies of curves to the number, and the lat- 
ter two, or rather thefe two were firft noticed by Mr. 
Nic. Bernoulli. Alfo Mr. Murdoch and Mr. Geo. 
Sanderfon have found fome new fpecies ; though fome 
perfons difpute the reality of them. See the Genelis 
Curvaruth per umbras, and the Ladies’ Diary 1788 
and 1789, the prize queftion. 

Organical Defeription of Curves.—Sir Haac Newton 
‘fhews that curves may he gencrated by fhadows. He 
fays, if upon an infinite plane, iNuminated from a 
Jucid point, the fhadows of figures be projeéted ; the 
fhadows of the conic feCtions w ill always be conic fec- 
tions; thofe of the curves of the 2d kind, will always 
be curves of the 2d kind; thofe of the curves of the 
3d kind, will always be curves of the 3d kind; and fo 
‘on ad infinitum 

And, like as the projeéted fhadow of a circle gene- 
rates all the conic feétions, fo the 5 diverging para- 

‘bolas, by their fhadows, will generate and exhibit all 
the reft-of the curves of the zd kind: and thus fome of 
‘the moft fimple curves of the other kinds may be found, 
which will form, by their fhadows upon a plane, , pro- 
jeGted from F 
ame kind. And in the “French Memoirs may be feen 
a demonftration of this projeéticn, with a fpecimen of 
afew of the curves of the 2d order, which may be 
generated by a plane cutting a folid formed from the 
smotion of an infinite right line along a diverging para- 
bola, having.an oval, always paffing through a given 
‘or fixed point above the plane of that parabola. The 
shove method of Newton has alfo been purfued and il- 
luftrated with great elegance by Mr. Murdech, in his 
treatife entitled Newtoni Genefis Curvarum per unbras, 
feu Pei fpediva Univerfal's Elemerits 
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a lucid point, all the other curves of that - 
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Mr. Maclauria, in his Geometria Organica, fhews how 
to deferibe feveral of the {pecies of curves of the 24 
order, efpecially thofe having a double point, by the 
motion of right lines and angles: but a good commo- 
ious defeription by a continued motion a thofe curves 
which have no double point, is ranked by Newton 
among the mot difficult problems. Newton gives alfo 
other methods of defeription, by lines or angles re- 
valving above given poles ; and Mr. Brackenridge has 
given a generat method of defcribing curves, by the 
interfeGiion of right lincs moving about points in a 
given plane. See’ Philof. Tranf. No. 437, or Abr 
vol. 8, pa. 585 and fome particular cafes are demon- 
flrated in his Exerc. Geomeirica de Curvarum Deferip- 
tione. 

Cuaves above the 2d Order, The number of fpecies 
in the higher orders of curves increafe amazingly, thofe 
of the 3d order only it is thought amounting to fome 
thoufands, all comprehended under the following tea 
particular equations, 


Ving te ot 4b fety? tgxye + heety + iy? they +, 


or 2. y+ + fxy +p gxty + xy? +ixy +b ys 
or 3. xyt +e tgxythy? thy 
or 4. yt fy tg thy +0 
or 5. 8 fay tye bby | 
or 6. 93 +fxy? +yay +hy 
=anxt 6x3 pea? +dx be; 
or 7. 3 bexty tfay? tgay? tly* ties + by 


tfsty tay thy tin 

fy tgay thy 

ord. aly toy? iy toy +My 
=axi +bx* +ex +4. 

Thofe who with to fee how far this do@rine has been 
advanced, with regard to curves of the higher ordera, 
as well as thofe of the rft and 2d orders, may confult 
Mr, Maclaurin’s Geometria Organica, and Bracken- 
ridge’s Exerc. Geom. 

All geometrical lines of the odd orders, viz, the 3d, 
5th, 7th, &c, have at leat one leg running on inf. 
nitely ; becaufe all equations of the odd dimenfions 
have at leait one real root. But vaft numbers of the 
Iines of the even orders are only ovals; among which 
there are feveral having very pretty figures, fome being 
like fingle hearts, fome double ones, fome refembling 
fiddles, and others again fingle knots, double knots, 
&e. 

Two geometrical lines of any order will cut one ano» 
ther in as many points, as are denoted by the product 
of the two numbers expreffing thofe orders. 

The theory of curves forms a confiderable branch of 
Thofe who’are curious of 
advancing beyond the knowledge of the circle and the 
conic feétions, and to confider geometrical curves of a 
higher nature, and in a general view, will do well to 
ftudy Cramer’s Introduction & PAnalyfe des Lignes 
Courbes Algebraiques, which the learned and inges 
nious author compofed for the ufe of beginners. There 
is an excellent potthumous piece too of Maclaurin’s, 
printed as an Appendix to his Algebra, and entitled 
De Linearum Geometricarum Proprietatibus Genera- 
libus. ‘The fame author, at a very early age, gave a 
remarkable fpecimen of his genius and knowledge in his 
Geometria Organica ; and he carried thefe fpeculations 
farther afterwards, as may be {een in the theorems he 

3 has 
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or g. aty +ey? 
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has given inthe Philof, Tranf, See Abr. vol. 8, pa. 62. 
Other writings on this fubje&t, befide the Treatifes on 
the Conic SeGtions, are Archimedes de Spiralibus ; 
Des Cartes Geometria ; Dr. Barrow’s Leétiones Geo- 
metrice ; Newton’s Enumeratic Linearum Tertit Or- 
dinis; Stirling’s Mluftratio Tra@tattis Newtoni de Lineis 
Tertii Ordinis; Maclaurin’s Geometria Organica ; 
Brackenridge’s Deferiptio Linearum Curvarum; M, 
De Gua’s Ulages de l’Analyfe de Des Cartes ; befide 
many other Traéts on Curves in the Memoirs of feveral 
Academies &c. 
Ufe of Curves in the Conflrufion of Equations. One 
reat ule of curves in Geometry is, by means of their 
Interfections, to give the folution of problems. See 
ConsTRuCTION. 

Suppofe, ex. gr. it were required to conftruct the 
following equation of 9 dimenfions, 
at bat cro + da8+ext+ m+ fa3+gatthetk=so: 
affume the equation to a cubic parabola a3 = y3 then, 
by writing y for a4, the given equation will become 
pt bay? bey? + dary feay tay bfs4-go? the + kao; 
‘an equation to another curve of the 2d kind, where m 
or f may be affumed = 0 or any thing elfe: and by the 
deferiptions and, interfections of thefe curves will be 
given the roots of the equation to be conftruéted. 
It is fufficient to defcribe the cubic parabola once. 
‘When the equation to be conflructed, by omitting the 
two lait terms 4x and &, is reduced to 7 dimentions ; 
the other curve, by expunging m, will have the double 
point in the beginning of the abfcifs, and may be eafily 
defcribed as above: If it he reduced to 6 dimenfions, 
by omitting the laft three terms, ga?+4x-+é5 the 
other curve, by expunging f, will become a conic fec~ 
tion, And if, by omitting the laft three terms, the 
equation be reduced to three dimenfions, we fhall fall 
upon Wallis’s conftru€tion by the cubic parabola and 
right line. 

Reftification, InfleSion, Quadrature, Ge of Curves. 
See the refpective terms. 

Curve of a Double Curvature, is fuch a curve as has 
not all its parts in the fame plane. 

M. Clairaut has publifhed an ingenious treatife on 
curves of a double curvature. See his Recherches fur 
Jes Courbes A Double Courbure. Mr. Euler has alfo 
treated this fubje&t in the Appendix to his Analyfis 
Infinitorum, vol. 2, pa. 323. 

Family of Curves, is an affemblage of feveral curves 
of different kinds, all defined by the fame equation of 
an indeterminate degree ; but differently, according to 
the diverfity of their kind. For example, Suppofe an 
equation of an indeterminate degree, atx =y™: if 
m2, thenwill ax =y? ; ifm = 3, then willa*z =y? 5 
if m = 4, then is a3x = y+; &c: all which curves are 
faid to be of the fame family or tribe. 

The equations by which the families of curves are 
defined, are not to be confounded with the tranfcen- 
dental ones: for though with regard to the whele fa- 
mily, they be of an indeterminate degree; yet with 
refpe&t to each feveral curve of the family, they are 
determinate ; whereas tranfcendental equations are of 
an indefinite degree with refpeét to the fame curve. 

All Algebraical curves therefore compofe a certain 
family, confifting of innumerable others, each of which 
comprehends infinite kinds, For the equations by 

Vor, I. q 
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CUR 
‘which curves are defined involve only prodaéts, either 
of powers of the abfcifles and ordinates by donftant co. 
efficients ; or of powers of the abfciffes by powers of the 
ordinates ; or of conftant, pure, and fimple quantities 
by one another. Moreover, every equation to a Curve 
may have o for one member or fide of it ; for example, 
ax = y?, by tranfpofition becomes av —y? = 0. 'There~ 
fore the equation for all algebraic curves will be 


ay” + bay"? fp nx2y"—* Bee + - fy” r. 
+ fy bay"? =o. 
m—2 
+ yw 


Catacauftic, and Diacanflic Curves. See Catacav- 
stic, and Diacaustic. 

Exponential Curve, is that which is defined by an 
exponential equation, as ax? = y, &e. 

Curves ly the Light, or Cournes a la Lumiere, a 
name given to certain curves by M. Kurdwanowhki, a - 
Polith gentleman. He obferved that any line, flraight 
or curved, expofed to the aétion of a luminous point, 
received the light differently in its different parts, ac- 
cording to their diftance from the light. ‘Thefe dif. 
ferent effets of the light upon each point of the dine, 
may be reprefented by the ordinates of fome curve, 
which will vary precifely with thefe effets. Prieftley’s 
Hitt. of Vifion, pa. 752. 

Logarithmic Curve. See Locaritamic Curve. 

Curve Reflettoire, fo called becaufe it is the ap- 
pearance of the plane bottom of a bafon covered with 
water, to an eye perpendicularly over it. In this po- 
fition, the bottom of the bafon will appear to rife up- 
wards, from the centre outwards; but the curvature 
will be lefs and lefs, and at laft the furface of the water 
will be an afymptote go it. M. Mairan, who firft con- 
ceived this idea from the phenomena of light, found 
alfo feveral kinds of thefe curves; and he gives a geo- 
metrical deduction of their properties, fhewing their 
analogy to cauftics by refraction. Mem. Ac. 1740; 
Pricttley’s Hift. of Vifion, pa. 752. 

Radical Curves, a name given by ‘fome authors to 
curves of the fpiral kind, whofe ordinates, if they may 
be fo called, do all terminate in the centre of the in- 
cluding circle, and appear like fo many radii of that 
circle: whence the name. 

Regular Curves, are fuch as have their curvature 
turning regularly and continually the fame way j in 
oppofition to fuch as kend contrary ways, by having 
points of contrary flexure, which are called irregular 
curves. 

Charaéeriflic Triangle of a Curve, is the differential 
or elementary right-angled triangle whofe three fides 
are, the fluxtons of the abfcifs, ordinate, and curve; 
the fluxion of the curve being the hypothenufe. Soy 
if pg be parallel to, and indefi- © : 
nitely near to the ordinate PQ, = 
and Qr parallel to the abfcifs AP; r 
then ae the fluxion of the ab- 
fcifs AP, and gr the fluxion of 
the ordinate PQ, and 
fluxion of the curve AQ; hence A T 
the elementary triangle Q r is the 
charateriftic triangle of the eurve AQ; and the 
three fides are x, y, 23 in which # jy? = 2%. 

CURVILINEAR Angle, Figure, Superficies, (ey 

Zz are 
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‘are fuch a3 are formed or bounded by curves ; in oppo- 
fition to réétilinear ones, which are formed by ftraight 
lines or planes, : 

CUSP, .in Aftronomy, is ufed to exprefs the points 
or horns of the moon, or other luminary. 

Cusp, in Aftrology, is ufed for the 1f point of each 
of the twelve houfes, in a figure or {cheme of the 
heavens. See House. 

» Cusp, in the Higher Geometry, is ufed for the 
point or corner formed by two parts of a curve mect~ 
ing and terminating there. Sce Curve. 

Cusripaten Hyperbola, &c. See Curve. 

CUT-Bastiox. See Bastion. 

CUVETTE, or Cunerre, in Fortification, is a 

- kind of ditch within a ditch, being a pretty deep 
trench, about four fathems broad, funk and running: 
along the middle of the great dry ditch, to hold water 5 
ferving both to keep off the enemy, and prevent him 
from mining. 

CYCLE, acertain period or feries of numbers pro- 
eceding orderly from firit to laf, then returning again 
tothe firft, and fo circulating perpetually. 

Cycles have chiefly arifen from the incommenfura- 
bility of the revolutions of the earth and celeftial bo- 
dies to one another. "The apparent revolution of the 
fun about the earth, has been arbitrarily divided into 
24 hours, which is the bafis or foundation of all our 
menfuration of time, whether days, years, &c. But 
neither the annual motion of the fun, nor that of the 

_ other heavenly bodies, can be meafured exaétly, and 
without any remainder, by hours, or their multiples. 

That of the fun, for example, is 365 days 5 hours 

49 minutes nearly ; that of the moon, 29 days 12 hours 

44 minutes nearly. 

Hence, to fwallow up thefe fra&tions in whole num- 
bers, and yet in numbers which only exprefs days and 
years, cycles have been invented; which, comprc- 
fending feveral revolutions of the fame body, replace it, 
after a certain number of years, in the fame points of 
the heaven whence it firfl departed; or, which is the 
fame thing, in the fame place of the civil calendar. + 

There are various cycles ; as,’ the cycle of Indiétion, 
the cycle of the moon, the cycle of the fun, &e. 

Crexe of Endiétion, isa-feries of 15 years, returning 
conftantly around like the other cycles; and com- 
menced from the third year before Chrift ; whence it 
happens that if 3 be added to any given year of Chiift, 
and the fum be divided by 15, what remains is the year 
of the indiGtion. See InvicTion. 

Cycxe of the Moon, or the Lunar Cycle, is a period 
of 19 years; in which time the new and full moons 
“return to the fame day of the Julian year. Sec Catir~ 
PIC. 

This cycle is alfo called the Metonic period ox cycle, 
from jts inventor Meton, the Athenian 3 and alfo the 
Golden Number, from its excellent ufe in the calendar: 
though, properly fpeaking, the golden number is rather 
the particular number which thews the year of the 
lunar cycle, which any given year isin. This cycle 
of the moon only holds true for 31075 years: for, 
though the new moons do return to the fame day after 
19 years ; yet not to the fame time of the day, but near 
an hour and a half fooner; an error which in 31075 
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years amounts to an entire day. Yet thofe employed 
in reforming the calendar went on a fuppofition that 
the lunations return precifely from 19 years to 19 years, 
for ever. 

The ufe of this cycle, in the ancient calendar, is to 
fhew the new moon of each ycar, and the time of 
Eaiter. In the new one, it only ferves to find the 
Epatts; which fhew, in either calendar, that the new 
moon falls 11 days too late. . 

As the Orientals began the ufe of this cycle at the 
time of the Council of Nice in 325, they alumed, that 
the firft year of the cycle the pafchal new moon fell 
on the 13th of March: on’which account the lunar 
cycle 3 fell on the 1f of January in the third year. 

The Oceidentals, on the contrary, placed the number 
1 tothe rit of January, which occalioned a confiderable 
difference in the time of Eaiter. Hence,. Dionyfius 
Exiguus, on framing a utw calendar, perfuaded the 
Chriltians of the weft to falve the difference, and come 
into the practice of the church of Alexandria. 

To fird the Year of the Lunar Cycle, is to find the 
golden number. See Gorpen-Number. 

Cycre of the Sun, or Solar Cycle, is a period or ree 
volution of 28 years; beginning with 1, and ending 
with 28; which clapfed, the Dominical or Sunday- 
letters, and thofe that exprefs the other fealts, &c, re- 
turn into their former place, -and-proceed in the fame 
order as before. The days of the month vcturn again 
to the fame days of the week; the fun’s place to the 
fame figns and degrees of the ecliptic on the fame 
months and days, fo as not to differ one degree in a 
hundred years; and the leap years begin the fame 
courfe with refpeé to the days of the week on which 
the days of the month fall. 

This is called the cycle of the/im, gr the foler cycle, 
not from aay regard to the fun’s courfe, which has no 
concern in it ; but from Sunday, anciently called dies falits 
the fun’s day; as the domanical or funday letter is 
chicfly fought for from this revolution. 

The reformation of the calendar under pope Gregory 
the 13th, occafioned a confiderable alteration of this 
cycle: In the ‘Gregorian calendar, the folar cycle is 
not conftant and perpetual ; becaufe every 4th fecular 
year is common ; whereas, in the Julian, it is biffux- 
tile. The epoch, or beginning of-the folar cycle, 
both Julian and Gregorian, is the 9th year before 
Chrift. And therefore, 

To find the Cycle of the Sun for any given year + add 9 
to the number given, and divide the fum by 283 the 
remainder will be the number of the cycle, and the 
quotient the number of revolutions fince Chriik, If 
there be no remainder, it will be the 28th or kut year 
of the cycle. 





CYCLE of the Sun, with the correfpondent Sunday letters, 
in Jutian Years. 
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CYCLE ‘of the Sun, and Sunday Letters, from the Gree 
gorian year 1700 to the year 1800. 
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Great Pafcal Cycue, is another name for the Vic- 
torian or Dionyfian Period. Which fee. 

CYCLOID, on Trocuorm, a mechanical or tran- 
fcendental curve, which is thus generated: Suppofe 
a wheel, or a circle, AE, to roll along a fraight 
line AB, beginning at the point A, and ending at B, 
where it has completed juit one, revolution, thereby 
meafuring out a right line AB exaétly equal to the 
circumference of the generating circle AL, wiilit a 
snail or point A in the circumference of the wheel, or 
circle, traces out or defcribes a carvilineal path ADB ; 
then this curve ADB is the cycloid, or trochvid. 





Schooten, in his Commentary on Des Cartes, fays 
that Des Cartes firft conceived the notion of this ele- 

‘ant curve, and after him it was firit publifhed by Father 
Rterfenne, in the year 1615. But Torricelli, in the 
Appendix de Dimenfione Cycloidis, at the end of his 
treatife De Dimenfione Paraboke, publifhed 1644, fays 
that this curve was confidered and named _a cycloid, 
by his predeceffors, and particularly by Galileo about 
45 years before, i.e. about 1599. And Dr. Wallis 
fhews that it is of a much older flandiag, having 
been known to Bovilli about the year 1500, and 
even confidered by cardinal Cufanus much earlier, viz, 
before the year 1451. Philof. T'ranf. Abr. vol. 1, 

a. 116. It would feem however that Torricelli’s was 
the firft regular treatife on the Cycloid; though feveral 
particular properties of it might be known prior to 
his work. He firft thewed, that the cycloidal {pace 
is equal to triple the generating circle, (though Pafcal 
contends that Roberval fhewed this): alfo that the 
folid generated by the rotation of that {pace about its 
bafe, is to the circumfcribing cylinder, as 5 to 8: 
about the tangent parallel to the bafe, as 7 to 8: about 
the tangent parailel to the axis, as 3 to 4: &c 

Honoratus Fabri, in his Synopfis Geom. has a fhort 
treatife on the cycluid, containing demonftrations of 
the above, and many other theorems concerning the 
centres of gravity of the cycloidal fpace, &c; which 
she fays he Pind out before the year 1658. 


From the preface to Dr. Wallis’s treatife on the © 


eycloid we learn, that, in the year 1658, M. Pafcal 
publicly propofed at Paris, under the name of D’Et- 
tonville, the two following problems as a challenge, to 
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be folved by the mathematicians of Europe, with a re- 
ward of 20.piftgles for the folution: viz, 3 find the 
area of any fegment of the cycloid, cut off-by a right 
line parallel to the bafe ; alfo the content of the folid 
generated by the rotation of the fame about the axis, 
and about the bafe of that fegment. This challenge 
fet the Doétor upon writing that treatife upon the cy- 
cloid, which is a much better and compleater piece 
than had been given before upon this curre. He 
here gives the curve furfaces of the folids generated by 
the rotation of the cycloidal fpace about its axis, and 
about its bafe, with determmations of the centres of 
gravity, &c. He here aflerts too, that Sir Chiriftopher 
Wren, in 1658, was the firt who found out a right 
line equal to the curve of the cycloid; and Mr. Huy- 
gens, in his Herolog. Ofcillat. fays that he himfelf was 
the- firft inventor of the fegment of a cycloidal fpace, 
cut off by a right line parallel to the bafe at the dif- 
tance of 4 the axis of the curve from the centre, being 
equal to a re¢tilinear fpace, viz, to a regalar hexagon 
infcvibed in the generating circle ; the demonftration of 
which may be feen in Wallis’s treatife. : 

Several other authors have fpoken or treated of the 
eycloid: as Pafcal, in his treatife, under the name of 
D’Ettonville: Schooten in his Commentary on Des 
Cartes’s Geometry, near the end of the 2d book; M. 
Reinau, in his Analyfe Démontrée, tom. 2, pa. 595 : 
alfo Newton, Leibnitz, de la Loubere, Roberval, Des | 
€artes, Wren, Fabri, the Bernoulli’s, De la Hire, 
Cotes, &c, &e. : 

Properties of the Cycroiw.—The circle AE, by 
whofe revolution the cycloid is traced out, is called 
the generating circle ; the line AB, which is equal to 
the circumference of the circle, is the bafe of the cy- 
cloid ; and the perpendicular DC on the middle of the 
bafe, is its axis. The properties of the cycloid are 
among the moft beautiful ant ufeful of all curve lines: 
fome of the moft remarkable of which are as. follow: 

1. The circular arc DG = the line GH parallel 

to AB. 

2. The femicircumf. DGC = the femibafe AC. 

3. The are DH = double the chord DG.. 

4. The arc DA = double the diam. DC. 

5. The tang. Hi is parallel to the chord DG. 

6. The fpace ADBA = triple the circle AE or 

CGD &e. 
7. The fpace ADGCA = the fame circle AE, &c. 


0 








8. A body falls through any arc KL of a cycloid 
reverfed, in the fame time, whether that arc be great 
or fmali; that is, from any point L, to the loweft 
point K, which is the vertex reverfed: and that time 

Zaz is 


cre. 
isto the time.of falling perpendicularly through the 
axis MK, ‘asthe femicircumference of a circle is to 
its diameter, or a8 3°1416 to 2. And hence’ it fol- 
lows that, if a pendulum be made to vibrate in the are 
LKN of a cycloid, all the vibrations will be performed 
in the fame time. 

9. The evolute of a cycloid, is another equal cy- 
eloid. So that if two equal femicycloids OP, OQ, be 
joined at O, fo that OM be = MK the diameter of 
the jenerating circle, and the firing of a pendulum 
hung up at O, having its length = OK or = the 
curve OP; then, by plying the ftring round the curve 
OP, to which it is equal, and then the ball let go, 
x will defcribe, and vibrate in the other cycloid 

KQ. 

ro. The cycloid is the curve of fwifteft defcent : 
or a heavy body will fall from one given point to ano- 
ther, by the way of the arc of a cycloid paffing through 
thofe two points, in a lefs time, than by any other 
rout. . See the Works of James and John Bernoulli for 
many other curious properties concerning the defcents 
in cychbids, &c. 

Cycroips are alfo either curtate or prolate. 





‘Crctow, Curtate, or contraded, is the path de. 
feribed by fome point without the circle, while the 
sércumference rolls along a ftraight line ; anda 





Cyerow; Prolate, or Infleéted, is in Tike manner the 
path of fome point. taken within the generating circle. 

Thus, if, while the circle rolls along the line AB, 
the point R be taken without the circle, it will de- 
feribe or -trace out the curtafeor contracted cycloid 
RST; but.the poiht being taken. within. the circle, it 
will defcribe the prolate or tiflected cycloid RVW. 

Thefe two curves were both noticed by Torricelli 
and Schooten, and more fully treated of by Wallis, in 
his 'Freatife on the Cycloid, printed at Oxford in 1659 3: 
where he fhews. that thefe have properties fimilar to 
the firft or primary cycloid; only the laft of thefe is a 
curve haying a point of infleGtion, and the other croff- 
ing itfelf, and forming a node. Fy 

By continuing the motion of the wheel, or circle, 
fo as to deferibe a right line equal to the generating 
circumference feveral times repeated, there will be pro- 
duced as many repetitions of the cycloids, which fo 
united together will appear as in thefe figures. fol- 
lowing: 7 


L 356 J 


CYL 
Curtate Cycloid. 


Ce ia es 


Common Cycloid. 


GONG ON OR 


7 Infleted Cycloid. 

CYGNUS, the Swan, a conftellation of the northern 
hemifphere, being one of the 48 old ones, and fabled 
by the Greeks to be the fwan, under the form of which 
Jupiter deceived Leda or Nemefis, from which em~ 
brace fprung the beauteous Helen. 

The ftars in the conttellation Cygnus, in Ptolomy’s 
catalogue are 19, in Tycho’s 18, in Hevelius’s 47, 


and in the Britannic catalogue 81. 
CYLINDER, ‘a folid having two equal circular 


ends, and every plane feétion parallel to the ends a 
circle equal to them alfo. 


The cylinder may be conceived to be thus gene+ 


rated 





Suppofe two parallel circles AB and CD, and a right’ 
line carried continually round them, always parallel to. 
itfelf > this line will deferibe the curve furface of a cy- 
linder, ABDC, of which the two parallel circles AB 
and CD form the two ends, When the line, or fides 
is perpendicular to the ends, the cylinder is a right or- 


perpendicular one ; otherwife it is oblique.. 


Or the right cylinder may be conceived to be gene- 
rated by the rotation ofa rectangle about one of its fides. . 
The axis of the cytinder is the line conneGting the cen~ 
tres of its two parallel circular ends; and is equal to 


the altitude of the eylinder when this is.a right one, 


but exceeds the altitude in the oblique cylinder, in the 
proportion of radius to the fine of the angle of. its in- 


elination to the bafe. 


The convex furface of acylindér is equal to the pro- 
e of the axis multiplied by the circumference of its 
bafe. 

The folidity of a cylinder is equal to the area of its 
bafe multiplied’ by its perpendicular altitude. 

Cylinders of equal bafes and altitudes, are equal. 

Cylinders are to each other, as the produ& of their 
bafes and altitudes. And equal- cylinders. have their 
bafes reciprocally as their altitudes, 

A cylinder is 10 its infcribed {phere, or fpheroid, as 3: 
to 2: and to its inferibed cont as 3 to1. 

The 


CYL 

The oblique plane fections of a cylinder, are ellipfes ; 
but all the feCtions parallel to the ends, are circles. ¢ 

For the furfaces and folidities of the ungulas, or ob- 
lique flices, of a cylinder, fee my Menfuration, pa. 218,. 
2d edition. 

CYLINDRICAL, pertaining to acylinder.. 

CYLINDROID, a folid refembling the figure of a 
cylinder ; but differing from it as having ellipfes for its 
ends or bafes, inftead of circles, in the cylinder. 

In the cylindroid, the folidity and curve fuperficies 
are found the fame way as thofe of the cylinder; viz, 
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by multiplying the circumference of the bafe by the 
length or axis, for the furface ; and the aréd of the bafe 
by the altitude, for the folidity. 

CYMATIUM, Cimarium, or Cima, in Architec- 
ture, a member, or moulding of the cornice, whofe profile 
is waved; i. e. concave at top, and convex at bottom. 

CYNOSURA, a name given by the Greeks, to urfa 
minor, or little bear, otherwife called. Charles’s wain ; 
the ftar in the extremity of the tail being called the. 

ole ftar. 


CYPHER, or nought... See Cipher. 





D. 


DAR 


ACTYLONOMY, the art of counting or num- 
bering by the fingers.—Theé rule is this: the left 
thumb is reckoned 1, the index or fore-finger 2, and fo 
on to the right thumb, which is the tenth or laft, and 
eonfequently is denoted by the cipher o. 
DADO, that part in the middle of the pedeftal of a 
eolumn &c, between its bafe and cornice. 
DAILY, in Aftronomy. See Divrwar. 
DARCY (Covunr), an ingenious philofopher and 
mathematician, was born in Ireland in 17253 but his 
friends being attached to the Stuart family, he was fent 
to France, at 14 years of age, where he fpent.the reft 
of his life.. Being put under the care of the celebrated 
Clairaut, he improved fo rapidly in the mathematics, 
that at 17 years of age he gave a new folution of the 
problem concerning the curve of equal preffure in a re- 
fifting medium. ‘This was followed the year after by a 


determination of the curve defcribed by a heavy body,. 


fliding by its own weight along a moveable plane, at 
the fame time that the preffure of the body caufes a 
horizontal motion in the plane. Darcy ferved in the 
war of 1744, and was taken prifoner by the Englith: 
and yet, during the courfe of the war he gave two me- 
moirs to the academy; the firft of thefe contained a 
general principle in mechanics, that of the prefervation 
of the rotatory motion; a principle which he again 
brought forward in 1750, by the name of the principle 
of the prefervation of afion. 

_ In 1760, Darcy publithed An Effay on Artillery, con- 
taining fome curicus.experiments on the charges of gun- 
powder, &c, &c; and improvements on thofe of the in- 
genious Robins; a-kind of experiments which our au- 
thor carried on occafionally to the end of his life. 

In 1765, he publithed his Memoir on the Duration of 
the Senfation of Sight, the molt ingenious of his works: 
the refult of thele refearches was, that a body may 
fometimes pafs by our eyes without being feen, or mark- 
ing its prefence, otherwife than by weakening the bright- 
nels of the object it covers. 

All Darcy’s works bear the charafter which refults 
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from the union of genius and philofophy; but as he 
meafured every thing upon the largeft fede, and required 
extreme accuracy in experiment, neither his time, for- 
tune, nor avocations, allowed him to execute more than 
a very {mall part of what he projected. Imhis difpofi- 
tion, he was amiable, fpirited, lively, and a lover of in- 
dependence, a paffign to which he nobly facrificed, even 
in the midit of literary fociety—He died of a cholera 
morbus in 1779, at 54 years of age, 

Darcy was admitted of the French academy in 1749, , 
and was made penfioner-geometrician in 1770.—His 
effays, printed in the Memoirs of the Academy of 
Sciences, are various and very ingenious, and, are con- 
tained in the volumes for the years 1742, 1747, 1749). 
1750) 175%9 1752) 1753, 1754s 1758, 1759) 1760, 


-1765, and in tom, 1, of the Savans Etrangers. 


DARK Chamber. See Camera Obfcura. - 

DARK Tent, a portable camera obfcura, made fome- 
what like a defk, and fitted with optic glaffes, to take - 
profpects of landfcapes, buildings, &c. 

DATA, in General Mathematics, denote certain 
things or quantities, fuppofed given or known, from 
which other quantities are difcovered that were un- 
known, or fought. A problem or queftion ufually con-- 
fifts of two parts, data and quefita. 

Euclid has an exprefs and excellent treatife of Data ; 
in which he ufes the word for fuch fpaces, lines, anyles, 
&c, as are given; or to which others.can be found 
equal, 

Euclid’s Data is the firft in order of the books 
that have been written by the ancient geometricians, to 
facilitate and promote the method of refolution or ana- 
lyfis. In general a thing is faid to be given which is 
either aétually exhibited, or can be found ‘out, that is, 
which jis either known by hypothefis, or that can be 
demonftrated to be known: and the propofitions in the 
book of Euclid’s Data fhew. what things can be found 
out or known, from thofe that by hypothefis are already 
known: fo that in the analyfis or inveftigation of a . 
problem, from the things that are laid down as given 

or 
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‘we known, by the help of thefe propofitions, itis de- 
monftrated that other thin 
laf that others again are given, and fo on, till it is de- 
monftrated that that which was propofed to be found 
out in the problem is given; and when this is done, the 
problem is folved, and its compofition is made and de- 
rived from the compofitions of the Data which were em- 
ployed in the analyfis. And thus the Data of Eu- 
clid.are of the moft general and incceffary ufe in the fo- 
lution of problems of every kind. 

Marinus, at the end of his Preface to the Data, is 
millaken in afferting that Euclid has not ufed the fyn- 
thetical, but the analytical method in delivering them : 
for, though in the analyfis of a theorem, the thing to 


ibe demonttrated is affumed in the analyfis; yet, in the 


demonttrations of the Data, the thing to be demon- 
fivated, which is, that fomething is given, is never once 
affumed in the demonftration ; from which it is mani- 
feft that every one of them is demonftrated fynthetical- 
ly: though indecd if a propofition of the Data be 
turned into a problem, the demontftration of the propofi- 
tion becomes the analyfis of the problem. See Simfon’s 


edition of Euclid’s Data, which is efteemed the beit. 


DAVIS’s Quadrant, the common fea quadrant, or 
back-ftaf. Sec Bacx-Srarr. See alfo Robertfon’s 
Navigation, book 9, fect. 7. 

» DAY, a divifion of time arifing from the appearance 
and difappcarance of the fun. 

Dav is either natural or re a 

Artificial Day is that which is primarily meant by 
the word Day, and is the time of its being light, or the 
time while the fun is above the horizon. Though 
fometimes the twilight is included in the term day- 
light; in oppofition to night or darknefs, being the 
time from the end of twilight to the beginning of day- 


“Ught. 


Natural Day is the-portion of time in which the 
fun performs one revolution round the earth; or rather 
the time in which the earth makes a rotation on its 
axis. And this is either aftronomical or civil. 

Aftronomical Day begins at noon, or when the fun’s 
centre is on the meridian, and is counted 24 hours to 
the following noon. 

Civil Day is the time allotted for day in civil pur- 
pofes, and begins differently in different nations, but 
{till including one whole rotation of the earth on its 
axis; beginning either at fun-rife, fun-fet, noon, or 
midnight, 

rit, At fun-rifing, among the ancient Babylonians, Per- 
fians, Syrians, and moft other eaftern nations, with the 
prefent inhabitants of the’ Balearic iflands, the Greeks, 
&c. 2dly, At fun-fetting, among the ancient Athe- 
nians and Jews, with the Auttrians, Bohemians, Mar- 
comanni, Silefians, modern Italians, and Chinefe. 3dly, 
At noon, with aftronomers, and the anctent Umbri and 
Arabians. And 4thly, at midnight, among the ancient 
Egyptians and Romans, with the modern English, 
French, Dutch, Germans, Spaniards, and Portuguefe. 

‘The day is divided into hours; and a certain number 
of days makes a week, a month, ora year. 

The different length of the natural day in different 
climates, has been matter of controverfy, viz, whether 
the natural days be all equally long throughout the 
year; and if not, what their difference is? A profeffor 


are given, and from thefe_ 
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-of wmathematics at Seville, inthe Philof. Tranf, vol. to, 


_ pa. 425, aflerts, 


from a continued feries of obfervations” 
for three years, that they are all equal. But Mr. Flam- 
fteed, in the fame Tranf. pa. 429, refutes the opinion 5 
and fhews that one day, when the fun is in the equinoc+ 
tial, is fhorter than when he is in the.tropics, by 40 
feconds; and that 14 tropical days are longer than fo 
many equinoétial cnes, by 10 minutes, This inequality 
of the days flows from two feyeral principles : the one, 
the eccentricity of the earth’s orbit ; the other, the ob- 
liquity of the ecliptic with regard to the.equator, which 
is the meafure of time. As thefe two caufes happen 
to be differently combined, the length of the day is, 

See Fquation of time. 

Day’s-Vorf, in Navigation, denotes the reckoning 
or account of the fhip’s courfe, during 24 hours, or 
between noon and noon, 

DECAGON, a plane geometrical figure of ten fides 
and ten angles. When all the fides and angles are 
equal, it is a regular decagon, and may be infcribed ina 
circle; otherwife, not. 

Tf the radius ef a circle, or the fide of the inferibed 
hexagon, be divided in extreme and mean proportion, 
the greater fegment will be the fide of a decagon in- 
{eribed in the fame circle. And therefore, as the fide 
of the decagon is to the radius, fo is the radius to the 





_ fum of the two. Whence, if the radius of the circle be 


r, the fide of the infcribed decagon will be wat xr 


If the fide of a regular decagon be 1, its arca will 
be § +2 = 7°6942088 ; therefore as 1 is to 
Tolacee: vs the tua of the fide of any regular 
decagon, to the area of the fame : fo that, if s be the 
fide of fuch a decagon, its area will be equal to 
77694208857, See Recurar Figure. 

To infcribe a decagon in a circle geometrically. See 
my Menfuration, prob. 35, pa. 25, 2d edit. 

DECEMBER, the lait month of the year; in 
which the fun enters the tropic of Capricorn, making 
the winter folftice. 

In the time of Romulus, December was the roth 
month; whence the name, viz, from decem, ten; for 
the Romans began their year in March, from which 
December is the roth month. : 

The month of December was under the protection 
of Velta. Romulus affigned it 30 days; Numa re- 
duced it to 29; which Julius C:efar increafed to 31. 

At the latter part of this month they had the Fuvr- 
niles Ludi, and the country people kept the fcaft of the 
goddefs Vacuna in the fields, having then gathered in 
their fruits, and fown their corn; whence it feems is 
derived our popular feftival called Harveft-home. 

DECHALES (Craup-Frawcrs-Mitrier), an ex 
cellent mathematician, mechanift, and aftronomer, was 
born at Chambery, the capital of Savoy, in 1611. He 
chiefly excelled in a juft knowledge of the mathemati- 
cal and mechanical feiences: not that he was bent npon 
new difcoveries, or happy in making them; as his 
talent rather lay in explaining thofe fcicnces with cafe 
and accuracy ; which perhaps rendered him equally 
ufeful and deferving of efteem. Indeed it was general- 
ly allowed that he made the beft ufe of the produétions 
of other men, and that he drew the feveral parts of the 
mathematical fciences together with great judgment 

and 
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‘and perfpicuity. . It is alfo faid of him, that his’ pro- 
bity was not inferior to his learning; and that both 
thefe qualities made him generally admired and beloved 
at Paris, where for four years together he read public 
mathematical letures in the college of Clermont. 
From hence he removed to Marfeilles, where he taught 
the art of navigation and the practical mathematical 
Sciences.-—-He afterward became profeffor of mathema- 
tics in the univerfity of Turin, where he died March 28, 
1678, at 67 years of age. 

Among other works which do honour to his me- 
mory, are, 

1. An edition of Euclid’s Elements; in which he 
has omitted the lefs important propofitions, and ex- 
plained the ufes of thofe he has retained. 

2. A Difcourfe on Fortification; and another on 
Navigation. 

3. Thefe performances, with fome others, were col- 
leGted in 3 volumes folio, under the title of Mundus 
Mathematicus, being indeed a complete ¢ourfe of mathe- 
matics. And the fame was afterward much enlarged, and 
publithed at Lyons, 1690, in 4 large volumes, folio, 

DECIL, Decilis, an afpe& or pofition of two pla- 
nets, when they are diftant from each other a 10th part 
of the zodiac, or 36 degrees; and is one of the new 
‘afpeéts invented by Kepler. 

DECIMALS, any thing proceeding by tens; as 
Decimal arithmetic, Decimal fractions, Decimal feales, 
&e. 

Decimat Arithmetic, in a general fenfe, may be con- 
 fidered as the common arithmetical computation in ufe, 
in which the decimal fcale of numbers is ufed, or in 
which the places of the figures change their value in a 
tefifold proportion, pene 10 times as much for every 
place more towards the left hand, or to times lefs for 
every place more towards the right hand; the places 
being fuppofed indefinitely continued, both to the right 
and left. In this fenfe, the word includes beth the 
arithmetic of integers, and decimal fra€lions. Ina more 
reftrained fenfe however, it means only 

Decimat Fradions, which are fraCtions whofe deno- 
minator is always a 1 with feme number of ciphers an- 
nexed, more or fewer according to the value of the 
fra€tion, the numerator of which may be any number 
whatever ; as x5 3259 ig’'ses KC 

As the denominator of a decimal is always one of 
the numbers 10, 100, 1000, &c, the inconvenience of 
writing thefe denominators down may be faved, by 
placing a proper diitin¢tion before the figures of the nu- 
merator only, to diflinguifh them from integers, for the 
‘walue of each place of figures will be known in deci- 
mals, as well 2s in integers, by their diftance from the 
1ft or unit’s place of integers, having fimilar names at 
equal diflances, as appears by the following fcale of 
places, both in decimals and integer: 
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The-mark of diftinction for decimals, cafled the fer 
paratrix, has been various at different: times} according 
to the fancy of different authors; fometimes a femi- 
parenthefis, or a femicrotchet, or a perpendicular bar, 
or the fame with a line drawn under the figures, or 
fimply this line itfelf, &c; but it is ufual now to write 
either a comma or a full point near the bottom of the 
figures; I place the point near the upper part of the 
figures, as was done alfo by Newton; a method which 
prevents the feparatrix from being confounded with 
mere marks of punétuation. 

In fetting down a decimal fraction without its deno- 
minator, the numerator muft confift of as many places 
as there are ciphers in the denominator; and if it has 
not fo many figures, the defe& muift be fupplied by 
fetting before them as many ciphers as will make them 
up fo many: thus 74 is 3 5 and yo is 14.5 and yh4y 
is 0143 and rggy i8 0033 &c. 

So that, as ciphers on the right-hand fide of integers 
increafe their value decimally, or in a tenfold propor- 
tion, as 2, 20, 200, &c; fo, when fet om the left-hand 
of decimal fractions, they decreafe the value decimally, 
or in a tenfold proportion, as 2, °02, ‘002, &c. But 
ciphers fet on the other fides of thefe numbers, make 
no alteration in their value, neither of increafe nor de- 
creafe, viz, on the left-hand of integers, or op the right- 
hand of decimals; fo 2, or 02, or 002, &c, are all the 
fame ; as are alfo +2, or "20, or ‘200, &e. 

Decimal fraftions may be confidered as having been 
introduced by Regiomontanus, about the year 1464, 
viz, when he transformed the tables of fines from a 
fexagefimal to a decimal feale. "They were alfo ufed 
by Ramus, in his Arithmetic, written in 1550; and be- 
fore his time by our countrymen Buckley and Recorde, 
But it was Stevinus who firft wrote an exprefs treatifé 
on decimals, viz, about the year 1582, in La Pratique 
@& Arithmetique ; fince which time, this has commonly 
made a part in moft treatifcs on arithmetic. 

To reduce any Vulgar frattion, or parts of any thing, 
as fuppofe %, to a decimal fra@tiion of the fame value ; 
add ciphers at pleafure to the numerator, and divide by 
the denominator: thus, 

8)3-000 





375 = 35 
and therefore +375 or 53.85 is a decimal of the fume 
value with the propofed vulgar fraction 3, 7 

Seme vulgar fractions can never be reduced into de- 
¢cimals without defeét; as }, which by divifion is 
$3333 &c infinitely. : 

Such numbers are very properly called circulating 
decimals, afd repetends, becaufe of the continual return 
of the fame figures. See Reprrenps and Circv- 
LATES. 

The common arithmetical operations are performed 
the fame way in decimals, as they are in integers; re- 
gard being had only to the particular notation, to dif- 
tinguifh the fractional from the integral part of a fum. 
Thas, . 

In Addition and Subtraction, all figures. of the fame 
place or denomination are fet flrgight under each other, 
the feparatrix, or decimal poiats, forming a ftraight co- 
Jumn. 

In Multiplication, fet down. the numbers, and mul. 


tiply 
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stiply thenv as integers ; and point off from the produd. 
as many plices of decimals as there are in both factors; 
prefixing ciphers if there be any defc& of figures. 

In Divition, fet down the numbers and divide alfo as in 
integers ; making as many decimals in the quotient, as 
tlrofe in the dividend are more than thofe in the divilor, 

Examples are sumerous and common in-mof books 
of arithmetic. ‘ 

Decimar Seales, ave any feales divided decimally, 
or by tens 

DECLINATION, in Aftranomy, is the diftance 
-of the fun, ilar, planet, &c, from the equinocial, either 
northward cr fouthward; being the fame with latitude 
in geography, or diltance from the equator. 

Peclination is either real or apparent, according as 
the real or apparent place of the point or object is cone 
fidered, 

The declination of any point § is an arch of the 
meridian SE, contained between the given point and 
the equinoétical EQ. The declination of a ttar &c, 
is found by knowing or obferv- 
ing the latitude of the place, 
ie. the height of the pole, and 
then the meridian altitude of the 
ftar, &c; hence the difference 
between the‘ co-latitude and the 
altitude of the ftar &c, is the de- 
clination, viz,ethe difference be- 
tween EE, the co-latitude, and 
SH thealtitude, is ES the declina- J i 
tion. Forex. Tycho found at Uranibourg the meridian 
altitude of Cauda Leonis, viz, HS = 50° 59° oo” 
the co-latitude is - - HE=34 § 45 


ES = 16 53 15 
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To find the Sun’s Declination at any time having given 
his place in the ecliptic ; the rule is, as radius is to the 
fine of the fun’s longitude, fo is the fine of the greatett 
declination, or obliquity of the ecliptic, to his prefent 
declination fought. 

In conftruéting tables of declination of the fun, 
planets, aud ftars, regard fhould be had to refra¢tion, 
aberration, nutation, and parallax. 

By comparing ancient obfervations with the modern, 
it appears that the declination of the fixed ftars is va- 
riable; and that differently in different ftars 5 for in 


fome it increafes, and in others decreafes, and that in. 


different quantities. aa 

Circles of Decuination, are great circles of the 
fphere pafling through the poles of the world, on which 
the declination is meafured ; and confequently are the 
fame as meridians in geography. 

Parallax of DecuinaTiony ig an arch of the circle 
of declination, by which the parallax in altitude in- 
ereafes or diminifhes the declination of a ftar. 

Parallels of Decuinarion, are leffer circles parallel 
to the equinoGial. The tropic of Cancer is a parallel 
of declination at 23° 28’ diftance from the equinoétial 
northward ; and the tropic of Capricorn is the parallel 
of declination as far diftant fouthward. . 

Refraition of the DecuinaTion, an arch of the circle 
of declination, by which the declination of a far is in- 
ereafed or diminifhed by means of the refra@tion, 

2 


oh x60 





DEE 

Deciination of the Compafs, or Needle, is its devine 
tion from the true meridian, See Variation. 

Decuimation of a Vertical Plane, or Wali, in Dial- 
ling, is an arch of the horizon, comprehenced either 
between the plane and the prime vértical circle, when 
it is counted from the eait or weit; or between the 
plane and the meridian, if it be accounted from the 
north-or fouth. : 

DECLINATOR, or Decuratory, an inftru 
ment in dialling, by which the declinatici, inclination, 
and reclination of planes are determined. 

DECLINERS, or Decuismic Dials, are thofe 
which cut obliquely, cither the plane of the prime ver- 
tical circle, or the plane of the horizon. 

The ufe of declining vertical dials is very frequent ; 
becaufe the ereGt walls of houfes, on which dials are 
commonly drawn, moflly decline from the cardinal 

ints. But incliners and recliners are very rare. 

DECLIVITY, a floping or oblique defcent. 

DECREMENT, Lqual, of Life. See ComPLe- 
‘MENT of life. : 

Decxements are the frail parts by which a varia- 
ble and decreafing quantity becomes lefs and lefs. 
The indefinitely {mall decrements are proportional to 
the fluxions, which in this cafe aré negative. See 
Fruxions, alfo Increments, 

PECUPLE, a term of relation or proportion nm 
arithmetic, implying a tenfold change or fcale of varia- 
tion, or one thing 10 times as much as another. 

DECUSSATION, a term in geometry and optics, 
fignifying the croffing of any two lines or rays &c: 
or the"action itfelf of croffing. 

The rays of light decuffate in the chryftalline, before 
they reach the retina, ee 

Many of the lines of the 3d order decuffate them- 
felves. ‘See Newton’s Enumeratio, &c. 

DEE (Joun), a famous mathematician and aftrolo- 
ger, was born at London 1527. In 1542 he was fent 
to St. John’s College, Cambridge. After five years 
clofe application to ftudy, chiefly in the mathematical 
and aftronomical {ciences, he went over to Holland, to 
vifit fome mathematicians on‘ the Continent ; whence, 
after a year’s abfence, he returned to Cambridge, and 
was there ele&ted one of the Fellows of Trinity College, 
then firfk ereéted by King Henry the 8th. In 1548 
he left England a fecond time, his ftay at home being 
rendered uneafy to him, by the fufpicions that were en~ 
tertained of his being a conjurer, ie chiefly from 
his application to aftronomy, and from fome mechani- 





_ cal inventions of his. 


He now vifited the univerfity of Louvain ; where he 
was much careffed, and vifited by feveral perfons of 
high rank. After two years he went into France, and 
read le€tures, in the college of Rheims, upon Euclid’s 
Elements. In 1551, he returned to England, and was 
introduced to King Edward, who affigned him a pen- 
fion of 00 crowns, which he afterward relinquifhed 
for the re€tory of Upton upon Severn. But foon after 
the acceffion of Queen Mary, having fome correfpon- 
dence with her fifter Elizabeth, he was accufed of prac- 
tifing againft the quecn’s life by enchantment: on 
which account he fyffered a tedious confinement, and 
was feveral times examined ; till, in the year 1555, he 
obtained his liberty by an order of council, 

. Whea 


DEE { 
‘When oe Elizabeth afcended the throne, Dee 


was confulted concerning a propitious day for the co- 
ronation: on which occafton he was introduced to the 
qreen, who made him great promifes, which were but 
ill performed.' In 1564, he made another voyage to 
the continent, to prefent a book which he had dedicated 
to the Emperor Maximilian. He returned to England 
the fame year; but in 1571 we find him in Lorrain; 
where, being dangeroufly ill, the queen fent over two 
phyficians to his relief. Having once more returned 
to his native country, he fettled at Mortlake in Surry, 
where he continued his fludies with much ardour, an 

collected a great library of printed books and mann- 
{cripts, with a number of initruments ; moft of which 
were afterward deftroyed by the mob, as belonging to 
one who dealt with the devil. 

In 1578, the queen being much indifpofed, Mr. Dee 
was fent abroad to cenfult with German phyficians and 
philofophers (aflrologers no doubt) on the occafion ; 
though fome have faid fhe employed him asa {py ;_ pro- 
bably he a&ted in a double capacity. We next find 
him again in England, where he was foon after em- 
ployed in a more rational fervice. The queen, defirous 
to be informed concerning her title to thofe countries 
which had been difcovered by Englifhmen, ordered 
Dee to coniult the ancient records, and to furnifh her 
with proper geographical defcriptions. Accordingly, 
in a fhort time, he prefented to the queen, at Rich. 
mond, two large rolls, in which the difcovered coun- 
tries were geographically defcribed and hiftorically il- 
Tuftrated. His next employment was the reformation 


of the calendar, on which fubjet he wrote a rational — 


and learned treatife, preferved in the A fhmolean library 
at Oxford. 

Hitherto the extravangancies of our eccentrical phi- 
lofopher feem to have been tempered with a tolerable 

roportion of reafon and f{cience ; but henceforward he 
1s to be confidered as a mere necromancer and.credulous 
alchymift, In the year 1381 he became acquainted 
with one Edward Kelly, by whofe affiftance he per- 
formed divers incantations, and maintained a frequent 
imaginary intercourfe with fpirits and angels; one of 
whom made him a prefent of a black fpeculum (a po- 
lithed piece of cannel-coal), in which thefe appeared to 
him as often as he had occafion for them, anfwering his 
qreftions, &c. Hence Butler fays, 


Kelly did all his feats upon 
The devil’s looking-glafs, a ftone. 
, Hupisras. 


In 1583 they became acquainted with a certain 
Polith nobleman, then in England, named Albert Latki, 
a perfon equally addicted to the fame ridiculous pur- 
fuits : he was fo charmed with Dee and Kelly, that he 
perfuaded ther to accompany him to his native coun- 
try ; by whofe means they were introduced to Rodolph 
king of Bohemia; who, though a credulous man, wes 
foon difgufted with their nonfenfe. They were after- 
ward introduced to the king of Poland, but with no 
better fuccefs. Soon after this they were entertained 
at the caftle of a rich Bohemian nobleman, where they 

_ lived for fome time in great affluence ; owing, as they 
afferted, to their art i tranfmutation by means of a 
certain powder in the poffeffion of Kelly. 
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Dee, now quarrelling with his companion, quitted 
Bohemia, and returned ‘to England, where he was once 
more gractoully received by the queen; who, in 1595, 
made him warden of Manchefter college, in which town 
he refided feveral years, In 1604 he returned tothis 
houfe at Mortlake, where he died in 1608, at 81 years 
He age ; leaving a large family and many works behind 

im. 

The books that were printed and publithed by Dee, 
are, 1. Propedumata Aphoriftica, Sc. in 1558, in t2mo. 
—2. Monas Hieroglphica ad Regem Romanarum Maxis 
milianum 3 1564.—3. Epiftola ad eximium ducis Urbini ma- 
thematicum, Fredericym Commandinum, prefixa libello Ma- 
chometi Bagdadini de Superficierum Divifionibus Sa; 
1570.—4. The Britifh Monarchy, otherwife called, The 
Petty Navy Royal ; 1576.—5. Preface Mathematical to 
the Englife Euclid, publithed by Henry Billingfley, 
1570: certainly a very curious and elaborate compo- 
fition, and where he fays, many more arts are wholly 
invented by name, definition, property, and ufe, thar 
either the Grecian or Roman mathematicians have left 
to our knowledge.—6. Divers and many annotations and 
inventions difperfed and added after the 1oth book of 
Lnglifh Euclid ; 1570.—7. Epifiola profs Ephemeridi- 
bus Foannis Feldi a 1557, cui rationem declaraverat Ephe- 
merides conferibendi.—8, Parallatice Commentationis Pax- 
eofque Nucleus quidam; 1573. 

This catalogue of Dee’s printed and publithed works 
is to be found in his Compendious Rehearfal Fc, as well 
as in his letter to Abp. Whitgift ; and from the fame 
places might be tranferibed more than 40 titles of 
books unpublithed, that were written by him. 

DEFENCE, in Sieges, is ufed for any thing that 
ferves to preferve or fcreen the foldiers, or the place. 
So the parapets, flanks, cafemates, ravelins, ada 
works, that cover the place, are called the defences, or 
covers of the place: and when the cannon have beaten 
down or ruined thefe works, fo that the men cannot 
fight under cover, the defences of the place are faid to 
be demolifhed. 

Line of Derenct, is that which flanks a baftion, 
being drawn from.the flank oppofite to it. 

The line of defence fhould not exceed a mufket thot, 
i, €. 120 fathoms : indeed Melder allows 130, Scheiter 
140, Vauban and Pagan 150. 

Line of Derence, greater, or fichant, is a line drawn 
from the point of the baftion to the concourfe of the 
oppofite flank and curtin. ; 

Line of Devence, leffer, or rafant, or flanquant, is 
the face A the battion aed zi the ra 

DEFERENT, or Dererens, in the ancient aftro- 
nomy, an imaginary circle, which, aa it were, carrics 
about the body of a planet, and is the fame with the 
eccentric; being invented to account for the eccen- 
tricity, perigee, and apogee of the planets. 

DEFICIENT Hyperbola, is a curve having only one 
afymptote, though two hyperbolic legs running out.in- 
finitely by the fide of the afymptote, but contrary 
ways. See Curve. : 

‘This name was given to the curves by Newton, in 
his Enumeratio Linearum tertii Ordinis, -' There are 6 
different fpecies of them, which have no diameters, ex- 
preffed by the equation xyy 4-ey = —ax3 + ba? + cx +d, 
the term ax? being negative. When the equation ex* 
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ze ba} 4 ex? + de 4- Eee has all its roots real and un- 
equal, the’curve has: an oval joined to it. When the 
two middle roots are equal, the oval joins to the legs, 
‘which then ‘cut one another in fhape of a noofe. When 
three roots are equal, the nodus is changed into a very 
acute cufp or point. When, of three roots with the 
fame fign, the two greateft are equal, the oval vanifhes 
into a point. When any two roots are imaginary, 
there is only a pure ferpentine hyperhola, without 
any oval, decuflation, cufp, or conjugate point ; and 
when the terms 6 and d are wanting, it is of the 6th 
{pecies. i 

There are alfo 7 different fpecies of thefe curves, 
having each one diameter, expreffed by the above equa- 
tion when the term ey is wanting: according to the 
various conditions of the roots of the equation ax? = 
bx? + cx-+d, as to their reality, equality, their having 
the fame figns, or two of them being imaginary. 

Dericient Numbers, are thofe whofe aliquot parts 
added together, make a fum lefs than the whole num- 
ber: as 8, whofe parts 1, 2, 4, make only 7; or the 
number 16, whofe parts 1, 2, 4, 8 make only 15. 

DEFILE, in Fortification, a narrow line or paflage 
through which troops can pafs only in file, making a 
{mall front, fo that the enemy may eafily ftop their 
march, and charge them with the more advantage, as 
the front and rear cannot come to the relief of one 
another. 

DEFINITION, an enumeration, or {pecification of 
the chief fimple ideas of which a compound idea con- 
fifts, in order to afcertain or explain its nature and 
character. 

Definitions are of two kinds; the one nominal, or 
of the name; the other real, or of the thing. 

Nominal DeFtnition, is an enumeration of fuch 
known characters as are fufficient for diftinguifhing 
any propofed thing from others; as is that of afquare, 
when it is faid that it is a quadrilateral, equilateral, 
reCtangular figure. 

Real Derinition, a diftin notion, explaining the 
genefis of a thing ; that is, how the thing is made or 
dane ; as is this definition of a circle, viz, that it isa 
figure deferibed by the motion of a right line about a 
fixed point. 

DEFLECTION, the turning any thing afide from 
its former courfe, by fome adventitious or external 
caufe. 

The word is often applied to the tendency of a thip 
from her true courfe, by reafon of currents, kc, which 
turn her out of her right way. 

Dercection of the Rays of Light, is a property 
which Dr. Hook obferved in 1675. He found it dif- 
ferent both from refle@tion and refra€tion ; and that it 
was made perpendicularly towards the furface of the 
opacous body. 

This is the fame property which Newton calls in- 

ion. And by others tt is called diffraction. 

DEGREE, im Algebra, is ufed in {peaking of equa- 
tions, when they are faid to be of fuch a degree accord- 
ing to the higheft power of the unknown quantity. if 
the index of that power be 2, the equation is of the 
ad degree ; if 3, it is of the 3d degree, and fo on. 

_Decrée, in Geometry or Trigonometry, is the 360th 
part of the circumference of any circle; for every 
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circle is confidered as divided’ into 360 parts, called 
degrees ; which are marked by a fmall ° near the top 
of the figure; thus 45° is 45 degrees. 

The degree is fubdivided into 60 {maller parts, called 
minutes, meaning firft minutes; the minute into 60 
others, called feconds; the fecond into 60 thirds; &c. 
Thus 45° 12° 20” are 45 degrees, 12 minutes, 20 
feconds. 

The magnitude or quantity of angles is accounted 
in degrees; for becaufe of the uniform. curvature of a 
circle in all its parts, equal angles at the centre are 
fubtended by equal arcs, and by fimilar arcs in peri~ 
pheries of different diameters ; and an angle is faid to 
be of fo many degrees, as are contained in the are of 
any circle comprehended between the legs of the angle, 
and having the angular point for its centre. Thus we 
fay an angle of go”, or of 45° 24’, or of 12° 20 30°, 
It is alfo ufual to fay, fuch a flar is mounted fo many 
degrees above the horizon, or declines fo many degrees 
from the equator ; or fuch a town is fituate in fo many 
degrees of latitude or longitude.—A fign of the eclip- 
tic, or zodiac, contains 30 degrees. 

The divifion of the circle into 360 degrees is ufually 
afcribed to the Egyptians, probably from the circle of 
the fun’s annual courfe, or according to their number 
of days in the year, allotting a degree to each day. 
It is a convenient number too, as admitting of a great 
many aliquot pa a8 2,3, 45 5, 6, 8, 9, kc. The 
fexagefimal fubdivifion, however; has often beefficon- 
demned as-improper, by many eminent mathematictdns, 
as Stevinus, Oughtred, Wallis, Briggs, Gellibrand,. 
Newton, &c; who advife a decimal divifion inftead 
of it, or elfe that of centefms ; as the degree into 100 
parts, and each of thefe into 100 parts again, and fo 
on. Stevinus even holds, that this divifion of the 
circle which he contends for, obtained in the wife age, 
in feculo fapienti. Stev. Cofmog. lb. 1, def. 6. And 
feveral large tables of fines &c have been conftructed 
according to that plan, and publifhed, by Briggs, New- 
ton, and others. And I myfelf have carried the idea 
ftill much farther, in a memoir publifhed in the Philof. 
Tranf, of 1783, containing a propofal for a new divifion 
of the quadrant, viz, into equal decimal parts of the 
radius; by which means the degrees or ‘divifions of the 
arch would be the real lengths of the arcs, in terms of 
the radius: and I have fince computed thofe lengths 
of the arcs, with their fines, &c, to a great extent and 
accuracy. 

Deorre of Latitude, is the fpace or diftance on the 
meridian through which dm obferver mut move, to 
vary his latitude by one degree, or to increafe or dimi- 
nifh the diitance of a ftar ain the zenith by one de- 
pees and which, on the fuppofition of the perfect 
(phericity of the earth, is the 360th part of the meridian. 

The quantity of a degree of a meridian, or other 
great circle, on the furtace of the earth, is vatioufly 
determined by different obfervers: and the methods 
nizde ufe of are alfo various. 

Eratofthenes, 250 years before Chrift, firft deter. 
mined the magnitude of a degree of the meridian, be- 
tween Alexandria and Syene on the borders of Ethiopia, 
by meafuring the diftance between thofe places, and 
comparing it with the difference of a ftar’s zenith dif. 
tances at thofe places; and found it 6944 ftadia. 

= Pofdontus. 
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Pofidonius, in the time of Pompey the Great, by 
means of the different altitudes of a ftar near the hori- 
zon, taken at different. places under the fame meridian, 
compared in like manner with the diftance between 
thofe places, determined the length of a degree only 
600 ftadia. 

Ptolomy fixes the degree at 68% Arabic miles, 
counting 7} ftadia toa mile. Thé Arabs themfelves, 
who made a computation of the diameter of the earth, 
by meafuring the diftance of two places under the fame 
meridian, in the plains of Sennar, by order of Alma- 
mon, make it only 56 miles. Kepler, determining the 
diameter of the earth by the diftance of two mountains, 
makes a degree 13 German miles ; but his method is 
far from being accurate. Snell, feeking the diameter 
of the earth from the diftance between two parallels of 
the equator, finds the quantity of a degree, 
by one method 57064 Paris toifes, or 342384 feet ; 
by another meth. 57057 - - toifes, or 342342 feet. 

he mean between which two‘numbers, M. Picard 
found by menfuration, in 1669, from Amiens to Mal- 
voilin, the moft certain, and he makes the quantity of 
adegree 57060 toifes, or 342360 feet. However, M. 
Caflini, at the king’s command, in the year 1700, 
repeated the fame labour, and meafuring the {pace 
of 6° 18’, from the obfervatory at Paris, along the me- 
ridian, to the city of Collioure in Rouffillon,' that the 

reatnefs of the interval might diminifh the error, 
Saad the length of the degree equal to 57292 toifes, 
or 343742 Paris feet, amounting to 365184 Englifh 
feet. 2 

And with this account nearly agrees #hat of our 
countryman Norwood, who, about the year 1635, 
meafured the diftance between London and York, and 
found that diftance 905751 Englith feet ; the difference 
of latitude being 2° 28/, hence, he determined the 
quantity of one degree at 367196 Englifh feet, or 
57300 Paris toifes, or 69 miles, 288 yards. See Newt. 
Princ, Phil. prop. 19; and Hitt Acad. Scienc. anno 
1700, pa. 153. 

M: Caffini, the fon, completed the work of mea- 
furing the whole are of the meridian through France, 
int718 For this purpofe he divided the meridian of 
France into two arcs. which he meafured feparately, 
The one from Paris to Collioure gave bim 57097 toifes ; 
the other from Paris to Dunkirk - - 56960; and 
the whole arc from Dunkirk to Collioure 57060, 
the fame as M. Picard’s. . 

M. Mufchenbroek, in.1700, refolving to corres the 
errors of Snell, found by particular obtervations, that 
the degree between Alemaer and Bergen-op-zoom con- 
tained 57033 toifes, 

Meffieurs Maupertuis, Clairaut, Camus, Monnier, 
and Outheir of France, were fent on a northern ex- 
pedition, and began their operations, affifted by M. 
Celfus, an eminent aftronomer of Sweden, in Swedith 
Lapland, in July 1736, and finifhed them by the end 
of May following. ‘They obtained the meafure of that 
degree, whofe middle point was in lat. 66° 20/ north, 
ail iad it $7439 toifes, when reduced to the level 
of the fea. About the fame time another company of 
philofophers was fent to South America, viz, Mef- 
fiers Godin, Bouguer, and Condamine of France, 
to whom were joined Don Jorge Juan, and Don An- 
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tonio de Ulloa of Spain.: They left Europe in 1 
and began their operations in ke province OF Quik 
Peru, about O@ober 1736, and finifhed them, after 
many interruptions, about 8 years after. The Spanith 
gentlemen publifhed a feparate account, and affign for 
the meafure of a degree of the meridian at the equator 
56768 toifes. M.:Bouguer makes it 56753 toifes, 
when reduced to the level of the fea; and’ M. Con- 
damine ftates it at 56749 toifes. 

M. Caille, being at the Cape of Good Hope in 
1752, found the feagth of a degree of the meridian 
in lat. 33° 18” 39// fouth, to be 57037 toifes. In 1755, 
father Bofcovich found the length of a degree in lat. 
43° north to be 56972 toifes, as meafured between 
Rome and Rimini in Italy. In the year 1740, Meflrs 
Caflini and La Caille again examined the former mea- 
fares in France, and, -after making all the neceflary 
corrections, found the meafure of a degree, whofe mid. 


> dle point isin lat. 49° 22/ north, to be 57074 toifes ; 


and in the lat. of 45°, it was 57050 toifes, 

In 1764, F. Beccaria completed the meafurement 
of a portion of the meridian near Turin; from which 
it is deduced that the length of a degree, whofe middle 
lat. is 44° 44° north, is 57024 Paris toifes, 

At Vienna, 3 degrees of the meridian were mea- 
fured ; and the medium, for the latitude of 47° 40° 
north may be taken at 57091 Paris toifes. Sve an ace 
count of this meafurement, by father Jofeph Liefganig, 
inthe Philof. Tranf. 1768, pa. rg. 

Finally, in the fame vol. too is an account of the 
meafurement of a part of the meridian in Maryland 
and_Penfilvania, North America, 1766, by Meffrs 
Mafon and Dixon; from which it follows that the 
length of a degree whofe middle point is 39° 12’ north, 
was 363763 Englith feet, or 569044 Paris toifes, 

Hence, from the whole we may colleé&t the follow. 
ing table of the principal meafures of a degree in dif. 
ferent parts of the earth, as meafured by different 
perfons, viz, $ 
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The method of obtaining the length of a degree of 
the terreftrial meridian, is to meafure a certain dittance 
upon it by a feries of triangles, whofe angles may he 
found by a@ual obfervation, connected with a bafe, 
whofe length may be taken by an aétual furvey, or 


otherwife ; and then to obferve the different altitudes 
a ES ae 
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of fome thar at the two extremities of that diftance, 
which gives the difference of latitude between them : 
then, by proportion, as this difference of latitude is to 
one degree, fo is the meafured length to the length of 
one degree of the meridian fought. This method was 
firft pradtifed by Eratofthenes, in Eeyp . See Gro- 
qarapuy, and the beginning of this article. 

Decrue of longitude, is the fpace between two me- 
ridians that make. an angle of 1° with each other at 
the poles ; the quantity or length of which is -variable, 
according to the latitude, being every where as the co- 
fine of the latitude ; viz, as the cofine of one'lat.. is to, 
the cofine of another, fo is the Tength of a degree in 
the former Jat-to that in the latter; and from this 
theorem is‘conipyted the following Table of the length 
of a degree of long. ‘indifferent latitudes, fuppofing the 
earth to be a globe. - : 
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miles, 

33745" 
32°40 
31°33 
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62°02 3°61 
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60°93 12 
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Note, This table is computed on the fuppofition that 
the length of the degrees of the equator are equal to 
thofe of the meridian at the medium latitude of 45° 
which length is 69, Englifh miles. 

"The expreffions ‘Latitude and Longitude, are bor- 
rowed from the ancients, who happened to be ac- 
quainted with a much larger extent of the carth in the 
direGtion eaft and weft, than in that of north and 
fouth; the former of which therefore pafled, with 
them, for the length of the earth, or longitude, and 
the latter for the breadth or fhorter dimenfion, viz, 
the latitude. 
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DEJECTION, in Aftrology, is applied to the 
planets when in their detriment,.as aftrologers fpeak, 
i. e. when they have loft their force, or influence, as is 
pretended, by reafon of their being in oppofition to 
fome others, which check and counteract them. 

_Or, it is ufed when a planet is in a fign oppofite to 
that in which it has its greatelt effect, or influence, 
which is called its exaltation. Thus, the fign Aries 
being the exaltation of the Sun, the oppofite ign Libra. 
is its dejeétion. 

DEINCLINERS, or Deinctininc Dials, are 
fuch as both decline and incline, or recline, at the 
fame time. Suppote, for inftance, a plane cutting the 
prime vertical circle at an angle of 30 degrees, and the 
horizontal plane at an angle of 24 degrees, the latitude: 
of the place being 52 degrees; a dial drawn on this 
plane, is called a deincliner. 

DELIACAL Probiem, a celebrated problem among 
the ancients, concerning the duplication of the cube. 

DELPHINUS, the Dolphin, a conftellation of the 
northern hemifphere ; whofe flars, in Ptolomy’s cata- 
logue, are 10; in ‘L'ycho’s the fame; in Hevelius’s 
14; and in Flainiteed’s 18. 

DEMETRIUS, a Cynic philofopher, and ifciple of 


ewperor wifhing to gain the philofopher to his interett. 
by a large prefent, he refufed it with indignation, fay- 
ing, If Cuiigula withes to bribe me, let him fend me 
his crown.  Vefpafian was difpleafed with his infos 


. lence, and banithed him to an itland. ‘The cynic de- 


rided the punifhment, and bitterly inveighed againik 
the emperor. 

DPernetrius lived to a very great age. And Seneca 
obfeives, that “ nature had brought him forth to thew. 

ankind that an exalted genius can live fecurely without 

eing corrupted by the vice of the furrounding world,” 

DEM{-Bafior, in Fortification, one that has only 
one face and one flank. 

Demi-Cannon, and Demt-Culvcrin, names of certain 
fpecies of cannon, now no longer afed. 

Dent Croft, an_inftrument wed vy the Dutch to 
take the altitude of the fun ora far at fea; inftead 
of which we ule the crofs flaff, or foreitaff. 

Demt-Gorge, is half the gorge or entrance into the 
baftion 5 not taken directly irom agile to angle, where 
the baition joins to the ‘curtin, bat from the angle of 
the flank to the centre of the baftion ; or the anyle the 
two curtins would make, were they thus protracted to 
meet in the baftion. 

Demr-Lune, or Half-moon, an outwork confifting of 
tivo faces, and two little flanks. Itis often built be+ 
fore the angle of a baition, and fometimes alfo before 
the curtin; though now it is very feldom ufed. 

DEMOCRITUS, one of the greateit philofophers 
of antiquity, was born at Abdera, a town of Thrace, 
about the 80th plympiad, or about 400 years before 
Chrift. His father, fays Valerius Maximus, was able 
to entertain the army of Xerxes 5 and Diogenes Laer- 
tius adds, upon the teftimony of Herodotus, that the 
king, in requital, prefented him with fome Magi and 
Chaldeans. From thefe, it feems, Demogritus received 
the firft part of his education ; and from them, whilft 
yet a boy, he learned theology and aftronomy. He 
next applied to Leucippus, from whom bekearnet oe 

: yftera 
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fyftem of atoms and a vacuum. His father dying, he 
and his two. brothers divided his effets. Democritus 
made choice.of that. payt which confifted in money, as 
heing, though the leaft fhare, the moft convenient for 
travelling ; and it is faid that his portion amounted to 
more than 100 talents, which is near 20 thoufand- 
pounds. fterling.. His extraordinary inclination for 
knowledge and the {ciences, induced him to travel into 
all parts of the world. where. he might find. learned 
men, He went to vifit the priefts. of Egypt, from 
whom he learned geometry: He confulted the Chal- 
dean. and Perfian philofophers: and it is-faid that 
he penetrated even into India and Ethiopia, to coufer, 
with the Gymnofophilts. In thefe travels he wafted 
his fubitance ; after which, at his return he was obliged 
for fome time to be maintained by hisbrother. Settling 
himfelf at Abdera, he there governed in the moft abfo- 
lute manner, by virtue of his confummate wifdom. The 
magiftrates of that city made hima prefent of 500 ta- 
Ients, and ereéted flatues to him, even in his Jifetime : 
but being naturally more inclined to contemplation than 
delighted with public honours and employments, he 
withdrew into folitude and retirement. 


Democritus always laughed at human life, as a con-.- 


tinued farce, which made the people think he was mad; 
on which they fent for Hippocrates to cure him; but 
that celebrated phyfician having difcourfed with the phi- 
lofopher, told the people that he had a great veneration: 
for Democritus ; and that, in his opinion, thofe who 
efteemed themfelves the moft healthy, were the -moft 
diflempered. 

It is faid, though with little probability, that Demo- 
critus put out his own eyes, that he might meditate. 
more profoundly on philofophical fubjects. He died, 
according to Diogenes Laertius, in the 361ft year be 
fore the Chriftian eva, at 109 years of age. He was 
the author of many books, which are loft ; from which 
Epicurus borrowed his philofophy. . 

DEMOIVRE (Nekatian), a celebrated mathema- 
tician, of French original, but who fpent moft of his 
life in England. He was born at Vitri in Champagne 
1667. The’revocation of the ediG& of Nantz, in 1685, 
determined him, with many others, to take fhelter in 
England ; where he perfeéted his mathematical ftudies, 
the foundation of which he had laid in his own country. 
A mediocrity of fortune obliged him to employ his ta- 
lent in this way in giving leffons, and reading public 
le@ures, for his better fupport: in the latter part of 
his life too, he chiefly fubfifted by giving anfwers to 
queftions in chances, play, annuities, &c, and it is faid 
mott of thefe refponfes were delivered at 4 Coffee-houfe 
in St. Martin’s-lane, where he {pent moit of his time. 
The Principia Mathematica of Newton, which chance 
is {aid to have thrown in his way, foon convinced De- 
moivre how little he had advanced in the feience he 
profefled. This induced him to redouble his applica~ 
tion; which was attended by a confiderable degree of 
fuccefs; and he foon became conneéted with, and ce- 
lebrated among, the firft rate mathematicians. His. 
eminence and abilities in this line, opened him an en- 
trance into the Royal Society of London, and into the: 
academies of Berlin and Paris. By the former his 
merit was fo well knewn and efteemed, that they judged 
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hima fit perfon to decide the famous contéeft between 


Newton and Leibnitz, concerning the invention of 
Fluxions. ; 

The collection of the Academy of Paris containg no 
memoir of this author, who died at London Nov. 1754, 
at 87 years of age, foon after his admiffion into it. But 
the Philofophical Tranfactions of London have feveral, 
and all of them interefting, viz, in-thé volumes 19, 20, 
22, 235 25, 24s 29, 30, 32, Aly 43. % 

He publihed "fe fone very ectable was viz, 

_ 1. Uifcellanea Analytica, de Sericbus & Quadraturis: 
&c; 1730, in 4to. -But perhaps he has been more ge- 
nerally known by his " 

2. Doérine of Chances or, Method F. Galculasing the 
Probabilities of Fvents at Play. "This work was firlt 
printed, 1718, in gto, and dedicated to Sir Ifaac New-. 
ton; it was reprinted in 1738, with great alterations 
and improvements ; anda third edition was afterwards. 
punted. 

3 Annuities on Lives ; furft printed 1724, in Svom— 
In 1742,the ingenious Thomas Simpfon (then only 
33 years of age) publifhed his Dodrine of Annuities and 
Reverfions 3 in which he paid. fome handfome compli- 
ments to our author. Notwithftanding which, De. 
moivre prefently brought out a fecond edition of his 
Annuities, in the preface to which he paffed fume harh 
reflections upon Simpfon. To thefe the latter gave a 
handfome and effectual anfwer, 1743, in An Appendix, 
containing fome Remarks on a late book on the fame fubjetiy. 
with anfwers to fome perfonal and malignant i Hoe Hie 
tions, in the preface thereof. Atthe end of this anfwer,. 
Mr. Siwpfon' concludes, « Laitly, I appeal to all man-. 
kind, whether, in: iis f pate, fF rhe, he has not dif- 
covered an alkene Lee péhaiency;: iknature and: inve-, 
teracy, tense! @ gentlema! Here: it would. 
feem the controverly dropped: Mr. Demeivre pub-. 








‘Lihed the 34-edition of his book in 1750, without any 


farther notice of, Simpfon, but omitted the offenfive’re- 
flections that had been in the preface. 

DEMONS'TRATION, a certain or convincing 
proof of fome propofition : fuch as the demonftrations. 
of the propofitions in Euclid’s Elements. 

The method of demonttrating in mathematics, is 
the fame with that of drawing conclufions from princi- 
ples in logic. Indeed, the demonttrations of mathema- 
ticians are no other than feries of enthymemes ; every 
thing is concluded by force of fyllogifm, only omitting, 
the premifes, which either occur of their own accord, 
or are recollected by means of quotations. 

DENDROMETER, an initrument lately invented. 
by Meffrs Duncombe and Whittel; fo called, from its. 
ufe in meafuring trees. 

DENEB, aa Arabic term, fignifying tail; ufed by 
aftronomers as a name to fome of the fixed flars, but 
efpecially for the bright ftar in the Lian’s tail. 

DENOMINATOR, ofa fradion, is the number or 
quantity placed below the linc, which fhews the whole 
integer, or into how many parts the integer is fup- 
pofed to be divided by the fraction ; as that which gives: 
denomination or. name to. the parts of. the fraction. 
Thus, in the fraGtion,§,. five-twelfths, the number 12 
is the denominator, and fhews that the integer is here 
divided into 12 parts, or that it confifls of 12 of thofe 

parts. 


DEN. 
parts of which the numerator contains 5. Alfo } is 


the denominator of the fraction - 

Dsnomina ror of a ratio, is the quotient arifing from 
the divifion of the antecedent by the confequent. Thus, 
6 is the denominator of the ratio 30 to 5, becaufe 30 
divided by 5 gives 6. It is otherwife called the expo- 
nent of the ratio. 

DENSITY, that property of bodies, by which they 
contain a ‘certain quantity of matter, under a certain 
bulk or magnitude. Accordingly a body that con- 
tains more matter than another, under the fame bulk, 
is faid to be denfer than the other, and that in propor- 
tion to the quantity of matter; or if the quantity of 
matter be the fame, but under a lefs bulk, it is faid to 
be denfer, and fo much the more fo as the bulk is lefs. 
So that, in general, the denfity is dire@tly proportional 
to the mafs or quantity of matter, and reciprocally or 
inverfely proportional to the bulk or magnitude under 
which it is contained. 

The quantitics of matter in bodies, or at leaft the 
proportions of them, are known by their gravity or 
weight ; every equal particle of matter being endowed 
with an equal gravity, it is inferred that equal maffes or 
quantities of matter have an equal weight or gravity 5 
and unequal maffes have proportionally unequal weights. 
So that, when body, or mafs, or quantity of matter is 
{poken of, we are to underftand their weight or gra- 
vity. 

__. From the foregoing general proportion of the denfity 
of bodies, viz, that it is as the mafs dire€tly, and as the 
bulk inverfely, may be inferred the proportion of the 
maffes, or of the magnitudes ; viz, that the mafs or 
quantity of matter, is in the compound ratio of the 
bulk and denfity ; and that the bulk or magnitude, is 
as the mafs direétly, and the denfity inverfely. Hence, 
if B, 6 be two bodies, or maffes, or weights 5 

and D, d their refpeétive denfities ; 
alfo M, m their magnitudes, or bulks: 
‘Then the theorems above are thus expreffed, 


viz, D x 2, and B x DM, andMax 








M Dp: 

oD: dt 55 22, and Bb: DM dm, &e; 
D_ Ba, B_DM 4M _ Bd 
OF aM Be in ED 


No body is abfolutely or perfeétly denfe ; or no fpace 
is perfectly full of matter, fo as to have no vacuity or 
interftices ; on the contrary, it is the opinion of Newton, 
that even the denfeft bodies, as gold &c, contain but a 
fmal] portion of matter, and a very great portion of va- 
cuity ; or that it contains a great deal more of pores or 
empty fpace, than of real fubltance. 

It has been obferved above, that the relative denfity 
of bodies may be known by their weight or gravity 5 
and hence the moft general way of knowing thofe den- 
fities, is by a€tually weighing an equal bulk or magni- 
tude of the bodies, whether folid or fluid ; if folid, by 
fhaping them to the fame figure and dimenfions ; if 
fluid, by filling the fame veffel with them, and weigh- 
ing it. 

Bor fluids, there are alfo other methods of finding 
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their denfity :'as 1f, by making an a nage between 
them in tubes that communicate; for, the’ diameters 
of the tubes being equal, and the weights or quantities 
of matter alfo equal, the denfities will be inverfely as 
the altitudes of the liquidsin them, that is inverfely as 
the bulk. : 

2dly, The denfities of fitiids are alfo compared to- 
gether by immerging a folid in them ; for if the folid 
be lighter than the liquids, the part immerged by its 
own weight, will be inverfely as the denfity of the fluid; 
or if it be heavier, and fink in the liquids, by weighing 
it in them; then the weights loft by the body will be 
dire@ly proportional to the denfities of the fluids. 

Density of the ir, is a property that has much em- 
ployed the later philofophers, fince the difcovery of the 
"Torricellian experiment, and the air-pump. By means 
of the barometer it isdemonttrated that the air is of the 
fame denfity at all places at the fame diftance from the 
level of the fea; provided the temperature, or degree 
of heat, be the fame. Alfo the denfity of the air al- 
ways increafes in proportion to the compreffion, or the 
compreffing forces. And hence the lower parts of the 
atmofphere are always denfer than the upper: yet the 
denfity of the lower air is not exactly proportional to 
the weight of the atmofphere, by reafon of heat and cold, 
which make contiderable alterations as to rarity and 
denfity ; fo that the barometer meafures the elatticity 
of the air, rather than its denfity. If the height of the 
barometer be confidered as the meafure both of the 
denfity and elafticity of the air, when the thermometer 
is at 31°, and d be any other height of the barometer, 
when the thermometer is at ¢ degrees ; then in this cafe, 
4 is the meafure of the clafticity, 


and oe is the meafure of the denfity of the air. 
ad 

NSITY of the Planets. In homogeneous, unequal, 
bodies, the gravities on their furfaces, are as 
eters when the denfities are cqual, or the gra- 
vitics 3 the deafities when the bulks are equal ; 
therefore, in {pleres of unequal magnitude and denfity, 
the gravity is in the compound ratio of the diameters 
and denfities, or the denfities are as the gravities divided 
by the diameters. Knowing therefore the diameters of 
the planets by obfervation and comparifon, and the gra- 
vities at their furface by means of the revolution of the 
fatellites, the rclation of their denfities becomes known, 
And as I have found the mean denfity of the earth to be 
about 4! times that of water, Philof. Tranf. 17783 
hence the denfities of the planets, with refpe& to water, 
become known, and are as below: 







Denfities. 
Water - - J 4 
The Sun - - ley 
Mercury - - Of 
Venus - - gtk 
The Earth - - 4i 
Mars - - 34 
The Moon - - Bir 
Jupiter - - Tale 
Saturn a - 03d 
Georgian Planet . orgs 


Asit is not likely that any of thefe bodies are homo« 
geneal, 


DEP 
geaeal, the denfities here determined are fappofed to be 
the mean denfities, or fuch as the bodies would have if 
they were homogeneal, and of the fame mafs of matter 
and magnitude. 3 

DENTICLES, or Dewrits, are ornaments in a 
cornice, cut after the manner of teeth. Thefe are matt- 
ly affeted in the Ionic and Corinthian orders; and of 
late alfo in the Doric. The {quare member on which 
they are cut, is called the Denticule. - 

DEPARTURE, in Navigation, is theeafting orwett- 
ing of a ship, with regard to the meridian the departed or 
faked from. Or, it 13 the difference in longitude, either 
eaft or weft, between the prefent meridian the fhip is 
under, and that where the laft reckoning or obfervation 
was made. This departure, any where but under the 
equator, muft be accounted according to the number 
ot miles in a degree proper to the parallel the thip 
is in. 

The Departure, in Plane and Mercator’s Sailing, is 
always reprefented by the bafe of a right-angled plane 
triangle, where the courfe is the angle oppofite to it, and 
the diitance failed is the hypothenufe, the perpendicu- 
lar or other leg being the difference of latitude. And 
then the theorem for finding it, is always this: As ra- 
“dius is to the fine of the courfe, fo is the diftance failed, 
to the departure fought. 


DEPRESSION of the Pole. So many degrees &c 
as you fail or travel from the pole towards the equa- 
tor, fo many it is faid you deprefs the pole, becaufe it 
becomes fo much lower, or nearer the horizon. . 


Depression of a Star, or of the Suny is its diftance 
below the horizon ; and is meafured by an are of a ver- 
tical circle, intercepted between the horizon and the 
place of the ftar. 


Derression of the Vifible Horizon, or Dip of the 
Horiton, denotes its finking or dipping below the true 
horizontal plane, by the obferver’s eye being raifed 
above the furface of the fea; in confequence of which, 
the obferved altitude of an objes is by fo much too 
great. 


Thus, the eye being at E, 
the height AE above the furface 
of the earth, whofe centre is C; 
then EH is the real horizon, and 
E+ the vifible one, helow the for- 
mer by the angle HEA, by reafon 
of the elevation AE of the eye, 





To compute the Depreffion or Dip of the Horizon. 


In the right-angled triangle CEA, are given Ch the 
earth’s radius == 21000000 feet, and the hypothenufe 
CE = the radius increafed by the height AE of the 
eye; to find the angle C which is = the angle HEA, or 
depreffion fought ; 
viz, as Ch : CE:: fe. <C, 

or asCE: Ch ;:: colin, <2 C. 

By either of thefe theorems are computed the num- 
bersin the following table, which fhews the depreffion 
ot dip of the horizon of the fea for diferent heights of 
the eye, from x foot to 100 feet. 


radius : 
radius : 
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Height] Dip of !'Height| Dip of jfedeight| Dip of 
ofthe} the |iofthe| the flofthe| the 
sy¢ j horizon ‘| eye | horizon eye |horizon 
feet eae ih feet ea || ger | 7 7 | 
§ |057 | 13 1 3 26 |] 26 14 sat 
2 j rar) iq | 334] 28 15 3 
3 $139!) ts | 3 42 |] 30°) 5 14 
4 | t55 7 161 3 49 |] 35 1 5 39 
5 2 Si 17 | 356) 4016 3 
6 p220! 131 473 |) 45 16 24 
7 [2315/19 | 4 10) $0 | 6 44 
8 }2 42 | 20 | 4 16 || 60 | 7 23 
9 | 2521 28 | 4 22 |i 70 |e 59 
to] 3 1 |} 22 | 4 28 Bo | 3 32 
11 [3 10 )/ 23 | 4 34 |! 99 | 9 3]. 
ra} 3 18 |! 24 La 40 |[100 | 9 33 
oman EY 2H 4 40 1100 | 9 33 | 


See Robertfon’s Navigation, 
Tables requifite to be ufed with the Nautical Epheme- 
ris, pa. i. See alfo LEvELLING. 7 

DEPTH, the oppofite of Height, and one of the dis 
mentions of bodies, or of fpace. See Heient, Arti- 
tube, Evevation, &c. 

DERHAM (Doétor Witttam), an eminent Eng. 
lih philofopher and divine, was born at Stowton, near 
Worcefter, 1657, and educated in Trinity College, Ox- 
ford. In 1682, he was prefented to the vicarage of 
Wargrave in Berkthire ; and, in 1689, to the valuable 
reGtory of Upminfter in Effex ; which, lying at a con- 
venient diftance from London, afforded him an oppor- 
tunity of converfing and correfponding with the princi- 
pal lterary geniufes of the nation, Applying himfelf 
there with great eagernefs to the purfuit of his ftudies 
in natural and experimental philofophy, he foon became 
a diltinguithed and ufeful member of the Royal Society, 
whofe Philofophical T'ranfactioas contain a great variet 
of curious and valuable pieces, the fruits of his laudable 
induttry, in all or moft of the volumes, from the 20th 
to the 39th, both inclutive ; the principal of which are: 

1, Experiments on the Motion of Peadulums in 
‘vacuo. 

2. A Defcription of an inflrument. for 
Meridian, 

3+ Experiments and Obfervations on the Motion of 
Sound. ; 

4. On the Migration of Birds. 

§- Hiltory of the Spots in the Sun, from 1703 ta 
1701, 

6. Obfervations on the Northern Lights, OS. 8, 
1726, and O&. 13, 1728. ‘ 

7. Tables of the Eclipfes of Jupiter’s Satellites. 

8. The differeace of ‘Lime in the meridian of different 
places. ‘ 7 

9. Of the meteor called Ipnis Fatuus. 

10, The Hittory of the Death Watch, 

11. Meteorological Diaries for feveral years. 

In his younger days he publithed his Artificial Clocke 
maker, a very ufeful little work, that has gone through 
feveral editions. In 1711, 1712, 1714, he preached 
thofe fermons at Boyle’s le&ture, which he afterward 
igetted under the well-known titles of Phyfico-Theology 
and--Affro-Theo'ogy, or Demonttrations of the being and 

attributes 


book 9 appendix ; and 
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attributes of God, from his works of creat: 
vey of the heavens. . : ‘ 
In 1716 he was miade a canon of Windfor, being 
“at that time chaplain to the Prince of Wales; and in 
173 received, from the univerfity of Oxford, the degree 
of Do@or of Divinity. He reviled the Mifcellanea Cu- 
. riofa, in 3 vols 8vo, containing many curious papers of 
Dr. Halley and feveral other ingenious philofophers. 
To him alfo the world is indebted for the publication of 
‘the Philofophical Experiments of the late eminent Dr. 
Hooke, and other ingenious men of his time ; as well - 
as notes and illuftrations of feveral other works. ; 
Dr. Derham was very well fkilled in medical as well : 
asin pbyfical knowledge ; and was conftantly a phyfi- 
cian to the bodies as wellas the fouls of his parifbioners. 
‘This great and good man, after {pending his life in the 
moft agreeable and improving ftudy of nature, and the 
zent and pious difcharge of his duty, died at Up- 


ion, anda fur- 


dilig 

" minfler in 1735, at 78 years of age. 

, DESAGULIERS (Joun eye 2 an emi-t 
nent experimental philofopher, was the fon of the Rev. 

_ John Defaguliers, a French Proteftant refugee, and born 
at Rochelle in 1683. His father brought him to Eng-, 
land an mfant ; and having taught him the claffics him-. 
felf, he fent him at a proper age to Chrift-church Col- 
‘Jege, Oxford ; where in 1702 he fucceeded Dr. Keil in” 

- peading leétwres on experimental philofophy at Hart. 

- Hall. In 1712 he married, and fettled in London, when 
he firft of any introduced the reading of leGtures in ex-; 
“perimental philofophy in the metropolis, which he con-.. 

tinued during the reft of his life with the greateft ap-; 
jlaufe, having feveral times the honour of reading his; 
eGtures before the king and royal family. - In 1714 he, 
was elected F. R. S. and proved a very ufeful member, 
as appears from the great number of his papers that are: 
printed in their Philof. Tranf. on the fubjects of optics, ,; 

mechanics, and meteorology. The magnificent duke , 
‘of Chandos made Dr. Defaguliers his chaplain, and pre-., 
fented lium to the living oF Edgware, near his feat at,i 

. Cannons ; and he becameafterward chaplain to Frederick, 
prince of Wales, In the latter part of his life, he re- 

“ moved to lodgings over the Great Piazza in Covent,, 

Garden, where he carried on his letures with great fuc- 
cefs till the time of his death in 1749, at 66 years of7 
age. . = ‘ 
Oete was a member of feveral foreign academies, and: 
. eorrefponding member of the Royal Academy of 
Sciences at Paris ; from which academy he obtained the*.~ 
prize, propofed by them for the beft account of electri- 
city. He communicated a multitude of curious and va- 
luable papers to the Royal Society, for the year 1714 to” 
1743, or from vol. 29 to vol. 42. 
Befide thofe nunicrous commaunications, he publithed 

_a valuable Courfe of Experimental Philofophy, 1734, in. 
2 large vols. 4to ; and gave an edition of Gregory’s Ele- 
ments of Catoptrics and Dioptrics, with an Appendix on 
Reflecting T'elefcopes, 8vo, 1735. ‘This appendix con- 
‘tains fome Original Letters that pafled between Sir 

. Ifaac Newton and Mr. James Gregory, relating to thofe-- 

 telefcopes, : ee 

‘DESCENDING, 2 going or moving from above, ©. 
downwards. . 

There are afcending and defeendiag ftars, and afcends.: 
ing and defcending degrees, &c, ye 


t 
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‘its return from the nodes to the equator. 


DES. 
-Descennine Latitude, is the latitude of a planet in 
DESCENSION, in Aftro: 
oblique. ; 
Right Descenston is a point, or arch, of the equa- 
tor, which defcends with a ftar, or fign, below the hori- 
zon, in a right [phere, and 
Oblique Descension 38 a point, or arch, of the equa- 
tor, which defcends at the fame time with a ftar, or 
fign, below the horizon, in an oblique {phere. 
Defcenfions, both right and oblique, are counted 
from the firft point of Aries, or the vernal interfeCtion, 
according to- the order of the figns, i. e. from welt to 
eaft. And, as they are unequal, when it happens that - 
they anfwer to equal arcs of the ecliptic, as for example 
to the 12 figns of the zodiac, it follows, that fometimes 
A greater pat of the equator rifes or defcends with a 
fign, in which cafe the fign is faid to afcend or defcend ~ 
rightly: and fometimes again, a lefs part of the equator 
tikes or fets with the fame fign, in which cafe it is 
faid to afcend or defcend obliquely. See Ascen- 
SION. 
Refra&ion of the Descension. See Rerraction. : 
ESCENSIONAL Difference, is the difference between, 
the right and oblique defcenfion of the fame ftar, or. 
point of the heavens. saa 
Descent, or Fall, in mechanics, &c,:is the motion, 
or tendency, of a body towards the centre of the earth, 
either directly or obliquely. ¢ / ; : 
+The defcent of bodies may be confidered cither as” 
freely, like as in a vacuum, or as clogged or refifted by’ 
fome external force, as an. oppofing body, or a fluid 
medium, &c. : Paral a i 
ait, If the body & defcend freely, and perpendicular. =’ 
ly, by the force of gravity ; then the motive force arg- 
ing it downwards, is equal to its whole weight 5; and 
the quantity of matter being 4 alfo, the accelerative™ 


momy, is either right, or 


force will be 73 


cadly, If the body 4 defcending, be oppofed by fome ” 
mechanical power, fuppofe a wedge or inclined plane, 
that is, inftcad of puriuing the perpendicular hne of 
gravity, it is made to defcend in a floping direétion . 
down the inclined plane; then if the fine of the angle 
the plane makes with the horizon be s, to the radius 1, : 
the moti force urging the body down the plane will. 


bests Tha therefore the accelerative force ft ores. 


\ 6 
svktchets Jefs than in the former cafe in the proportion 
of st It ; 

_gdlyqif'a medium, a body fufpemded lofes as much 
of its weight, as is the weight of a like bulk of the . 
medium; and when defcending, it lofes the fame, be- 
fide the obftruction arifing from the cohefion of the 
parts of the medium, and the oppofing force of the 
particles ftruck, which laft produces a greater or lefs 
refiftance, according to the velocity of the motion, But, 
the weight of the body being 4, and that of a like bulk’ 
of the fluid medium m, the motive force urging the 
body to defcend, is only b—mm; that is, the body only” 
falls by the excefs of its weight above that of an equal 
bulk of the medium. 

Hence, the power 





that fulains a body in a medium, 
4 . 


Fees 
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ts equal to the excefs of the abfolute weight of the body 
above an equal bulk of the medium, ‘T'hus, a piece of 
copper weighing 474b, lofes 531b of its weight in 
water: and therefore a power of 42]b will fuitain it 
in the water. : aS 
4thly, If two bodies have the fame fpecific gravity, 
the lefs the bulk of the defcending body is, the more 
of its gravity does it lofe, and the flower does it de» 
{cend, in the fame medium. For, though the propor 
tion of the fpecific gravity of the body to that of the 
fluid be ftill the fame, whether the bulk be greater or 
lefs, yet the {maller the body, the more the lurface is, 
‘in proportion to the mafs; and the more the furface, 
the more the refiftance of the parts of the fluid, in 
proportion. : : : : 
_ sthly, If the fpecific gravities of two bodies be dif- 
ferent ; that which has the greateft fpecific gravity will 
defcend with greater velocity in the air, or refifting me- 
dium, than the other body. Thus, a ball of lead de 
feends {wifter than wood or cork, becaufe it lofes lefs 
of its weight, though in a vacuum they both fall equally 
~ fwift. os ; : 
- The caufe of this defcent, or tendency downwards, 
has been greatly controverted. ‘T'wo oppolite hypothefes 
have been advanced ; the one, that it proceeds from an 
internal principle, and the other from an external one’s 
the firft is maintained by the Peripatetics, Epicureans, 
and the Newtonians; and the latter by the Cartefians 
* and Gaffendifts, See alfo AcceLeration. 
‘ * 


Laws of Dsscenr of Bodies. , i 


i 

it, Heavy bodies, in an unrefifting medium, fall with 
an uniformly accelerated motion. For, it is the nature 
of all cofiftant and uniform forces, fuch as that of gra- 
vity at the fame diftance from the centre of the earth, to 
generate or produce equal additions of velocity in equal 
times. -. So that, if in one fecond of time there be pro- 
duced 1 degree of velocity, in 2 feconds there will be 
2 degrees of velocity, in 3 feconds 3 degrees, and fo ony 
the degree or quantity of velocity being always propor- 
tional to the length of the time. : x 


and, The {pace defcended by an uniform gravity, in . 


; any time, is juft the_half of the fpace that might be 
uniformly defcribed in the fame time by the laft velocity 


acquired at the end of that time, if uniformly continued, : 


For, as the velocity increafes uniformly in an arithme 
tic progreffion, the whole fpace defcended by. the va- 
riable velocity, will be aged to the {pace that would 
be defcribed with the middle velocity uniformly cons 
tinued forthe fame time; and this again will be only 
half the {pace that would be defcribed with the lait 
velocity, alfo uniformly continued for the fame time, 
becaufe the lait velocity is double of the middle velocity; 
being produced in a double time. ac : 

_3d, The fpaces defcended by dn uniform gravity, in 
different tiraes, are proportional to the {quares of the 
times, or to the fquares of the velocities. For the 
whole fpace defcended in any number of particles of 
time, confifts of the fums of all the particular fpaces, 
or velocities, which are in arithmetical progreffion ; but 
the fum of fuch an arithmetical progreffion, beginning 
at o, and having the laft term and the number of 
terms the fame quantity, is equal to half the fquare 
of ie seem or of the number of.terms ; therefore 
- Vou le . 
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the whole fums are as the {quares of the times, or of the. 
velocities. Sys ue ; 

This theory of the defcents by gravity was firft 
difcovered and taught by Galileo, who afterwards con- 
firmed the fame by experiments; which have often 
been repeated in various ways by many other perfone 
fince his time, as Grimaldi, Riccioli, Huygens, Newton, 
and many others, all confirming the fame laws. 

The experiments of Grimaldi and Riccioli were made 
by dropping a number of balls, of half a pound weight, 
from the tops of feveral towers, and meafuring the times 
of falling by a pendulum. Ricciol. Almag. Nov, tom. 

x lib. 2, cap. 21, prop. 4. An abftraét of their expe- 
riments is exhibited here below: . . ‘ 
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ut'The fpace defcended by a heavy body in any given 
time, beag determined by pete in fufliciest, in 
conneétion with the preceding theorems, for determin- 
ing every inquisy concerning the times, velocities, and 
fpaces defcended, depending on an uniform force oF 
Seite . From many accurate experiments made in 

ngland, it has been found that a heavy body defcends, 
freely through 16 feet 1 inch, or 167, feet, in the firt 
fecond of time ; and confequently, by theorem 2, the 
velocity gained at the end of 1 fecond, is 327 feet per 
fecond. Hence, by the fame, and theorem 3, the ve- 
locity gained in any other time ¢ is 323¢, and the {pace 
defcended is 16,3,#2. So that, if v denote the velocity, 
and s the fpace due to the time #, and there be put 
g = 16743 then : 


isos 





7’ The experiments with pendulums give alfo the fame 
{pace for the defcent of a heavy body ina fecond of . 
time. ‘Thus, in the latitude of London, it is found by 
experiment, that the length of a pendulum vibrating 
feconds is jut 394 inches ; and it being known that the 
circumference of a circle js to its diameter, asthe time 
of one vibration of any pendulum, is to the time ig 
which a heavy body will fall through half the length of 
the pendulum ; ‘therefore as 3°1416: 1231.2 + ra 
: : "1416. 
which is the time of defcending through 19.4% sehen, or 
3B coo & half 





DET 
half the ktpgth of the pendulum ; then, Jpaces being 
: oa 
as the fquares of the times, as Qae’ w%r: 193% ¢ 
193 inches, or 16 feet 1 inch, which therefore is the 
{pace a heavy body will defcend through in one fecond 5 
the verpfame as before. 

4th, For any other conttant force, inftead of the per- 
pendicular free defcent by gravity, find by experiment, 
or otherwife, the fpace defcended in one fecond by that 
force, and fubftitute that inftead of 16, for the value 
of g in thefe formule : or, if the proportion of the 
force to the force of gravity be known, let the value of 

be altered in the fame proportion, and the fame for- 
mule will ftill hold good. So, if the defcent be on an 
inclined planc, making, for inftance, an angle of 30° 
with the horizon; then, the force of defcent upon the 
plane being always as the fine of the angle it makes 
with the horizon, in the prefent cafe it will be as the 
fine of 30°, that is, as 3 the radius; therefore in this 
cafe the value of g will be but half the former, 82',, in 
al! the foregoing formule. 

Or, if one body defcending perpendicularly draw ano- 
ther after it, by means of a cord fliding over a pulley ; 
then it will be, as the fum of the two bodies is to the 
defeending body, fo is 16y'x to the valve of g in this 
cafe; which value of it being ufed in the faid, for- 
mula, they will ftill hold good. And in like man- 
ner for any other conftant forces whatever. 

sth, ‘The time of the oblique defcent down any chord 
of a circle, drawn either from the uppermoft point or 
lowermoft point of the circle, is equal to the perpendi- 
cular defcent through the diameter af the circle. 

6th. The defcent, or vibration, through all arcs of 
the fame cycloid are equal, whether, great or {mall. 

qth, But the defcent, or vibration, through unequal 
arcs of a circle, are unequal ; the times being greater in 
the greater arcs, and lefg in the Iefs. ; 

8th, For Defcents by Forces that are variable, fee 
Forces, &c. See alfo IncrineD Piane, Cyciow, 
Penputum, &c. 

Line of Swifte# Descent, js that which a body, 
falling by the aétion of gravity, deferibes in the fhorteft 
time poffible, from one given point to another. And 
this line, tt is proved by philofophers, isthe arc-of a cy- 
cloid, when the one point is not perpendicularly over 
the other. See Cycroip. 

DESCRIBENT, a term in Geometry, fignifying a 
line or fuperficies, by the motion of whicha fuperfi- 
cies or folid is deferibed. 

DETENTS, inaclock, are thofe ftops which, by 
being lifted up or let down, lock and unlock the clock 
in flriking. 

Derent-Wheel, or Hoor-Wheel, that wheel in 2 
clock which has a hoop almoft round it, in which there 
isa vacancy, where the clock locks. 

DETERMINATE Number. See Numper, 

DereRMinaTe Problem, is that which has but one 
folution, or a certain limited number of folutions ; in 
contradiftinction to an indeterminate problem, which 
admits of infinite folutions. 

Such, for inftance, is the problem, To form an 
Hofceles triangle on a given line, fo that each of the 
angles at the bafe fhall be double of that at the ver= 
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tex; which has only one folution: or this, To find an 
ifofceles triangle whofe area and perimeter are given 5 
which admits of two folutions. s 

DeETERMINATE Seffion, the name of a Traé&, or Gene- 
ral Problem, written by the ancieat geometrician Apol- 
Jonius. None of this work has come down to us, ex- 
cepting fome extracts and an account of it by Pappus; 
in the preface tothe 7th book of his Mathematical 
Colie@iions. He ther vs that the general problem 
was, “To cut an infinite right lime in one paint fo, 
that,.of the fegments contained between the point of 
feGion fought, and given points in the faid line, either 
the fquare on one of them, or the re@tangle contained 
by two of them, may have a given ratio, either to the 
rectangle contained by one of them and a given line, 
or to the reétangle contained by two of them.” 

Pappus farther informs us, that this.’Tyact of Apol- 
lonius was divided into two books; that the firft book 
contained 6 problems, and the fvcord 3; that the 6 
problems of the firft book contained 16 epitagmas, or 
cafes, refpecting the difpofitions of the points ; and the 
fecond book 9. Farther, that of the epitagmas of the 
6 prablems of the firit book, 4 were maxima, and 
one a miniinum: that the maxima are at the 2d epi- 
tagma of the 2d problem, at the 3d of the ‘4th, the 3d 
of the sth, and the 3d of the 6th; but that the mini- 
mum was at the 3d epitagma of the 3d problem. Alfo, 
that the fecond book contained three determinations ; 
of which the 3d epitagma of the 1/t problem, and the 
3d of the 2d were minima, and the gd of the 3da 
maximum. Moreover, that the firft book had 27 Jem- 
mas, and the fecond book 245 and laitly, that both. 
Books contained 83 theorems. , 

From fuch account of the contents of thts ‘Tract,. 
and the lemmas alfo given by Pappus, feveral perfons 
have attempted to reftore, or recompofe what they 
thought might be nearly the form of Apollonius’s tract, 
or the fubject of each problem, cafe, determination, &cs 
among. whom are, Snellius, an eminent Dutch mathe- 
matician of the laft century; a tranflation of whofe 
work was publifhed in Englifh by Mr. John Lawfon, in 
4772, together with a-new reltoration of the whole 
work by his friend Mr. William Wales. 

DEW, a thin light infenfible mift, or rain, afcend- 

sing with a flow motion, and fallimg while the fun is 
below the horizon. 

To us it appears to differ from rain, as lefs from 
more. Its origin and matter are doubtlefs from the va- 
pours.and exhalations that rife from the earth and wa- 
ter.. See Exuauation. Some define it a vapour li- 
quefied, and let fall in drops. M. Huet, in one of his 
letters, fhews that dew does. not. fall, but rifes; and 
others have adopted the fame opinion. 

M. du Fay made feveral experiments, firft with glaffes,. 
then with pieces of cloth itretched horizontally at dif- 
ferent heights; and he found that the lower bodies, 
with their under furfaces, were wetted before thofe that 
were placed higher, or their upper furfaces. And Du 
Fay and Mufehenbrock both found, that different fub- 
ftances, and even different colours, receive the dew dif- 
ferently, and fome little or not at all, 

From the principles laid down under the article Eva- 
PoRATION, the feveral phenomena of dews are eafily 
accounted for. Such as, for inflance, that dews are 
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more copious in:the {pring, than ia the other feafons 
-of the year ; there being then a greater ftock of vappur 
in readinefs, than at other times, by reafon of the 
{mall expence of it in the winter’s cold and froit. Hence 
it is too, that Egypt, and fome other hot countries, 
abound with dews throughout all the heats of fummer; 
for the air there being too hot to.conttipate the vapours 
in the day-time, they never gather into clouds; and 
hence they kave ro rain: but in climates that are ex- 
ceflively hot, the nights are remarkably cold ; fo that 
the vapours raifed after fin-fet, are readily condenfed 
into dews. 

It is natural to.conchude, from the different fubftances 
which are combined with dew, that it muft be either fa- 
lutary or injurtous, both to plants aad animals. 

tis not eafy to afcertain the quantity of dew that 
rifes every night, or in the whole year, becaufe of the 
winds which difperte it, the rains which carry it down, 
and other inconveniences: but it is known that it rifes 
in greater abundance after rain than after dry weather, 
and in warm countries than in cold ones. There are 
fome places in which dew is obferved only to afcend, 
and not to fall; and others again in which it is carried 
upwards in greater plenty than downwards, being dif- 
perfed by the winds, 
_ Dr. Hales made fome experiments, to determine the 
quantity of dew that falls in the night. For this pur- 
pofe, on the 15th of Auguft, at 7 in the evening, he 
filled two glazed-earthen pans with moift earth; the 
dimenfions of the pans being, 3 inchesdecp, and 12 
inches diameter: and he obferves, that the moifter the 
earth, the more dew falls on it in a night; and that 
more than a double quantity of dew falls on a furface 
of water, than on-an equal furface of moift earth. Thefe 
pans increafed in weight by the night’s dew, 180 grainss 
and decreafed in weight by the evaporation of the day, 
10% 282grs: fo that 540 grains more are evaporated 
from the earth every 24 hours in fummer, than the dew 
that falls in the night; ie. in 21 days near 26 ounces 
from a circular area of a foot diameter. Now if 180 
grains of dew, falling in one night on fuch an area, which 
is equal to 113 fquare inches, be equally fpread on the 
furface, its depth will be the 1ggth part of aa inch. He 
likewife found that the depth of dew in a winter’s night 
was the goth part of an inch. If therefore we allow 
159 nights for the extent of the fummer’s dew, it will 
in that time amount to one inch in depth ; and reckon- 
ing the remaining 206 nights for the extent of the win- 
ter’s dew, it will produce 2:28%inches depth ; and the 
dew of the whole year will amount to 3°28 inches depth, 
But the quantity which evaporated in a fair fummer’s 
day from the fame furface, being t oz and 282 grs, gives 
he goth part of an inch deep for evaporation, which is 
4 times as much as fell at night. Dr, Hales obferves 
that the evaporation of a winter’s day is nearly the fame 
as ina fummer’s day ; the earth’s greater moifture in 
winter compenfating for the fun’s greater heat in fum- 
mer. Hales’s Vegetable Statics, vol, 1, pa. 52 of 4th 
adit. See Evarorarion. : 

Signor Beccaria made feveral experiments to’ demon- 
flrate the exiftence of the eleétricity that is produced 
by dew. He obferves in general, that fuch eleGtricity 
took place in clear and dry weather, during which no 
trong wind prevailed; and that it depends on the 
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quantity of the dew, as the eledtricity of the rain de- 
pends on the quantity ofthe raif. He fometimes found 
that it began before fun-fet ; at other times not till 
x1 o'clock at night. Artificial Eledricity, Appendix, 
letter 3. 

DE WIT (Joun), the famous Dutch penfionary, 
was born at Dort, in 1625; where he profecuted his 
ftudies fo diligently, that at 23 years of age, he pub- 
lihed Elementa Curvarum Linearum, one of the deepeft 
books in mathematics at that time. After taking his 
degrees, and travelling, he, in 1650, became penfionary 
of Dort, and diftinguifhed himfelf very early in the ma- 
nagement of public affairs, which foon after raifed him 
to the rank of penfionary of Holland. After render- 
‘ing the greateft benefits to his country in many import- 
ant inftances, and ferving it in feveral high capacities, 
with the greateft ability, diligence, and integrity, by 
fome intrigues of the court, it is faid, he and his brother 
were thrown into prifon, from whence they were drag- 

ed by the mob, and butchered with the moft cruel and 
lavage barbarity. ‘ 

DIACAUSTIC Curve, or the igh by Refradion, 
is a {pecies of cauftic curves, the genefis of which is in 
the following manner. Imagine an infinite number of 
rays BA, BM, BD, &c, iffuing from. the fame lumi- 
nous point B, refracted to or from the perpendicular 
MC, by the given curve AMD  ; and fo, that CE the 
fines of the angles of incidence CME, be always to 
CG the fines of the refraéted angles CMG, in a given 
ratio: then the curve HFN that touches all the refrac- 
ted rays AH, MF, DN, &c, is called the Diacauttic, 
or Cauftic by Refraction. 





DIACOUSTICS, or Diarxonics, the confidera 
tion of the properties of found refraéted in pafling 
through different mediums; that is, out of a denfer 
into a more fubtile, or out of a more fubtile ihto a 
denfer medium. See Sounp. 

DIADROME, aterm fometimes ufed for the vibra- 
tion, motion, or fwing of a pendulum. 

DIAGONAL, is a right line drawn acrofs a figure, 
from ore angle to anothey ; and is fometimes called a 
diameter. It is ufed chiefly in quadrilateral figures, 
viz, in parallelograms and trapeziums. 

1. Every diagonal, as AC, di- 
vides 2 parallelogram into two 
equal parts or triangles ABC, 
ADC. 

2. Two diagonals, AC, BD, 
drawn in a parallelogram, do mu- 
tually bife&t each other ; as in the point E, 
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g. Any; line, as FG, drawn through the middle of 
the diagonal of a parallelogram, is bifeéted by it at the 
point E; and it divides the parallelogram into two 
equal parts, BFGC and AFGD. : 

4. The diagonal of a fquare is incommenfurable with 
its lide. 

g. In any parallelogram, the fum of the {quares of 
the four fides is equal to the fum of the fquares of the 
two diagonals. 

6. In any trapezium, the fum of the fquares of the 
four fides is equal to the fum of the fquares of 
the two diagonals together with 4 times the fquare of 
the diftance between the middle points of the diagonals. 

7. In any trapezium, the fum of the {quares of the 
two diagonals is double the fum of the f{quares of 
two lines bifecting the two pairs of oppolite fides. 

8. In any quadrilateral inferibed in a circle, the 
re€tangle of the two diagonals is equal to the fum of 
the two reGtangles under the two pairs of oppofite 
fides. 

~ Diaconar Scale. See Scares. 

DIAGRAM, is a fcheme for the explanation or de- 
monftration of any figure, or of its properties. 

DIAL, or Sun-D1at, an inftrument for meafuring 
time by means of the fun’s fhadow. Or, it is a draught 
or defcription of certain lines on the furface of a body, 
fo that the fhadow of a yle, or ray of the fun through 
a hole, fhould touch certain marks at certain hours, 

Sun-Dials are doubtlefs of great antiquity. But the 
firt upon record is, it feems, the dial of Ahaz, who 
began to reign 400 years before Alexander, and within 
12 years of the Building of Rome: it is mentioned in 
Haiah, chap. 38, ver. 8. 

Several of the antients are {poken of, as makers of 
dials ; as Anaximenes. Milefius, Thales. Vitruvius men- 
tions one made by the ancient Chaldee hiftorian Be- 
rofus, on a reclining plane, almoft parallel to the equa- 
tor. Ariftarchus Samius invented the hemifpherical dial. 
And there were at the fame time fome {pherical ones, 
with aneedle fora gnomon. The difcus of Ariflarchus 
was an horizontal dial, with its rim raifed up all around, 
to prevent the fhadow from ftretching too far. 

It was late before the Romans became acquainted 
with dials. The firfl fun-dial at Rome was {et up by 
Papyrius Curfor, about the 460th year of the city ; be- 
fore which time, Pliny fays there is no mention of any 
account of time but by the fun’s rifing and fetting : 
the firft dial was fet up near the temple of Quirinus ; 
but being inaccurate, about 30 years after, another 
was brought out of Sicily by the conful M. Valerius 
Meffala, which he placed on a pillar near the Roftrum ; 
but neither did this fhew time truly, becaufe not made 
for that latitude; and, after ufing it 99 years, Martius 
Philippus fet_up another more exaét, 

The diverfity of fun-dials arifes from the different 
fituation of the planes, and from the different figure of 
the furfaces upon which they are defcribed ; whence 
they become dencminated equinodial, horizontal, vertical, 
polar, direét, ered, declining, inclining, reclining, cylindrical, 
&c.. For the general principles of their conftruction, 
fee Diatiinc. 

Dials are fometimes diftinguithed into primary and 
kecondary. : 

Primary Dats are fuch as are drawn cither on the 
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plane of the horizon, and thence called horizontal dials ;. 
or perpendicular to it, and called vertical dials ; or elfe 
drawn on the polar and equinoétial planes, though nei 
ther horizontal nor vertical, And 

Secondary Dians are all thofe that are drawn on the: 
planes of other circle, befide thofe lait mentioned ; or 
thofe which either decline, incline, recline, or deine 
cline. : 

Each of thefe again is divided into feveral others, as. 
follow: 

Equinoftial Diax, is that which is deferibed on an 
equinoétial plane, or one parallel to it. 

Horizontal Dtax, is defcribed on an horizontal plane, 
ora plane parallel to the horizon.—This dial fhews the 
hours from fun-rife to fun-fet. 

South Dia, or an Ereét, dire South Dial, is that de« 
{eribed on the furface of the prime vertical circle look- 
ing towards the fouth.—This dial fhews the time from. 
6 inthe morning till 6 at night. 

North Dtau, or an Ered, direét North Dial, is that 
which is defcribed on the furface of the prime verti- 
cal looking northward. ‘This dial only fhews the hours 
before 6 in the morning, and after 6 in the evening. 

Eaft Diat, or Ered, dire Eaft Dial, is that drawn. 
on the plane of the meridian, looking to the eaft.—This 
can only thew the hours till 12 o’clock. 

Weft Dial, or Ereét, dirett Weft Dial, is that defcribed, 
on the weftern fide of the meridian.—This can only 
fhew the hours after noon. Confequently this, and the 
lat preceding one, will fhew all the hours of the day be- 
tween them. 

Polar Dist, is that which is defcribed on a plane. 
paffing through the poles of the world, and the eat! and 
weft points of the horizon. It is of two kinds; the 
firft looking up towards the zenith, and called the up- 
per ; the latter, down towards the nadir, called the /ow- 
er. The polar dial therefore is inclined to the horizon 
in an angle equal to the elevation of the pole.—The up- 
per polar dial fhews the hours from 6 in the morning 
till 6 at night, and the lower one fhews.the hours be» 
fore 6 in the morning, and after 6 in the evening, viz, 
from fun-rife and till fun-fet. 

Declining Diaus, are erect or vertical dials which de- 
cline from any of the cardinal points ; or they are fuch 
as cut either the plane of the prime vertical, or of the 
horizon, at oblique angles. 

Declining dials are of very frequent ufe; as the 

walls of houfes, on which dials are moftly drawa, com- 
monly deviate from the cardinal points. 
, Of declining dials there are feveral kinds, which are 
denominated from th? cardinal points which they are 
neareft to; as decliners from the fouth, and from the 
north, and even from the zenith. 

Jnelined Diaxs, are fach as are drawn on planes not 
ercét, but inclining, or leaning forward towards the 
fouth, or fouthern fide of the horizon, in an angle, either 
greater or lefs than the equinodtial plane, 

Reciining Diaus, are thofe drawn on planes not erect, 
but reclined, or leaning backwards from the zenith to. 
wards the north, in an angle greater or lefs than the 
polar plane. 

Deinclined Diaus, are fuch as both decline and in- 
cline, or reeline.—Thefe laft three forts of dials are very 
rare. 
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Drars without Centres, are thofe whofe hour lines 
converge fo flowly, that the centre, or point of their 
concourfe, cannot be expreffed on the given plane. 


Quadrantal Diar. | See Horodiétical QuADRANT. 
Refleéing Diat. See Rerrectine Dial. 


Cy-indrical Diat, is one drawn’on the curve furface 
of a cylinder. This may firft be drawn on a paper 
plane, and then pafted round a cylinder of wood, &c. 
it will thew the time of the day, the fun’s place in 
the ecliptic, and his altitude at any time of obferva- 
tion. 

There are alfo Portable Diaus, or on a Card, and 
Univerfal Diats on a Plain Crofz, &e. 

RefraGed D1ars, are fuch as fhew the hour by means 
of fome refracting tranfparent fluid. 

Ring Dia, is a {mall portable dial, confifting of a 
brafs ring or rim, about 2 inches in diameter, and one- 
third of an inch in breadth. In a point of this rim 
there is a hole, through which the fun beams pafs, and 
form a bright {peck in the concavity of the oppofite 
femi-circle, which gives the hour of the day in the di- 
vifions marked within it. 

When the hole is fixed, the dial only fhews true about 
the time of the equinox. But to have it perform through- 
out the whole year, the hole is made moveable, the 
‘figns of the zodiac, or the days of the month, being 
marked on the convex fide of the ring ; hence, in ufing 
it, the moveable hole is fet to the day of the month, 
or the degree of the zodiac the fun is in; then fuf- 

ending the dial by the little ring, turn it towards the 
lun, and his rays through the hole will fhew the hour 


on the divifions within fide. 

Univerfal, or Aftronomical Ring Drat, is a ving dial 
which fhews the hour of the day in any part of the 
earth ; whereas the former is confined to a certain lati- 
Its figure fee reprefented below. 


tude. 





It confifts of two une or flat circles, from 2 to 6 
inches in diameter, and of a proportionable breadth &c. 


The outward ring A reprefents the meridian of any - 


place you, are at, and contains two divifions of go de- 
grees cach, diametrically oppofite to one another, the 
one ferving from the equator to the north pole, the 
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other to the fouth pole. The inner ring reprefents the 
uator, and turns exa@tly within the outer, by meaas 
of two pivots in each ring at the hour of 12. 

Acrofg the two circles goes a thin reglet or bridge, 
with a curfor C, fliding along the middle of the bridge, 
and having a fmall hole for the fun to fhine through. 
The middle of this bridge is conceived as the axis of 
the world, and the extremities as the poles: on the 
one fide are drawn the figns of the zodiac, and on the 
other the days of the month. On the edge of the 
meridian flides a piece, to which is fitted a {mall rinjg 
to fufpend the inftrument by. 

In this dial, the divifions on the axis are the tangents 
of theangles of the fun’s declination, adapted to the femi- 
diameter of the equator as radius, and placed on either 
fide of the centre: but inftead of laying them down 
from a line of tangents, a feale of equal parts may 
be made, of which 1000 fhall anfwer exactly to the 
length of the femi-axis, from the centre to the infide 
of the equinoétial ring ; and then 434 of thefe parts 
may be laid down from the centre towards each end, 
which will limit all divifions on the axis, becaufe 434 
is the natural tangent of 23° 28’, And thus, by a 
nonius fixed to the fliding piece, and taking the {un’s 
declination from an ephemeris, and the tangent of that 
declination from the table of natural tangents, the flider 
might be always fet true within 2 minutes of a de- 
gree. This fcale of 434 equal parts might be placed . 
right againft the 23° 28’ of the fun’s declination, on 
the axis, inftead. of the fun’s place, which is there of 
little ufe. Forthen the flider might be fet in the ufual 
way, to the day of the month, for common ufe; or 
to the natural tangent of the declination, when great 
accuracy is ented: 

To ufe this Dial: Place the line a (on the middle 
of the fliding piece) over the degree of latitude of the 
place, as for inftance 514 degrees for London: put the 
line which croffes the hole of the curfor to the degree of 
the fign, or day of the month. Open the inftrument 
fo as that the two rings be at right angles to each 
other, and fufpend it by the ring H, that the axis of 
the dial, reprefented by the middle of the bridge, may 
be parallel to the axis of the world. Then turn the 
flat fide of the bridge towards the fun, fo that his rays, 
flriking through the {mall hole in the middle of the 
curfor, may fall exaly on a line drawn round the mid- 
die of the concave furface of the inner ring ; in which 
cafe the bright fpot fhews the hour of the day in the 
faid concave furface of the ring. 

NoGurnal or Night-Diau, is that which fhews the 
hour of the night, by the light, or fhadow. projected 
from the moon or ftars. 

Lunar or Moon Dials may be either purpofely de. 
fcribed and adapted to the moon’s motion ; or the hoar 
may be found on a fun-dial by the moon fhining upon 
it, thus: Obferve the hour which the fhadow of the 
index points at by moon light; find the days of the 
moon’s age in the calendar, and take 3-4ths of that 
number, or the hours to be added to the hour fhewn 
by. the fhadow, to give the hour of the night.. The 
reafon of which is, that the moon comes to the fame 
horary circle later than the fun by avout three quar- 
ters of an hour every.day; and at the time of new 
moon the folar and lunar hour coincide. 
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Dav Planer, are the plane fuperficies upon'which 
the hour lines of dials are drawn. 

Tide Dist. See Tipe Dial. 

DIALLING, the art of drawing fun, moos, and 
Qar-dials on any fort of furface, whether plane or 
curred, z 

Dialling is wholly founded on the firt motion of 
the heavenly bodics, and chiefly the fun; or rather on 
the diurnal rotation of the earth: fo that the elements 
of fpherics, and fpherical trigonometry, fhould be un- 
derftood, before a perfon advances to the doétrine of 
dialling. 

The principles of dialling may be aptly deduced from, 
and Miuftrated by, the phenomena of a hellow or tranf- 
parent {phere, as of glafs. Thus, f{uppofe aPcp to re- 
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prefent the earth as tranfparent ; and its equator as 
divided into 24 equal parts by fo many meridian femi- 
circles a, 5, ¢, d, e, &c, one of which is the geographical 
meridian of any given place, as London, which it is 
fuppofed is at the point a; and if the hour of 12 were 
marked at the equator, both upon -that meridian and 
the oppofite one, and all the reft of the hours in order 
on the other meridians, thofe meridians would be the 
hour circles of London: becaufe, as the fun appears to 
move round the earth, which is in the centre’ of the vi= 
fable heavers, in 24 hours, he will pafs from one meridian 
to another in an hour. Then, if the {phere had an 
opake axis, as PE, terminating in the pokes P and 9, 
the fhadow of the axis, which is in the fame plane with 
the fun and with each meridian, would fall upon every 
particular meridian and hour, when the fun came to the 
plane of the oppofite meridian, and would confequently 
thew the time at London, and at all other places on the 
fame meridian. If this {phere were cut through the 
middle by a folid plane ABCD in the rational horizon 
‘of London, one half of the axis EP would be above the 
plane, and the other half below it ; and if ftraight lines 
were drawn from the centre of the plane to thofe points 
where its circumference is cut by the hour circles of 
the fphere, 
horizontal dial for London ; for the thadow of the axis 
would fall upon each particular hour line of the dial, 
cwhen it fell upon the like hous circle of the fphere. 
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Tf the plane which cuts the fphere be uptight, as 
AFCG, touching the given place, for ex. London, at ¥ 





and dire@ly facing the meridian of London, it will 
then become the plane of an ereét dire& fouth dial ; and 
if right lines be drawn from its centre E, to thofe 
points of its circumference where the hour circles of 
the fphere cut it, thefe will be the hour lines of a ver- 
tical or dire& fouth dial for London, to which the 
hours are to be fet in the figure, contrary to thofe on 
an horizontal dial ; and the lower half Ep of the axis 
will caft a fhadow on the hour of the day in this dial, 
at the fame time that it would fall upon the like hour 
circle of the fphere, if the dial plane was not in the 
way. 

If the plane, ftill facing the meridian, be made to ins 
cline, or recline, any number of degrecs, the hour 
circles of the {phere will ftill cut the edge of the plane 
in thofe points to which the hour lines mutt be drawn 
ftraight from the centre ; and the axis of the {phere 
will caft a fhadow on thefe lines at the refpective hours. 
The like will ftill hold, if the plane be made to decline 
by any number of degrees from the meridian towards 
the eait or weit ; provided the declination be lefs than 
go degrees, or the reclination be lefs than the co-lati- 
tude of the place ; and the axis of the {phere will be 
the gnomon: otherwife, the axis will have no elevation 
above the plane of the dial, and cannot be a gnomon, 

Thus it appears that the plane of every dial repre. 
fents the plane of fome great circle on the earth, and 
the gnomon the earth’s axis; the vertex of a right 
gnomon the centre of the earth or vifible heavens; and 
the plane of the dial is juft as far from this centre as 
from the vertex of this ftile. The earth itfelf, com- 
pared with its diftance from the fun, is confidered as 
a point ; and therefore, if a fmall {phere of glafs be 
placed upon any part of the earth’s furface, fo that its 
axis be parallel to the axis of the earth, and the {phere 
have fuch lines upon it, and fuch planes within it, as 
above defcribed ; it will thew. the hours of the day as 
truly as if it were placed at the earth’s centre, and the 
fhell of the earth were as tranfparent as glafs. Fere 
gufon, le&. 10. 

The principal writers on Dials, and Dialling, are 
the following : Vitruvius, in his ArchiteCture, cap. 4 

‘ : and 
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and 7, lib.9 +. Sebaflian Munfter, his Horolographia : 
John Dryander de Horologiorum varia Compofitione : 
Conrade Gefner’s Pande€te : Andrew Schoner’s Gno- 
monier: Fred. Commandine de Horologiorum De- 
{criptione: Joan. Bapt. Benedi&tus de Gnomonum 
Umbrarumque Solarium Ufa: Joannes Georgius 
Schomberg, Exegefis Fundamentorum Gnomonico- 
rum: Solomon de Caus, Traité des Horologes So- 
laires: Joan. Bapt. ‘Trolta, Praxis Horologiornm : 
Defargues,. Maniere Univerfelle pour pofer ’Effieu & 
placer les Heures & autres Chofes aux Cadrans Solaires: 
Ath. Kircher, Ars magna Lucis & Umbre : Hallum, 
Explicatio Horologii in Horto Regio Londini; Trac- 
tatus Horologiorum Joannis Mark: Clavius, Gnomo- 
nices de Horologiis ; in which he demonftrates both 
the theory and the operations after the rigid manner 
of the ancient mathematicians: Dechales, Ozanam, 
and Schottus, gave much eafier treatifes on this fub- 
ject; as did alfo Wolfius in his Elementa: M. Picard 
gave anew method of making large dials, by calcu- 
Tating the hour lines ; and M. De la Hire, in his Dial- 
Ung, printed in 1683, gave a geometrical method of 
drawing hour lines from certain points, determined by 
obfervation. Everhard Walper, in 1625, publithed his 
Dialling, in which he lays down a method of drawing 
the primary dials on a very cafy foundation ; aid the 
fame foundation is alfo defcribed at length by Sebattian 
Muniter, in his Rudimenta Mathematica, publithed in 
1651. In 1672, Sturmius publifhed a new edition of 
Walper’s Dialling, with the addition of a whole fecond 
part, concerning inching and declining dials, &c. In 
1708, the fame work, with Sturmius’s additions, was 
re-publifhed, with the addition of a 4th part, contain- 
ing Picard’s and De la Hire’s methods of drawing large 
dials, which makes much the beft and fulleft book on 
the fubjet. Peterfon, Michael, and Muller, have each 
written on Dialling, in the German language : Coet- 
fius, in his Horologiographia Plana, printed in 1689 : 
Gauppen, in his Gnomonica Mechanica: Leybourn, 
in his Dialling: Bion, in his Ufe of Mathematical 
Inftruments: Wells, in his Art of Shadows. There 
is alfo a treatife by M. Deparceux, 1740. Mr. Fer- 
gufon has. alfo writteh on the fame fabject in his Lec- 
tures on Mechanics ; befides'Emerfon, in his Dialling ; 
and Mr. W. fones, in his Inftrumental Dialling. 
bape Diariine Cylinder, is pat a in 
fig. 2, plate vii, where ABCD is a glafs cylindrical 
tube, clofed at both ends with brafs plates, in the 
centres of which a wire or axis EFG is fixed. The 
tube is either fixed to an horizental board H, fo that 
its axis may make an angle with the board equal to 
that which the earth’s axis makes with the horizon of 
any given place, and. be parallel to the axis of the 
world; or it may be made to move on a joint, and 
elevated for any particular latitude. The twenty-four 
hour lines are drawn with a diamond on the outfide 
of the glafs, equidiftant from each other, and parallel 
to the axis. The XII next B ftands for midnight, 
and the XII next the board H for noon. When the 
axis of this inftrument is elevated according to the lati- 
tude, and the board fet level, with the line HN in the 
plane of the meridian, and the end towards the north 5 
the axis EFG will ferve as a gnomon or ftile, and 
eat a fhadow on the hour of the day among the pa- 
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gallel hour Times; when the fun fhines on-the inftra. 
ment. As the plate A:D at the top is parallel to the 
equator, and the axis EFG perpendicular to it, right 
lines drawn from the centre to. the extremities of the pa- 
rallels will be the hour lines of an equinoGtial dial, and 
the axis will be the ftile, An horizontal plate ¢f put 
down into the tube, with lines drawn from the centre 
to the feveral parallels, cutting its edge, will be an ho 
rizontal dial for the given latitude ; and a vertical plate 
gt, fronting the meridian, and touching the tube with 
its edge, with lines drawa from its re to the pas 
rallels, will be a vertica! fouth dial: the axis of the ine 
firument ferving in both cafes for the ftile of the dial: 
and if a plate be placed within the tube, fo as to de- 
cline, incline, or recline, by any given number of de- 
grees, and lines be drawn, as above, a declining, inclin- 
Ing, or reclining dial will be formed for the civen lati- 
tude. If the axis with the feveral plates fixed to it 
be drawn out of the tube, and fet up in funthine in 
the fame pofition as they were in the tube, AD will 
be an equinoGial dial, ef an horizontal dial, and ge 
a vertical fouth dial ; and the time of the day will be 
fhewn by the axis EFG. If the cylinder were wood, 









_inttead of glafs, and the parallel lines drawn upoii it in 


the fame manner, it would ferve to facilitate the ope- 
ration of making thefe feveral dials, The upper plate 
with lines drawn to the feveral interfeétions of the 
parallels, which appears obliquely in fig. 2, would be 
an. equinoétial uae as in fig. 3, and the axis perpendi- 
cular to it be its ftile. An horizontal dial for the la- 
titude of the elevation of the axis might be made, by 
drawing out the axis and cutting the cylinder, as at 
ofgh, parallel to the horizontal board H the fection - 
would be elliptic as in fig. 4. A circle might he de. 
{cribed on the centre, and lines drawn to the divifions 
of the ellipfe would be the hour lincs ; and the wire 
put in its place again, as E,’ ‘would be the ftile. If 
this cylinder were cut by a plane perpendicular to the 
horizontal board H, or to the line SHIN, beginning at 
g the plane of the fection would be elliptical as in 
fig. 5, and lines drawn to the points of interfection of 
the paraltels on its edge would be the hour lines of a 
vertical direct fouth dial, which might. be made of any 
fhape, either circular or fquare, and F the axis of the 
cylinder would be its ftile. Thus alfo inclining, de- 
clining, or reclining dials might be ealily conitrucéed, 
for any given latitude. Fergufon, ubi fupra. 

Diariiwe Globe, is an inftrument made of brafs, or 
wood, with a plane fitted to the horizon, and an in- 
dex; particularly contrived to draw all forts of dials, 
and to give a clear exhibition of the principles of that 
art. 

Diarimc Lines, or Scales, are graduated lines, 
placed-on rules or the edges of quadrants, and other in- 
flruments, to expedite the conftruction of dials. The 
principal of thefe lines are, 1. A feale of fix hours, 
which is only a double tangent, or two lines of tan- - 
gents each of 45 degrees, joined together in the mid- 
dle, and equal to the whole line of fines, with the de- 
clination fet againft the meridian altitudes-in the lati- 
tude of London, fuppofe, or any place for whicli it is 
made: the radius of which line of fines is equal to the 
dialling feale of fix hours. 2. A line of latitudes, 
which is fitted to the hour feale, and is.made by -this 
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canon: a¢ the radius is to the chord of 90 degrees ; 
fo are the tangents of each fefpectivé degree of the 
line of latitudes, to the tangents of other arches: and 
then the natural fines of thofe arches are the numbers, 
which, taken from a diagonal feale of equal parts, will 
graduate the divifions o the line of latitude to any ra- 
dius, The line of hours and latitudes is‘generally for 
pricking down all dials with centres. For the method 
of conftruéting thefe feales, fee Scar. Te. 

” Diaruine Sphere, is an inftrument made of brafs, 
with feveral femicircles fliding over one another, on a 
moving horizon, to demonttrate the nature of the doc- 
trine of fpherical triangles, and to give a true idea of 
the drawing of dials on all manner of planes. 

DIAMETER, of a circle, is a right line paffing 
through the centre, and terminated at the circumfe- 
rence on both fides. 

The diameter divides the circumference, and the area 
of the circle, into two equal parts. And half the 
diameter, or the femi-diameter, is called the radius. 

For the proportion between the diameter and the 
circumference of a circle, fee Crrcre and Circum- 
FERENCE. 

Diameter of a Conic Sefion, or Tranfverfe Diameter, 
is a right-line paffing through the centre of the {eétion, 
or the middle of the axis-—The diameter bifeéts all or- 
dinates, or lines drawn parallel to the tangent at its ver- 
tex. See Conic Sefions. 

Conjugate DiaMETER, is a diameter, in Conic Sec- 
tions, parallel to the ordinates of another diameter, 
called the tranfverfe; or parallel to the tangent at the 
vertex of this other. 

Diameter, of any Curve, is a right line which di- 
vides two other parallel right lines, in fuch manner 
that, in each of them, all the fegments or ordinates on 
onefide, between the diameter and different points of the 
curve, are equal to all thofe on the other fide. This is 
Newton’s fenfe of a Diameter. 

But, according to fome, a diameter is that line, 
whether right or curved, which bifeéts all the parallels 
drawn from one point to another of a curve. So that 
in this way every curve will have a diameter; aud 
hence the curves of the 2d order, have, all of them, 
either a right-lined diameter, or elfe the curves of fome 


one of the conic fe€tions for diameters. And many © 


eometrical curves of the higher orders, may alfo have 
for diameters, curves of more inferior orders. 

Diamerer of Gravity, is a right line paffing through 
the centre of gravity. 

Diameter in Affronomy. The diameters of the 
heavenly bodies are either apparent, i. ¢. fuch as they 
appear to the eye; or real, i. e. fuch as they are in 
themfelves. 

‘The apparent diameters are beit meafured with a 
micrometer, and are eftimated by the meafure of the 
angle they fubtend at the eye. Thefe are different in 
different circumftances and parts of the orbits, or ac- 
cording to the various diftances of the luminary 5 being 
in the inverfe ratio of the-diftance. 

The fun’s vertical diameter is found by taking the 
height of the upper and lower edge of his difk, when 
he is in the meridian, or near it; correéting the alti- 
tude of each edge on account of refraction and paral- 
lax; then the difference between the true altitudes of 
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the two, is the true apparent diameter Fought. Or the 
apparent diameter may be determined by obferving, 
with a good clock, the time which the fun’s dife takes 
in paffing over the meridian: and here, when the fun is - 
in or near the equator, the following proportion may be 
ufed ; viz, as the time ‘between the fun’s leaving the me- 
ridian and returning to it again, is to 360 degrees, fo is 
the time of the fun’s paffing over the meridian, to the 
number of minutes and feconds of a degree contained in 
his apparent diameter: but when the fun is in a pa- 
rallel at fome diftance from the equator, his diameter 
meafures a greater number of minutes and feconds in 
that parallel than it would do ina great circle, and takes 
up proportionally more time in pafling over the meri- 
dian; in which cafe fay, as radius is to the cofine of 
the fun’s declination, fo is the time of the fun’s paffing 
the meridian reduced to minutes and feconds of a de- 
Brees to the arc of a great circle which meafures the 
un’s apparent horizontal diameter. See Transit. 

The fun’s apparent diameter may alfo be taken by 

the proje€tion of his image in a dark room, 
here are feveral ways of finding the apparent dia- 

meters of the planets: but the moft certain method is 
that with the micrometer, . 

The following is a table of the apparent diameters 
of the fun and planets, in different circumftances, and as 
determined by different aftronomers. 





Tasre or Apparent Diameters. 

















1. Of the Sun, accord- Greateft Mean Leaft 
seh ; : rs mrs Sere 
‘Arhinels $9, 10-,0150-0 W027 2S 
Ptolomy 33.20 0/3218 o}3120 0 
Albategnius 33 40 0]32 28 0131 20 O' 
Regiomontanus {34 © 0{3227 0/3 © © 
Copernicas 33.54 0/32 44 0/31 40 0 
Tycho 32 © O}31 0 0)30 0 © 
Kepler 31 4 0[3030 0/30 0 0 
Riccioli 32 8 0/3140 0/31 0 O 
J. D. Caffini 32.46 of32 13 0/31 40 0 
Gafcoigne 3250 of- - = [3140 0 
Flamfteed 32.48 Of - = © [3130 0 
Mouton 3232 of - - - [3029 0 
De la Hire 32 44 0/32 1k 0/31 38 Oo} 
Louville 3237 7132 436)38 32 50 
M. Caffini, jun. | 32 37 30[32 5 0}31 32 30 
Monnier ~ = 
Short 32 33.0 
2. Of the Moon. 
Prolomy 35 30 0 
Tycho Jin Conjunc. |28 48 © 
reer". in Oppofit. (36 0 ©, 
Kepler 3244 0 
De La Hire 33 32 0 
in Syz --- 
Newton, {fn Quad eee 
Mouton, Full, in ribs ie 3329 © 
4 . in Zz i et 
Monnier, {i Gusint eee 
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Nee Tee REEERE SEE? 
Greate’ | Mean’ y Greatelt { Mean J. Lea ” 

3. Of Mercary. pavaans arma War mar ae Of Saturn ca rope nom 
Albategnius ee (ame ee a Riccicli - 112.0}057 01046 o 
Alfraganus cor ofp rzie - Huygens Selatan fameenel a brea) 
Tycho 357, 0]2 10 O}1 29 0 aaheage -jO25 Of- = = fron oe 
Hevelius Ol ofo 6 O10 4 0 Newton, i ted” SHI Olea Ss 
Hortenfius 028 ol0 19 olo10 0 Pound’s Obferv. 

Riccioli 025 123013 48/0 9 20 rt Monnier, 7 - + -]o16 of- - + 

Bradley o1o4gsi- = -|e = = uygens, }’s Ring |- - -]1 4 olr 8 0 

Monaier + + +]- + -lolo o Newton, from rat Gan S 

eras 1 Pound’s Obf. 940 0 eee 

= rae Monnier’ - - «fogz o]- - - 

4. Of Venus. - ee ——— 

Albategnius 3 8 off - -[- - - 8. New Planet. 

Alfraganus 13g Ol- = =| - a 

“Tycho 440 01315 ol1 52 0 erfchel dr + - 10 3 54 = - 

Hevetius I § 91/016 0/0 9 © 2 

HontenGus 140 0/053 clo 15 20 The Mean Apparent diameters of the planets,. as 

Kepler 76 ol. - -|- > - {een from the fun, are as follow : 

Riccioli 4 8 oft 41210 33 30 Mercury, Venus, Earth, Moon, Mars, Jup. Sat. Herfch. 

Forties cD ae aia el cmon Seer ae Oar 34 16 
Horrox NiBGSlo sue tee oe For the true diameters of the fun and planets, and 
Crbtree : oe Benn ol, ead their proportions’ to each other, fee Pianrts, Semi- 
Monnier Z 9 ~|t17 of. = - ue perrge haar are 

SAMETER Of a Column, is its thicknefs juft above the 
ao es “7 - = -j058 ol- = =| site” From this the module is taken, which meafures 
ERODE OF ET EO: er ee BSI IOS ss all the other parts of the column, 
oo Fanaa Diameter of the Diminution, is that taken at the 
5. Of Mars, repaie er, a fa ais 
ae 7 IAMETER of. the Swelling, is that taken at the 
pa ee si od ie elias deere height of one third fom the bate, 

” Hevelius 020 ofo § olo 2 0 IAPASON, a mufical interval, otherwife called 
Hortenfius 1 4.01036 olo 9 of odtave, or eighth: fo called becaufe it contains all the 
Kepler 630 o]- - =i oe poffible diverfities of found. : 
Riccioli 132 01022 olo1o 6 If the lengths of two ftrings be to each other as 1 to 
Huygens - + «| = -|030 0 2, the tenfions being equal, their tones will produce an 
Flamiteed 033 Oj- = -|- = - oftave. 5 : 
Monnier Bee |> 2216466 DIAPENTE, is the perfect fifth or fecond of the 

Polar Diam.{- - -l- - -lo2na concords, making an o€tave with the Diateflaron. The 

*| Herfchel, }eeecbee: Band lesen carl gs 2 lengths of the chords are as 3 to 2. 
5 BIAPHONOUS Body or Medium, one that is 
tranflucent, or pee which the rays of light eafily 

6. Of Fupiter. ps as water, air, glafs, tale, fine porcelain, &c, Sce 

bateg. and Alfrar. |- - -|2364o0|- - - RANSPARENCY. 

Al nrecha 8 359 02 a a 214 0 DIAPHONICS, is fometimes ufed for the feience 
Hevelius 024 0/018 olo14 0 “ refraéted found, as it paffes through different me- 
lortenfius 1 © 50 O10 38 30 ums. 
Kepler bsotole = =|. |. DIASTYLE, a fort of edifice, in which the pillars 
Riccioti 1 8 46/0 49 46]o 38 18 ftand at fuch a diftance from one another, that three 
Huygens - = f+ + |r goo diameters of their thicknefs are allowed for the inter- 
Flamfteed 054 of- - -|- - - columnation. . 
Newton, from ‘ DIATESSARON, is the perfeét fourth ; or a mufi- 
Pound’s Obf. } = 2 2103775 - - cal interval, confifting of one greater tone, one leffer, and 
Monnier - = -{037 off - - one greater femitone. The lengths of ftrings to found 
Vay aeaONER (aEO eee Kei the diateffaron, are as 3 to 4. av 
DIATONIC, a term fignifying the ordinary fort 
q- Of Saturn. of mufic, which proceeds by tones or degrees, both 


Albateg and Alfrag. [- - -|1 44 28. = afcending and defcending. It contains or admits only 


Tycho 212 of150 o|r 34 o| the greater and leffer tone, and the greater femitone. 

Hevelius 039 clo 16 olo14 of | DIESIS, a divifion of a tone, lefs than a femitone ; 
Hortenfius ' 1042 40fo 37 0031 oO} ran interval confifting of a leffer, or imperfed femi- 
Kepler o30 O]- - -{- - =? tone The Dicfis js the fmalleft and fofteit change, or 


DEF 
infexion, ‘of the voice imaginable. It is alfo called a 
fiint, and is expreffed by a St. Andrew's Crofs, or fal- 


tier, 

‘DIFFERENCE, is the excefs by which one mag- 
nitude or quantity exceeds another. When a lefs 
quantity is fubtracted from a greater, the remainder is 
otherwife called difference. 

‘Afeenfional Dirrerence., See Ascensionau. 

Dirrerence of Longitude, of two places, is an arch 
of the equator contained between the meridians of 
thofe two places, or the meafure of the angle formed 
by their meridians. 

DIFFERENTIAL, an indefinitely fmall quantity, 

art, or difference. By fome, the Differential is con- 
Faered as infinitely fmall, or lefs than any affignable 
quantity ; and alfo as of the fame import as fluxion. 

It is called a Differential, or Differential Quantity, 
becaufe often confidered as the difference between two 

uantities ; and as fuch it is the foundation of the Dif- 
ferential Calculus. Newton ufed the term moment in 
a like fenfe, as being the momentary increafe or de- 
ereafe of a variable quantity. M. Leibnitz and others 
gall it alfo an infinitefimal. 

Dirrerentiat of the 1f, 2d, 3d, tc degree. 
Differentio-Dir rex ENTIAL. 

IFFERENTIAL Calculus, or Method, is a method of 
differencing quantities. See Dirrerentian Method, 
Cavcurus, and Fruxions. 

Dirrsrentio-DirFErentiaL Calculus, isa method 
of differencing differential quantities. 

As the fign of a differential is the letter d prefixed 
to the quantity, as dx the differential of x ; fo that of 
a differential of dx is ddx, and the differential of ddx is 
dddx, &c ; fimilar to the fluxions x, #, %, &c. 

Thus we have degrees of differentials. The diffe- 
rential of an ordinary quantity, is a differential of the 
firk order or degree, as dx; that of the 2d degree is 
ddx ; that of the 3d degree, dddx, &c. ‘The rules for 
differentials, are the very fame as thofe for fluxions. 
See Fiuxions. 

DirrerentiAL, in Logarithms. Kepler calls the 
logarithms of tangents, diferentiales ; which we ufually 
eal artificial tangents. 

Dirrerentiat Equation, is an equation involving 
or containing differential quantities ; as the equation 
gtde — 2axdx + aydx + axdy = 0. Some mathema- 
ticians, as Stirling, &c, have alfo applied the term dif- 
ferential equation in another fenfe, to certain equations 
defining the nature of Series, 

Dirrerentiar Method, a method of finding quan- 
tities hy means of their fucceffive differences. 

‘This method is of very general ufe and application, 
hut efpecially in the conftru@tion of tables, and the 
fummation of feries, &c. This method was firft ufed, 
and the rules of it laid down, by Briggs, in his Con- 
ftru@ion of Logarithms and other Numbers, much the 
fame as they were afterwards taught by Cotes, in his 
Conftru@io Tabularum per Differentias; as I have 
fhewn in the Introdu@tion to my Logs. pa. 69 & feq. 
Sce Briggs’s Arithmetica Logarithmica, cap. 12 and 
13, aad his Trigonometria Britannica. 

‘The method was next treated in another form by 
Newton in the sth Lemma of the 3d book of his Prin- 

he ao 
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by Jones in 1711, with the other traéts of Newton. 
This author here treats it as a method of defcrih- 
ing a curve of the parabolic kind, through any given 
number of points, He diftinguifhes two cafes oF thie 
problem ; the firft, when the ordinates drawn from the 
given points to any line given in pofition, are at equal 
diftances from one another ; and the 2d, when thefe 
ordinates are not at equal diftances. He has given a 
folution of both cafes, at firft without demonftration, 
which was afterwards fupplied by himfelf and others : 
fee his Methodus Differentialis above mentioned ; and 
Stirling’s Explanation of the Newtonian Differential 
Method, in the Philof. Tranf. N° 362; Cotes, De Mc- 
thodo Differentiali Newtoniana, publifhed with his 
Harmonia Menfurarum ; Herman’s Phoronomia ; aad 
Le Seur & Jacquier, in their Commentary on Newton’s 
Principia. It may be obferved, that the methods there 
demonttrated by fome of thefe authors extend to the 
defcription of any algebraic curve through a given 
number of points, which Newton, writing to Leibnitz, 
mentions aéa problem of the greateft ufe. 

By this method, fome terms of a feries being given, 
and conceived as placed at given intervals, .any inter- 
mediate term may be found nearly ; which therefore 
gives a method for interpolations, Briggs’s Arith. Log. 
ubi fupra; Newton Meth. Differ. prop. 5; Stirling, 
Methodus Differentialis. 

Thus alfo may any curvilinear’ figure be fquared 
nearly, having fome few of its ordinates. Newton, 
ibid. prop 6; Cotes De Method. Differ. ; Simpfon’s 
Mathematical Differt. pa. 115. And thus may mathe- 
matical tables be conftructed by interpolation: Briggs, 
ibid. Cotes Canonotechnia. 

The fucceffive differences of the ordinates of para- 
bolic curves, becoming ultimately equal, and the inter- 
mediate ordinate required, being determined by thefe 
differences of the ordinates, is the reafon for the name 
Differential Method. 

To be a little more particular.—The firft cafe of 
Newton’s problem amounts to this: A feries of num- 
bers, placed at equal intervals, being given, to find any 
intermediate number of that feries, when its interval or 
diftance from the firft term of the feries is given. 
Subtraé each term of the feries from the next follow- 
ing term, and call the remainders firft differences; then 
fubtraG in like manner-each of thefe differences from 
the next following one, calling thefe remainders 2d dif- 
ferences ; again, fubtra& each 2d difference from the 
next following, for the 3d differences; and fo on: then 
if A be the rit term of the feries, 

d’ the firlt of the rift differences, 
da the firft of the 2d differences, 
d’ the fir of the 3d differences, &e ; 
and if x be the interval or diitance between the firft 
term of the feries and any term fought, T, that is, let 
the number of terms from A to T, both included, be 
=x +13 then-will the term fought, T, be= - 

Mo, MRE, KR MT K—-2 G,, 
Atid’t+s. : d 3° ae A” en 

Hence, if the differences of any order become equal, 
that is, if any of the diffs. 2”, di, &c, become = 0, 
the above feries will give a finite expreffion for T the 


term fought 3 it being evident, that the feries muft ter- 
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It is alfo evident that the co-efficients caer) 
&c, of the differences, are the fame as to the terms of 
the binomial theorem. ; 

For ex. Suppofe it were required to find the log. 
tangent of 5417 12/7 24%, or 5° 145, or 5! 1°7:2006 
&e. 

Take out the log. tangents to feveral minutes and 
feconds, and take their firit and fecond differences, as 
below : ; 


Tang. cy a 
56 0% = = 791626964 
5 1 + + + y164r4r7 | 14453 | 407 
5 2 + = = pr655S21 | T4404 | 4 f+ 
503 - = = 41670178 | 14357 
Here A = 7°16414173 xa qv353 d= 14404; 
and the mean 2d difference d” = — 48. Hence 
A. weet T6447 
ad! -- = 2977 
emt 
ror 


‘Theref, the tang. of 571 12” 24” iy 7°1644398 


Hence may be deduced a method of finding the fums 
-of the terms of fuch a feries, calling its terms A, B, 
C, D, &e. For, conceive a new feries having its 1ft 
term == 0, its 2d= A, its 3d—= A+B, its 4th = 
A+B+C, its 5th=A+B4C+D, and fo on; 
then it is plain that affigning one term of this feries, is 
finding the fum of all the terms A, B, C, D, &c. 
Now fince thefe terms are the differences of the fums, 
o, A, A+B, A+B+C, &c; and as fome of the dif- 
ferences of A, B, C, &c, are =o by fuppofition ; it 
followe that fome of the differences of the {ums will be 


20} and fince in the feries A + Sale =a 


&c, by which a term was affigned, A reprefented the 
rt term; d’ the 1ft of the rit differences, and x the 
interval between the firft term and the laft; we are to 
write o inftead of A, A inftead of d’, d’ inftead of d”, 
a” inftead of d’”, &c, alfo x 4+-1 inftead of x; which 
being done, the feries expreffing the fums will be 

o+ a +o aa + — = AStan, &e. 
Or, if the real number of terms of the lines be called 
x, that is, ifz=+ +1, or x= z~1, the fum of the 
Z £Z—-1 2-2 ,,, 
_. d 

to. 2 3 

&c. See De Moivre’s Do. of Chances, pa. 59, 60; 
or his Mifcel. Analyt. pa. 153 ; or Simpfon’s Effays, 
a. OF. 

° # ex, to find the fum of fix terms of the feries of 


fquares 1+ 4494164 25 + 36, of the natural num- 
bers. 











Series will be Ax -+ = aS d+ 


Terms d’ od? a? 
I 


3 
4 2 
ee are 
1% 7 2 @ 
25 9 
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Here A=1, d'=3, d’=2, d’” es 0, and 
= 6; therefore the fim is6+. $.34$.4.9.2 
= 6 +45 + 40=91 the fum required, viz. of 
T+4 +9 + 16 +25 + 36. 

A variety of examples may be feen in the places 
above citéd, or in Stirling’s Methodus Differentialis, 
&e. 

As to the Differential method, it may he obferved, 
that though Newton and fome others have treated it as 
a method of defcribing an algebraic curye, at leaft of 
the parabolic kind, through any number of giver 
points ; yet the confideration of curves is not at all ef- 
fential to it, though it may help the imagination. The 
defeription of a parabolic curve through given points, 
is the fame problem as the finding of quantities from 
their given differences, which may always be done by 
Algebra, by the refolution of fimple equations. See 
Strling’s Method. Differ. pa. o7. This ingenious 
author has treated very fully of the differential method, 
and fhewn its ufe in the folution of fome very difficult 
problems. See alfo Serizs. 

Dirrerentiau Scale, in Algebra, is ufed for the 
{cale of relation fubtraéted frpm unity. See Recurring 
Series. 

DIFFRACTION, a term firft ufed by Grimaldi, 
to denote that property*of the rays of light, which 
others have called Infleétion; the difcovery of which’ 
is attributed by fome to Grimaldi, and by others to 
Dr. Hook. 

DIGBY (Sir Krnzum), a famous Englith philo- 
fopher, was born at Gothurft in Buckinghambhire, 
1603. He was defcended of an ancient family : his 

reat grandfather, with fix of his brothers, fought va- 
tantly at Bofworth-field on the fide of Henry the 7th, 
againit Richard the 3d. His father, Everard, engaged 
in the gunpowder plot againft James the ift, for which 
he was beheaded. His fon, however, was reftored to 
his eftate; and had afterwards feveral appointments 
under king Charles the ft. He granted him letters 
of reprifal againft the Venetians, from whom he took 
feveral prizes with a {mall fleet which he commanded, 
He fought the Venetians near the port of Scanderoon, 





sand bravely made his way through them with his 


booty. 


In the beginning of the civil wars, he exerted him- 
felf greatly in the king’s caufe. He was afterwards 
imprifoned, by order of the parliament ; but was fet at 
liberty in 1643. He afterward compounded for his 
eftate ; but being banifhed from England, he retired to 
France, and was fent on two embaffies to Pope Inno- 
cent the roth, from the queen, widow to Charles the 
ift, whofe chancellor he then was. On the reftoration 
of Charles the 2d, he returned to London; where he 
died in 1665, at 62 years of age. 

Digby was a great lover of learning, and tranflated 
feveral authors into Englith, as well as publifhed feveral 
works of his own; as, 1. Obfervations upon Dr. Brown's 
Religio Medici, 1643.—2. Obfervations on part of Spen- 
fer's Fairy Queen, 1644.—3. A Treatife of the Nature 
of Bodies, 1644.—4. 4 Treatife declaring the Operations 
and Nature of Man’s Soul, out of which the Immortality 
of reafonable fouls is evinced: worke that difcover great 
penetration and extenfive knowledge. 

He applied much to chemiftry : ard found out feve. 


DIG 


yal ufeful medicines, which he diftributed with a liberal 
hand. He particularly diftinguithed himfelf by his 
fympathetic powder for the cure of wounds at a dif- 
tance; his difcourfe concerning which made great noife 
for a while. He held feveral conferences with Des 
Cartes, about the nature of the foul, and the principles 
of things. At the beginning of the Royal Society, he 
became a diftinguifhed member, being one of the fir 
council. And he had at his own houfe regular levees 
or meetings of learned men, to improve themfelves in 
knowledge, by converfing with one another. 

This eminent perfon was, for the early pregnancy of 
his talents, and his great proficiency in learnmg, com- 
pared to the celebrated Picus de Mirandola, who was 
one of the wonders of human nature. Yet his know- 
ledge, though various and extenfive, probably appeared 
greater than it really was; as he had all the powers of 
élocution and addrefs to recommend it. He knew how 
to fhine in a circle, either of ladies or philofophers ; and 
was as much attended to when he fpoke on the moft 
trivial fabjeéts, as when he fpoke on the moi important. 
Tt has been faid that one of the princes of Italy, who 
had no child, was defirous that his princefs fhould bring 
him a fon by Sir Kenelm, whom he eftcemed a juit 
model of perfeétion. 

DICGES (Lrowarp), @ confiderable mathemati- 
cian in the x6th century, was defcended from an an- 
cient family, and born at Digges-court in the parihh of 
Barham in Kent; but in what year is not known; and 
died about the year 1574. He was educated for fome 
time at Oxford, where he laid a good foundation of 
learning. Retiring from thence, he profecuted his 
fiudies, and became an excellent mathematician, a fkil- 
ful archite&t, and an expert furveyor of land, Xc. He 
compofed feveral books: as, 1. Tedlonicum ¢ briefly 
Srewing the exaét Meafuring, and fpeedy Reckoning of all 
mocner of Lands, Squares, Timber, Stones, Stecples, Ge 3 
1556, 4t0. Augmented and publifhed again by his fon 
Thomas Digges, in 1592; and alfo reprinted in 1647- 
2. A Geometrical Praétical Treatife, named Pantome- 
tria, in three books. "This he left in manufeript ; but 
after his death, his fon fupplied fuch parts of it as were 


obfcure and imperfect, and publifhed it in 1591, folio; , 


fubjoining, « A Difcourfe Geometrical of the five re~ 
gular and Platonic bodies, containing fundry theoretical 
and practical propofitions, arifing by mutual conference 
of thefe folids, Infeription, Circum: cription, and Tranf- 
formation.”"—3. Prognoftication Everlufling of right good 
effed s or Choice Rules to judge the Weather by the Sun, 
‘Moon, and Stars, Ses in gto. 1$555 1556s and 1564: 
correéted and augmented by his fon, with divers general 
tables, and many compendious rules, in 4to, 1592+ 

DIGGES (Txomas), only fon of Leonard Digges, 
after a Hberal education from his tendereft years, went 
and ftudied for fome time at Oxford; and by the ime 
provements he made there, and the fubfequent inftruc- 
tions of his learned father, became one of the belt ma- 
thematicians of his age. When queen Elizabeth fent 
fome forces to aflit the oppreffed inhabitants of the 
Netherlands, Mr. Digges was appointed mutfter-mafter 
general of them; by which he became well fkilled in 
military affairs; as his writings afterward fhewed. He 
diedin 1595. . 

Mr. Digges, befide revifing, corretting, and enlarg- 
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ing fome pieces of his father’s, already mentioned, wrote: 
and publithed the following learned works himfelf: vizy. 
1. Ale five Scale Mathematica: or Mathematical Wings 
or Ladders, 1573) 4t0. A book which contains feve~ 
ral demonttrations for finding the parallaxes of any co- 
met, or other celeftial body, with a correction of the 
errors in the ufe of the radius altronomicus.—2- An 
Arithmetical Military Treatift, containing fo much of 
Arithmetic as is neceffary towards military difetpline, 1579» 


“4to.—3. 4 Geometrical Treatife, named Stratioticos, re- 


quifite for the perfection of Soldiers, 1579, 4t0- - This 

was begun by his father, but finithed by himfelf, They 

were both repriated together in 1590, with feveral ad- 

ditions and amendments, under this title; “An Arith- 

metical Warlike Treatife, named Stratioticos, compen~ 

dioufly teaching the feience of Numbers, as well in: 
Fraétions as Integers, and fo much of the Rules and. 
Equations Algebraical, and art of Numbers Coffical, 

as are requifite for the profeflion of a foutdier. ‘To- 

gether with the Moderne militaire difcipline, offices,, 
Tawes, and orders in every well-governed campe and 

armie, inviolably to be obferved.” At the end of this 

work there are two pieces ; the firit, “ A bricfe and true 

report of the proceedings of the Earle of Leyceiter, 

for the reliefe of the towne of Sluce, from his arrival at. 

Vlifhing, about the end of June 1587, untill the furren- 

drie thereof 26 Julii next enfuing. Whereby it hall 

plainelie appear, his excellencie was not in anie fault for 

the loffe of that towne :” the fecond, “« A briefe dif- 

courfe what orders were beft for repulling of foraine 

forces, if at any time they fhould invade us by fea in 

Kent, or eHewhere.’—4. A perfett Defeription of the Ce- 

leflial Orbs, according to the moft ancient dottrine of the Py- 

thagoreans, Se. "Vhs was placed at the end of. his: 
father’s “ Prognoltication Everlafling, &c.” printed in. 
1592, 4to.—5. ff humble Motive for Affociation to main- 

tain the religion efrablifbed, 1601, 8vo. ‘Vo which is add- 

ed, his Letter to the fume purpofe to the archbifbops and 
bifbops of England.—6. England's Defenca: or, A Treas. 
tife concerning Invafion. This is a tract of the fame na- 

ture with that printed at the end.of his Stratioticos, 

and called, A bricfe Difcourfe, &c. It was written in 

1599, but not publifhed till 1686.—7. 4 Letter. printed 
before Dr. Fohn Dees Parallatice Connientationis prax- 

cofgue nucleus quidam, 1573+ 4to.—Befide thefe, and his 

Nova Corpora, he left feveral mathematical treatifes 

ready for the prefs ; which, by reafon of lawfuits and, 
other avocations, he was hindered from publifhing. 

If our author was great in himfelf, he was not lefs fo . 
in his fon, Sir Dadley Digges, fe celebrated as a poli- 
tician and elegant writer. 

DIGIT, in Arithmetic, one of the ten characters 
©, Ty 29 3s 49 52 Or 7 8-99 by means of which all num-- 
bers are exprefled. 

Dict, in Aftronomy, is the meafure by which the 
part of the luminaries in ¢clipfes is eftimated, being the 
rath part of the diameter of the luminary. ‘Thus, an 
eclipfe is faid to be of ro digits, when 10 parts out of 
12 of the diameter are in the eclipfed part ; when the 
whole of the luminary is juit all covered, the digits 
eclipfed are jutt 12; and when the luminary is more 
than covered, as often happens in lunar eclipfes, then 
more than 12 digits are faid to be eclipfed : Thus, if 
the diameter or breadth of the ecarth’s thadow, where 

ney the 
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the moon paffes through, be equal to ene diameter and 
ahalf of the moon, then 18° or digits are faid to be 
eclipfed. 

Thefe digits are by Wolfius, and fome others, called 
digiti ecliptici. 

Dicit is alfo x meafure taken from the bteadth of 
the finger ; being eftimated at 3-4ths ofan inch, and 
equal to 4 grains of barley, laid breadth-ways, fo as to 
touch each other. 

DILATATION, a moticn of the parts of a body 
by which it expands, or opens itfelf, fo as to occupy a 
greater {pace. 

Many authors confound dilatation with rarefaction ; 
but the more accurate writers diftinguifh between 
them ; defining dilatation as the expanfion of a body 
into a greater bulk, by its own elattic power ; and ra- 
refaction, the like expanfion produced by means of 
heat. 

The moderns have obferved, that bodies which, after 
being compreffed, and again left at liberty, reftore 
themfelves perfectly, do endeavour to dilate themfelves 
with the fame force by which they are compreffed ; 
and accordingly they fuftain a force, and raife a 
weight equal to that with which they are compreffed. 

Aguin,- bodies, in dilating by their elaitic power, 
exert a greater force at the beginning of their dilatation, 
than towards the end; as being.at firft more compref- 
fed ; and the greater the compreffion, the greater the 
elaftic power and endeavour to dilate. So that thefe 
three, the comprefling power, the comprefiion, and the 
elattic power, are always equal. 

Finally, the motion by which comprefled bodies re- 
ftore themfelves, is ufually accelerated: thus, when 
comprefied air begins to reitore itfelf, and dilate into 
a greater {pace, it is itil compreffed ; and confequent- 
ly a new impetus is {till impreffed upon it, from the di- 
Tatative caufe ; and the former remaining, with the in- 
ereafe of the caufe, the effeét, that is the motion and 
velocity, miuft be increafed likewife. Indeed it may 
happen, that where the compreffion is only partial, the 
motion of dilatation fhall not be accelerated, but re- 
tarded ; as is evident in the compreffion of a fpunge, 
foft bread, gauze, &e. 

DILUTE. To dilute a body, is to render it liquid ; 
or, if it were liquid before, to render it more fo, by the 
addition of a thinner to it. 

DIMENSION, the extenfion of a body, confidered 
as meafurable. Hence, as we conceive a body extend- 
ed, and meafurable jn length, breadth, and depth, di- 
menfion is confidered as threefold, viz, length, breadth, 
and thicknefs. Soa line has one dimention only, viz 
length; a fuperficies two, length and breadth ;-and a 
ed or folid-has three, viz, length, breadth, and thick« 
nefs, ‘ 

Dimension is alfo particularly ufed-with regard to 
the powers of quantities in equations. Thus, in a 
fimple equation, x = a2 + 4, the unknown quantity is 
only of one dimenfion; in a quadratic equation, 
x? = a? + 4, it is of two dimeniions; in a cubic, 
x3 = 43+ $3, it is of three dimenfions ; and fo on. 

DIMETIENT, has fometimes been ufed for dia- 
mneter. 


DIMINISHED Angle, a term in Fortification. See - 


Axcir, 
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DIMINUTION, in Mufic, is the abating fomes , 
thing of the full value ar quantity of any note. 

Diminvtioy, in Archite@ture, is a’ contraétion of 
the upper part of a column, by which its diameter is 
made lefs than that of the lower part. 

DINOCRATES, a celebrated. ancient architeét of 
Macedonia, of whom feveral extraordinary things are 
related. He was taken, by Alexander the Great, into 
Egypt, where he employed him in marking out and: 
building the city of Alexandria. He formed a defign,. 
in whieh Mount Athos was to be laid out into the 
form of a man, ia whofe left hand were defigned the 
walls ofa great city, and all the rivers of the mount flow-- 
ing into his right, and from thence into the fea. An- 
other memorable initance of Dinocrates’s.archite&tonic 
fkill, is his refloring and. building, in a more auguft and 
magnificent manner than before, the celebrated temple 
of Diana at Ephefus, after Heroftratus, for the fake of 
immortalizing his name, had deftroyedit by fire. A third 
inflance, more extraordinary and wonderful than either 
of the former, is related by Pliny in his Natural Hifto- 
ry; who fays he had formed a fcheme, by building the 
dome of the temple of Arfinoé. at Alexandria of 
loadftone, to make her. image all of iron to hang in the 
middle of it, as if it were in the air ;. but the king’s 
death, and his own, prevented the execution. or. attempt 
of this project. 

DIONYSIUS, the Periegetic, an ancient geographer’ 
and poet. Pliny fays, he was a native of the Perfian. 
Alexandria, afterwards called Antioch, and at laft Char-- 
rax ; that he was fent by Auguitus, to:furvey the eatt. 
ern part of the world. Dionytius wrote a great num-- 


ber of pieces, enumerated by Suidas and his commen- ‘ 


tator Euftathius: but his. Periegefis, or Survey of the 
World, is the only one now cxtant ; which may be 
well efleemed one of the molt exaé fyftems of an. 
cient geography, fince Pliny himfelf propofed it as his: 
pattern, 

DIONYSIAN, or Vidorian Period. See Prrion. 

DIOPHANTUS, a celebrated mathematictan of 
Alexandria, who has been reputed to be the inventor 
of Algebra; at Iealt his is the carlieft work extant on 
that feience. It is not certain when Diophantus lived. 
Some have placed him before Chritt, and fome after,, 
in the reigns of Nero and the Antonines 3 but all with: 
equal uncertainty. It feems he is the fame Diophan- 
tus who wrote the Canon ronomicus, Which Suidas 
fays was commented on by the celebrated Hypatia, 
daughter of Theon of Alexandria. His reputation 
muft have been very high amorg the ancievts, fince 
they ranked him with Pythagoras and Euelid in ma- 
thematical learning. Bachet, ia his notes upon the sth 
hook De Arithmeticis, has colleed, from Diophantus’s- 


epitaph in the Anthologia, the following civeumftances-. 


of his life; namely, that he was marricd when he was 
33 years old, and had a fon born 5-years. after; that 
this fon died when he was 42 years of age, and that 
his father did not furvive him’ above 4 years; from 
which it appears, that Diophantus was 84 years old 
when he died. 

DIOPHANTUS wrote 13 books of Arithmetic, or 
Algebra, which Regiomontanus in his preface to Alfra-- 
ganus, tells us, are [till preferved in manufeript in the 
Vatican library. Indeed Liophantus. himfelf tells us: 

. that 








. 
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that his wogk confifted of 13 books, viz, at the end of 
his addrefs to Dionyfius, placed. at the beginning of 
the work ; and.from hence Regiomontanus might be 
led to fay the 13 books were in that library. 
more than 6 whole books, with part of a feventh, have 
ever been publithed; and 1 am of opinion there are 
no more in being; indeed Bombelli, in the preface to 
his Algebra, written 1572, fays there were but 6.of the 
books then in the library, and that he and another were 
about a tranflation of them. 

Thole 6 books, with the imperfe& 7th, were firft 
publithed at Bafil by Nylander in 1575, butin a Latin 
verfion only, with the Greek fcholia of Maximus. 
Planudes upon the two firft books, and obfervations of 
his own. ‘The fame books were afterwards publifhed 
in Grreck and Latin at Paris in 1621, by Bachet, an in- 
genious and Jearned Frenchman, who made anew Latin 
verfion of the work, and enriched it with very learned 
commentaries, Bachet did not entirely negleé& the 
notes of Xylander in his edition, but he treated the 
fcholialt Planudes with the utmoft contempt. He feems 
to intimate, in what he fays upon the 28th queftion of 
the 2d book, that the 6 books which we have of 


. Diophantus, may be nothing more than a collection 
. made by fome novice, 


of fuch propofitions as he judged 
proper, out of the whole 13: but Fabricius thinks there 
is no juft ground for fuch a fuppotition. 

DIOPEIANTINE Problems, are certain queftions 
relating to fquare and cubic numbers, and to right- 
angled triangles, &c 3 the nature of which were firft and 
chiefly treated of by Diophantes, in his Arithmetic, or 
rather Algebra. 

Inthefe queftions, it is chiefly intended to find com- 
menfurable numbers to anfwer indeterminate problems; 
which often bring out an infinite number of incommen- 
furable quantities, For example, let it be propofed to 
find a right-angled triangle, whofe three fides x, yy z 
are expreffed by rational numbers ; from the nature of 
the figure it is known that x? 4 y?.= 27, where z de- 
notes the hypothenufe. Now it is plain that x and y 
may alfo be fo taken, that ~ fhall be irrational ; for if 
xsz1,andy = 2, then isz = /5- 

Now the’art of refolving fuch problems, confifts in 
ordering the unknown quantity or quantities, in fuch a 
manner, that the {quare or higher power may vanifh 
out of the equation, and then by means of the unknown 
cong! in its firft dimenfion, the equation may be re- 
‘olved without having recourfe to incommen! jurables. 
For ex. in the equation above, x* + 5? = 2, fup- 
polez =x+u, then is x? + y? = x + 2x44", out 
of which equation x* vanifhes, and then it is y? = 


2 yr 





axu 4-02, which gives x = . Hence, affum- 
g 


2u 
u equal to any numbers at pleafure, the three 
3 yt pee 


ing y and 


fides of the triangle will be y,2 , and 








y 
2u 


which are all rational whenever y. and w are rational. 
For ex. ify = 3, anda=1, then 
yor 2 


= 4, and x -+u or 2 It is 








= 5. 
zu 
evident that this problem admits of infinite numbers of 
folutions, as y or u may be affumed infinitely various. 
See Arcesra, and Dioruanrtus. 
‘Abundant information on this fort of problems may 
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be found in the wyitings ofa great many authors, pare, 
ticularly Fermat, Bachet, Ozanam, Kerfey, Saunders 
fon, Euler, &c. 

DIOPTER, or Diortra, the fame with the index 
oralhidade of an aftrolabe, or other fuch inftrument. 

DIOPTRA was an initrument invented by Hip- 
parchus, which ferved for feveral ufes ; as, to level wa- 
ter-courfes; to take the height of towers, or places at 
a diftance; to determine the places, magnitudes, and 
diftances of the planets, &c. 

DIOPTRICS, called alfo anaelsftics, is the do@trine 
of refratted vifion ; or that part of Optics which ex- 
plains the effects of light as refracted by pafling through 
different mediums, as air, water, glafs, &c, and efpecial- 
ly lenfes. 

Dioptrics is one of the moft ufeful and pleafant of 
all the human {ciences; bringing the remoteft objects 
near hand, enlarging the {mallet objeéts fo as to fhew 
their minute parts, and even giving fight to the blind; 
and all this by the fimple means of the attractive power 
in glafs and water, caufing the rays of light in their 
paflage throu: h them to alter their courfe according to 
the different fubftances of the medium ; whence it hap 
pens, that the object feen, through them, do, in appear- 
ance, alter their magnitude, diftance, and fituation. 

The ancients have treated of direét and reflected vi- 
fion; but what we have of refracted vilion, is very im- 
perfeét. J. Baptiita Porta wrote a treatife on refrac- 
tion, in g books, but without any great improvement. 
Kepler was the firft who res Fs any great de~ 

e, on this yee having demonftrated the proper- 
ties of {pherical lenfes very accurately, in a treatife firit 
publithed anno 1611. After Kepler, Galileo gave fome- 
what of this doétrine in his Letters ; as alfo an Exami- 
nation of the Preface of Johannes Pena upon Euclid’s 
Optics, concerning the ufe of optics in aftronomy. Des 
Cartes alfo wrote a treatife on Dioptrics, commonly 
annexed to his Principles of Philofophy, which is one 
of his beft works; in which the true manner of vifion 
is more diftin@ly explained than by any former writer, 
and in which is contained the true law of refraction, 
which was found out by Snell, though the name of 
the inventer is {uppreffed: here are alfo laid down 
the properties of elliptical and hyperbolical lenfes, 
with the practice of grinding glaffes. Dr. Barrow has 
treated on Dioptrics in a very elegant manner, though 
rather too briefly, in his Optical Leétures, read at Cam- 
bridge. There are alfo Huygens’s Dioptrics, an excel- 
lent work of its kind. Molyneux’s Dioptrics, a work 
rather heavy and dull, Hartfocker’s Effai de Diop- 
trique. Cherubin’s Dioptrique Oculaire, et La Vi- 
fion Parfaite. David Gregory’s Elements of Diop- 
trics. Traber’s Nervus Opticus. Zahn’s Oculus Ar- 
tificialis Teledioptricus. Dr. Smith’s Optics, a com- 

Jete work of its kind. Wolfius’s Dioptrics, contained 
in his Elementa Mathefeos Univerfalis, But over all, 
the ‘Trreatife on Optics, and the Optical Leétures of 
Newton, in whofe experiments are contained far more 
difcoveries than in all the former writers. Laftly, this 
feience was perfeted by Dollond’s difcovery of the 
acromatic glaffes, by which the colours are obviated in 
refra@ting telefcopes. 

The laws of Dioptrics fee delivered under the article 
Reraraction, Lens, &c; and the application of it 
in the conftrudtion of telefcopes, mifcrofcopes, and other 

dioptrical 
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optrical inftraments, under the articles Terescore, 
-and Microscore. ; : 

DIP of the Horizon, See Depression. 

Dirrinc-Needle, or Inclinatory Needle, a mi ical 
needle, fo hung, as that, inftead of playing horizontal- 
-ly, and pointing out north and fouth, one end dips, or 
inclines to the horizon, and the other points to a certain 
degree of elevation above it. 

The inventor of the Dipping-needle was one Robert 
Norman, a compafs-maker at Ratcliffe, about the year 
25803; this is not only teftified by his own account, in 
his New Attraétive, but alfo by Dr. Gilbert, Mr. Wil- 
liam Burrowes, Mr. Henry Bond, and other writers of 
that time, or foon after it. The occafion of the difco- 
very he himfelf relates, viz, that it being his cuftom to 
finifh, and hang the needles of his compaffes, before he 
touched them, Le always found that, immediately after 
the touch, the north point would dip or decline down- 
ward, pointing in a direction under the horizon; fo 
-that, to balance the needle again, he was always forced 
to put a piece of wax on the fouth end, as a counter- 

oife. The conftancy of this effe& led him, at length, 
to obferve the precife quantity of the dip, or to mea- 
fure the greateft angle which the needle would make 
with the horizon, ‘This, inthe year 1576,,he found 
at London was 71° 50’. It is not quite certain whether 
the dip varies, as well as the horizontal dire@tion, in the 
fame place. Mr. Graham made a great many experi- 
ments with the dipping-needle in 1723, and found the 
dip between 74 and 75 degrees. Mr. Nairne, in 1772, 
found it fomewhat above 72°. And by many obferva- 
tions made fince that time at the Royal Society, the 
medium quantity is 72°}. ‘The trifling difference be- 
tween the firft obfervations of Norman, and: the lait of 
Mr. Nairne and the Royal Society, lead to the opinion 
that the dip is unalterable ; and yet it may be difficult 
to account for the great difference between thefe and 
Mr. Graham’s numbers, confidering the well-known 
accuracy of that ingenious gentleman, Philof. 'Tranf. 
vol. 45, pa 279, vol. 62, pa. 476. vol. 69; 70, 71. 

It 16 certain however, from many experiments and 
ebfervations, that the dip is different in different lati- 
tudes, and that it increafes in going northward. It 
appears from a table of obfervations made with a ma- 
rine dipping needle of Mr. Nairne’s, in a voyage to- 
wards the north pole, in 1773, that 

in latitude 60° 18' the Dip was 75° 0, 

in latitude 7o 45 the Dip was 77 52, 

in latitude 80 12 the Dip was 81 §2, and 

in latitude 80 27 the Dip was 82 2}. 

See Phipps’s Voyage, pa. 122. See alfo the Obferva- 
tions of Mr. Hutchins, made in Hudfon’s Bay and 
Straits, Philof. Tranf. vol. 65, pa. 129. ; 

Burrowes, Gilbert, Ridley, Bond, &c, endeavoured to 
apply this difcovery of the dip to the finding of the la- 
titude ; and Bond, going ftill farther, firt of any pro- 
poe finding the longitude by it ; but for want of ob- 
ervations and experiments, he could not go any length. 
Mr. Whilton, being furnifhed with the farther obferva- 
tions of colonel Windham, Dr. Halley, Mr Pound, Mr. 
Cunningham, M. Noel, M, Feuille, and his own, made 
great improvements in the doctrine and ufe of the dip- 
ping-needle, brought it to more certain rules, and endea- 
voured in good carneft ta find the longitude by it: For 
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this purpofe; he obferves, 1ft, That the tye tendency 
of the north or fouth end of every magnetic needle, is 
not to that point of the horizon, to which the horizon- 
tal needle points, but towards another, dire@tly under 
it, in the poe vertical, and in different degrees under 
it, in different ages, and at different places. 2dly, That 
the power by which the horizontal needle is governed, 
and all our navigation ufually direéted, it is proved is 
only one quarter of the power by which the dipping- 
needle ia moved ; which fhould render the latter far the 
more effe€tual and accurate inftrument. 3dly, That a 
dipping-needle of a foot long will plainly thew an altera- 


“tion of the angle of inclination, 1n thefe parts of the 


world, in half a quarter of a degree, or 71, geographi- 
cal miles ; and a needle of 4 feet, in 2 or 3 miles; i. ¢. 
fuppofing thefe diftances taken along, or near a meri- 
dian, 4thly, A dipping-needle, 4 feet long, in thefe 
parts of the world, will thew an equal alteration along 
a parallel, as another of a foot long will thew along 
a meridian; i. e. that will, with equal exactnefs, fhew 
the longitude, as this the latitude. 

This depends on the pofition of the lines of equal 
dip, in thefe parts of the world, which it is found do 
lic about 14 or 15 degrees from the parallels. Hence 
he argues, that as we can have needles of 5, 6, 7, 8, or 
more feet long, which will move with ftrength fufficient 
for exaét obfervation ; and fince microfcopes may be 
applied for viewing the fmalleft divifions of degrees on 
the limb of the inftrument, it is evident that the longi+ 
tude at land may thus be found to lefs than 4 miles. 

And as there have been many obfervations made at 
fea with the fame inftrument by Noel, Feuille, &c, 
which have determined the dip ufually within a degree, 
fometimes within 4 or { of a degree, and this with 
{mall needles, of 5 or 6, or at the moit 9 inches long ; 
it is inferred, that the longitude may be found, even at 
fea, to lefs than half a quarter of a degree. This pre- 
mifed, the obfervation itfelf follows. 

To find the Longitude or Latitude by the Disping- 
Needle.—If the lines of equal dip, below the horizon, 
be drawn on maps, or fea-charts, from good obferva- 
tions, it will be eafy, from the longitude known, to 
find the latitude; and from the latitude known, to find 
the longitude either at fea or land, 

Suppofe, for example, a perfon travelling or failing 
along the meridian of London, fhould find that the 
angle of dip, with a needle of one foot, was 75°; the 
cliart will thew that this meridian, and the line of dip, 
meet in the latitude of 53° 11'; which.is therefore the 
latitude fought, 

Or if he be travelling or failing along the parallel 
of London, i. . in 51% 31’ north latitude, and find the 


i angle of dip 74°; then this parallel, and the line of this 


dip, will meet onthe map in 1° 46° of eaft longitude 
from London ; which therefore is the longitude fought. 

DIRECT, in Arithmetic, is when the proportion of 
any terms, or quantities, is in the natural or dire or- 
der in which they ftand ; being the oppofite to inver/e, 
which confiders the proportion in the inverted order of 
the terms. So, 3:42: 6:8 diredly; or 34.4 258:6 
inverfely. 

Rule of Three Dinecr, is when both paira of terms. 
are in dire proportion, 


Dinecr, in Aftronomy. A planet is faid ta be di- 


watt 


‘BYR 
Wed, or itstmotion direct, when it goes forward by its 
prover motion inthe zodiac, according to the fuccef- 
‘Bon or arder of the figns; or when it appeara fo to 
‘do, to an obferver landing upon the earth, Whereas 
it is faid to be, or to move retrograde, when it appears 
to go the contrary way, or backward; and to be /la- 
ficvary; when it feems not to move either way. 

Diaser Dial. See Diat and Drartrixe. 

- Diexet, in Optics. Dire vifton is that perform. 
ed by direét rays ; in contradiftin@ion to vision by re- 
‘fraéted, or refleGted rays. Direét vifion is the fubje& 
of Optics, which prefcribes the Jaws and rules of it. 

Direct Rays, are thofe which pafs on in right lines 
from the obje& to the eye, without being turned out 
of their reétilinear direGlion by any intervening body, 
either opaque or pellucid ; or without being either re- 
fieéted or refracted. 

Direct Sphere. See Rrout Sphere, 
yn DIRECTION, in A ftronomy, the motion and other 
‘phenomena of a planet, when direct. 

Direcrion, in Aftrology, is a kind of calculus, by 
which they pretend to find the time in which any not- 
able accident fhall befall the perfon whofe horofcope 
is drawn. 

For inftance, having eftablifhed the fun, moon, or 
alcerdant, as mafters or fignificators of life ; and Mars 
or Saturn as promifers or portenders of death ; the di- 
reGtion is a calculation of the time in which the figni- 

‘ficator thall meet the portender. 

The fignificator they likewife call apheta, or giver of 
life; and the promifer, anereta, promiffor, or giver of 
death. 

They work the direétions of all the principal points 
of the heaves and ftars, as the afcendant, mid-heaven, 
“Tun, moon, and part of fortune. The like is done for 
the planets and fixed flars ; but all differently, accord- 
ing to the different authors. 

‘Line of Direction, in Gunnery, is the direét line 
in which a piece is pointed. Sometimes a line. of di- 
rection is marked on the upper fide of the gun, by a 
{mall notch or flit, or knob, in the bafe and muzzle 
rings: but, unlefs the two wheels of the carriage ftand 
equally high, this line will be fallacious ; for which rea- 
fon the gunners commonly find a new line of dire€tion 
every time, by means of a plummet. 

Line of Direction, in Mechanics, dehotes the line 
in which a body moves, or endeavours to proceed. 

Angle of Direction, is that comprehended between 
the lines of diretion of two confpiring powers. 

Quantity of Direction, is ufed for the produé arif- 
ing from multiplying the velocity of the common cen- 
tre of gravity, in a fyftem of bodies, by the fum of 
their maffes. In the collifion of bodies the quantity of 
direftion is the fame both before and after the impulfe. 

Direction of the Load Stone, that property by which 
the magnet, or a needle touched by it, always prefents 
one of its ends toward one of the poles of the world, 


and the oppofite end to the other pole. This is alfo 


called the polarity of the magnet or needle. 

The attraGtive property of the magnet was known 
long before its direétive ; and the direétive long before 
the inclinatcry. : 

Numler of Direction, is the number of days that 
Septuagefima Sunday falls after the 17th of January. 
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- DIRECTLY, in Geometey:: we fuy two Iines lie dt. 
re€tly againit each other, when they are parts of the 
fame right line. Alfo quantities are faid to be direct- 
ly proportional, when the proportion is according to 
the order of the terms ; in contradiitinGtion to inverfely, 
or recigrocally proportional, which is taking the pro- 
portion contrary to the order of the terms, wee 

In Mechanics, a body is faid to ftrike or impinge 
dircétly againft another body, when the ftroke is in a di- 
reGion perpendicular to the furface at the point of im- 

act. 

And a {phere in particular flrikes dire@ly againft 
another, when the line of direétion pafles through both 
their centres. 

DIRECTRIX. See Diaicenr. 

Diaectrix, ina Parabola, a line perpendicular to 
the axis produced, at the diltance of the focus without 
the vertex. : ; 

DIRIGENT, a term exprefling the line of motion, 
along which 2 defcribent line, or furface, is carried in 
the genefis of any plane or folid figure. 

Thus, if the line AB move 

arallel to itfelf, and along the E r 

ine AD, fo that. the point A 
‘always keeps in the line AD, ive 
and the point Bin the line BCs 

a paratietc ram ABCD willbe 5 \ 
formed ; & which the line AB 

is the defcribent, and the line 
AD the dirigent. So alfo, if 
the furface ABEG be fuppofed carried along the line 
AD, ina pofition always patallel to itfelf at its firft 
fituation, the folid AF will be formed ; where the fur. 
face AE is the defcribent, and the line AD is the di- 
rigent. 

DISC, or Disx, the body or face of the fun or 
moon ; fuch as it appears to us; for though they be 
really {pherical bodies, they are apparently circular 

lanes. 

The diameter of the dife is confidered as divided into 
12 equal parts, called digits ; by means of which it is, 
that the magnitude of an eclipfe is meafured, or eftima- 
ted.—In a total eclipfe of either of thofe luminaries, 
the whole dife is obfcured, or darkened ; in a partial 
eclipfe, only part of them, 

Hluminated Disc of the Earth. 
lumination. : 

Disc, in Optics, the magnitude of a telefcope glafs, 
or the width of its aperture, whatever its figure be, 
whether a plane, convex, menifcus, or the like. 

DISCHARGER, or Discuarcine Red, in Elec- 
tricity, confifts of a handle of glafs or baked wood, A, 


A D 


See Cincre of Il- 





and two bent metal rods BB, terminating in points, 
and capable of being fcrewed into the knobs DD, which 
move" 


Dis : 


mdve by a joint C, fixed to the handle A. Thus it 
may be ufed either with the points or balls, as occafion 
requires ; and by being made moveable on a joint, it 
may be applied to larger or {maller jars at pleafure. By 
bringing one of thefe , eae or points to one coated fide 
of a charged ele€tric, and the other to the other fide, 
or to any condudtor connedied with it, the communi- 
cation is completed between the two fides, and the 
eletric is difcharged, 

For the defcription and ufe of an Univerfal Dif- 
charger, by Mr. Henly, with which many curious ex- 
periments may be performed, fee Cavallo’s Eletricity, 
pa. 164. 

DISCORD, the relation of two founds which are 
always, and of themfelves, difagreeable, whether ap- 
plied in fucceffion or confonance, 

DISCOUNT, or Rebate, is ufed for anallowancemade 
ona bill, or any other debt not yet become due, in con- 
fideration of making prefent payment of the bill or debt. 

Among merchants and traders, it is afual to allow a 
fum -for difcount that is equal to the intereft of the 
debt, calculated for the time till it becomes due: but 
this is not juft ; for as the true value of the difcount is 
‘€qual to the difference between the debt and its prefent 
worth, it is equal only to the intereft of that prefent 
worth, initead of the mtereft on the whole debt. And 
therefore the rule for finding the true difcount is this : 

As the amount of tool, for the given rate and time : 

Is to the given fum or debt : : 

So is the intereft of rool, for the given rate and time : 

''To the difcount of the debt. 

So that, if p be the principal or debt, r the rate of 
rintereft per cent. and ¢ the time ; 
prt 


ico? which is the true 


difcount. Hence alfo p — Sm = = 


prefent worth, or fum to be received. 

For ex. Suppofe it be required to find the dif. 
count of 250l, for five months, at the rate of 5 per 
cent. per annum intereft. Here p=250, r=5, and 
#= 5 or 5 months; then 

prt _ 250X5 XS, 250 X25 __ 250 
1oo-fri™ 1004+5X, 1200425 49 
51. 25.45 the difcount fought. 

A. Vable of Difcounts may be feen in Smart’s Ta- 
bles of Intereft, the ufe of which makes calculations 
of difcount very eafy, 

Discount is alfo the name of a rule in books of 
Arithmetic, by which calculations of Difcount are made. 

DISCRETE, or Disyuncr, Proportion, is that in 
which the ratio between two or more pairs of numbers 
is the fame, and yet the proportion is not continued, 
fo as that the ratio may be the fame between the con- 
fequent of one pair and the antecedent of the next pair. 

Thus, if the numbers or proportion 6 : 8 :: 3:4 be 
confidered: the ratio of 6 to 8 is the fame as that of 
3 to4, and therefore thefe four numbers are propor- 
tional: but it is only dicretely or disjun@ly, and not 
continued ; for 8 to 3 is not the fame ratio as the for- 
mer; that is, the proportion is broken off between 8 
_ 3a an not continued all along, .as it is in thefe fol- 

on 1 3 
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lowing four nitmbers, which are called conpihual propor 
fionals, viz, 3:62: 12224. ~ : 7 
Discrete Quantity, isfach as is not continued and 


joined together.. Such for inftance is any number ; for 


its parts, being diftin& units, cannot be united into 
one continuum ; for in a continuum there are no actual 
determinate parts before divifion, but they are poten- 
tially infinite: fo that it is ufually and truly faid that 
continued quantity is divifible in infinitum. 

DISDIAPASON, in Mufic, a compound con- 
cord, in the quadruple ratio of 4 to 1, being a fif- 
teenth or double eighth, and is produced when the 
voice goes from the firft tone to the fifteenth. 

DISJUNCT Proportion. See Discrete Proportion, 

DISK. See Disc. : 

DISPART, a term in Gunnery, ufed for a mark 
fet upon the muzzle-ring. of a piece of ordnance, of 
fuch height, that a fight-line taken from the top of 
the bafe ring near the vent or touch-hole to the top of 
the difpart near the muzzle, may be parallel to the 
axis of the concave cylinder; for which reafon it is 
evident that the height of the difpart is equal to the 
difference between the radii of the piece at the bafe and 
muzzle-rings, or to half the difference of the diame- 
ters there. Hence comes the common method of dif. 
parting the gun, which is this: Take, with the cali- 
pers, the two diameters, viz, of the bafe ring and the 
place where the difpart is to ftand, fubtraét the lefs 
from the greater, and take half the difference, which 
will be the length of the difpart, which is commonly 
cut to that length from a fmall bit of wood, and fo 
fixed upright in its place with abit of wax or pitch. 

DISPERSION, in Dioptrics, is the divergency 
of refraéted rays of light. 

Point of Dispersion, is a point from which ree 
fra€ted rays begin to diverge, when their refraGtion 
renders them divergent.—It is called point of difperfion 
in oppofition to the point f concourfe, or point in which 
converging rays concur after refraction. But it is more 
ufual to call the latter the focus, and the former the 
virtual focus. 

Dispersion of Light, occafioned by the refrangibi- 
lity of the rays, or the nature of the refracting medi~ 
um. See Aperration, and InFLecrion. 

DISSIPATION, in Phyfics, a gradual, flow, in 
fenfible lofs or confumption of the minute parts of a 
body ; or, more properly, the flux by which they fly 
off and are loft. See Erriuvia. ‘ 

Circle of Dissipation, or ABERRATION, in Optics, 
denotes that circular {pace upon the retina of the eye, 
which is occupied by the rays of each pencil in indifting® 
vifion : thus, jf the diftance of the objeét, or the confti- 
tution of theeye, be fuch, that the image falls beyond 
the retina, as when objects are too near ; or before the re- 
tina, when the rays have not a fufficient divergency, the 
rays of a pencil, inftead of being colleted into a central 
point, will be diffipated over this circular fpace: and, 


“all other circumflances being alike, this circle will be, 


greater or lefs, according to the diltances from the re+ 
tina_of the foci of refraéted rays. But this circle 
caufes no perceptible difference ini the diftinGinefs of 
vifion, unlefs it exceed a certain magnitude; as {oon 
as that is the cafe, we begin to perceive an indifting- 
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nefs, which; increafes as that circle increafes, till at 
length the object is lo in confufion. This circle is 
alfo greater or lefs, according to the greater or lefs 
magnitude of the vifible object: and though it be not 
eafy to align the diameter of the faid circle, it feems 
very probable that vifion continues diftin® for all fuch 
diftances, or fo long as thefe circles, or “the pencils of 
light from them, do not touch one another upon the 
fetina ; and the indiftin@tnefs begins when the faid cir- 
cles begin to interfere. It has been often obferved, 
that a precife union of the refpective rays upon the re- 
tina, isnot neceflary to diftin& vifion ; but the firft au- 
thor who afcertaincd the fat beyond all doubt, was 
Dr. Jurin. See a variety of obfervations and experi- 
ments on this fubjeét, in his Eflay on Diftin& and In- 
diftin Vifion, in Smith’s Optics, Appendix. In the 
Philof. Tranf. for 1789, pa. 256, is an excellent pa- 
per on this fubject by Dr. Mafkelyne; in which he 
computes the diameter of the circle of diffipation at 
002667 of an inch, making it anfwer to an external 
angle of 15°, which he thews is very compatible with 
diftine vifion. See alfo Moon, and Vision. 

Radius of Dissipation, is the radius of the circle 
of diffipation. 

DISSOLVENT, fomrething that diffolves; i. e. 
divides, and reduces a body into its {malleft parts. 

DISSOLUTION, is a feparation of the ftruure 
of a body, into {mall or minute parts. 

' According to Newton, and others, this is effected 
by certain powerful attraGtions. 

: DISSONANCE, or Discorp, is a falfe confo- 
nance or concord; being produced by the mixture or 
meeting of two founds which are difagreeable to the ear. 

DISTANCE, properly fpeaking, denotes the fhort- 
eft line between two points, objeéts, &c. 

Disrawce, in Aftronomy, as of the fun, planets, 
comets, &c. 

‘The Real Diftances are found from the parallaxes of 
the planets, &c. See Paratiax, and PLanert, and 
Transit. The diftance of the earth fromthe fun has 
been determined at g§ millions of miles, by the late 
tranfits of Venus; and from this one real diftance, 
and the feveral relative diftances, by analogy are found 
all the other real diftances, as in the table below. 

‘| The Proportional or Relative Diftances of the pla- 
nets are very well deduced from the theory of gravity: 
for Kepler has long fince difcovered, and Newton has 
demonttrated, that the fquares of their periodical times 
are proportional to the cubes of their diftances. Kep- 
ler’s. Epit. Afton, lib. 4 3 Newton’s Principia, lib. 3, 

hen. 4; and Gregory’s Aftron. book 1, prop. 40. 

f therefore the mean diftance of the earth from the 
fun be affumed, or fuppofed 10000, we fhall then, 
from the foregoing analogy, and the known periodi- 
cal times, obtain the relative diftances of the other pla- 
nets: thus, 


The Periodical Revolutions in Days and Parts. 
Mercury. Venus. Earth. Mars. Jupiter, Saturn, Herfchel. 
877% 22434 3654 68654 43324 107597 30445 
Relative Mean Diftances from the Sun. 


3871 7233 0000 15237 §2010 95401 190818 
ae Real Diftance in Millions of Miles. 
$7 6 = 95 MAS 493% 9035 = 4813 
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“For the diftancesof the fecondary planets from the 
centres of their refpetive primaries, fee SATELLITES. 

As to that of the fixed ftars, as having no fenible 
parallax, we can do little more than guefs at. 

Distance of the Sun from the Moon's node, ox apogee, 
is an arch of the ecliptic, intercepted between the 
fun’s true place and the moon’s node, or apogee. See 
Nope. 

Curtate Distance. Sce Curtare. 

Distance of the Baftions, in Fortification, is the fide 
of the exterior polygon. 

rs Distances, in Geometry, are. meafured 
with the chain, decempeda or ten-foot rod, or the life, 
. Inaccefible Distances, are found by taking bear- 
ings to them, from the two extremities of a line whole 
length is given. Various ways of performing this may 
be feen in my Treatife on Mentaration, fc. 3, on 
Heights and Diftances. ; 

Distance, in Geography, is the arch of a great 
circle intercepted between two places. 

To find the diftance of two 
places, A and B, far remote from 
each other. Affume two ftations, 
Cand D, from which both the 
places A and B may befeen; and A B 
there, with a theodolite, obferve . 
the quantity of the angles ACD, 

BCD, ADC, BDC, and mea- 
fure any diftance as AC. 

_ Then, in the triangle ACD, there are given the an- 
Jes ACD, ADC, and the fide AC; to find the fide 

D.—Next, in the triangle BCD, there are given the 
angles BCD, BDC, and the fide CD; to find the fide 
BC.—Laftly, in the triangle ABC, there are given 
the angle ACB, and the fides AC, CB; to find the 
fide Ab, which is the diftance fought. : 

And in thefe operations, the triangles may be com-" 
puted either as plane triangles, or as fj herical ones, as 
the cafe may require, or according to the magnitude of 
the diftances. 

The Distance of a remote obje@ may alfo be found from 
its height. This admits of feveral cafes, according as 
the diftances are large or {mall, &c. 1ft, Suppofe that 
from the top of a tower at A, whofe height AB is 
120 feet, there be taken the angle BAC = 33°, and 
the angle BAD = 64°%, to two trees, or other ob- 
je&s, C, D; to find the diftance between them cD, 
and the diftance of each from the bottom of the 
tower at B, 


Cc 









C 





b 
Firft, ‘vad. : tang. 2 BAD :: AB: BD = 251585, - 
next, rad. : tang. 4 BAC :: AB: BC = 97°92 


their difference is the diit. CD = 1737656. 





2d, Suppofe™ 


DIS 


2d, Suppofe it be tequired to find the diftance to 


which an obje&t can be teen, by knowing its altitude; . 


ex. gr. the Pike of Teneriffe, whofe eight is ac- 
counted 3 miles above the level of the fea, fuppofing 
the circumference of the carth 25,060 miles, or the di- 
ameter 7958 miles. Let FG be the radius = 3979, 
EF = 3 the height of the mountain, and EI a tan- 
gent to the carth at the point H, which is the fartheft 
diftant point to which the top of the mountain E canbe 
feen. Here in the right angled triangle EGH, are given 
the hypothenufe EG = 3982, and the leg FG= 39793 
to find the other leg HE = 154! miles = the diftance 
fought nearly. Or, rather, as EG: GH :: rad. : co- 
fin, 2 G= 2° 13/4; then as 360° : 2° 13/2 3: 25,000 
2 154% miles = the arch of ditt, HF fought, the fame 
as before. 

3d, If the eye, inftead of being in the horizon at H, 

were elevated above it at I, any known height, as 
fuppofe 264 feet, or ,',th of a mile, as on the top ofa 
fhip’s matt, &c; then the mountain can be feen much 
farther off along the line IE, and the diftance will be 
the two tangents IH and HE, or rather the two arcs 
KH and HF. ‘Hence, as above, as IG : GH :: rad. 
cofin, 2 I1GH = 175 then as 360° : 19’3 :: 25,000 
.2 20 miles = the arc KH: this added to the former 
‘arc HF = 154%, makes the whole arc KF = 1744 
miles, for the whole diftance to which the top of the 
mountain can be feen in this cafe. 

Apparent Distance, in Optics, that diftance which 
we judge an object is placed at when feen afar off, be- 
ing ufually very different from the true diftance; be- 
caufe we are apt to think that all very remote objeats, 
whofe parts cannot well be diftinguithed, and which 
have no other objeé&t in view near them, are at the 
fame diftance from us, though perhaps the one is thou- 
fands of miles nearer than the other, as is the cafe with 
regard to the fun and moon. 

M. De la Hire enumerates five circumftances, which 
affft usin judging of the diftance of objects; viz, 
their apparent magnitude, the ftrength of the colour- 
ing, the dire€tion of the two eyes, the parallax of the 
objets, and the diftinétnefs of their {mall parts. On 
the contrary, Dr. Smith maintains, that we judge of 
diftance principally, or folely, by the apparent magni- 
tude of objects ; and concludes univerfally, that the ap- 
parent diftance ofan object feen in a glafs, is to its ap- 
parent diftance feen by the naked eye, as the apparent 
magmtude to the naked eye is to its apparent magni- 
tude in the glafs: But it was long fince obferved by 
Alhazen, that wedo not judge of diftance merely by 
the angle under which objeéts are feen ; and Mr. Ro- 
bins clearly fthews thet Dr. Smith’s hypothefis is con- 
trary to fa&, in the moft common and fimple cafes, 
Thus, if a double convex glafs be held upright before 
fome Juminous objeé&, as a candle, there will be feen 
two images, one erect, and the otherinverted ; the firtt 
is made fimply by reflexion from the nearett furface ; 
the fecond by reflexion from the farther furface, the 
rays undergomg a refraction from the firit furface both 
-before and after the reflexion, If this glafs has not too 
fhort a focal diflance, when it is held near the object, 

. the inverted image will appear larger than the other, 
andalfo nearer; but ifthe glafs be carried off from the 
objedt, though the eye remain as near to it as before, 
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the inverted image will be diminithed fo ‘much faite 
than the other, that at length it will appear much lefy 
than it, but till nearer. Tere, fays Mr. Robins, two 
images of the fame obje& are feen under one view, and 
their apparent diftances immediately compared ; and it 
is evident that thofe diftances have no neceffary.connex- 
i6n with the apparent magnitude. This experiment 
may bé made {till more convincing, by fticking a piece 
of paper on the middle of the lens, and viewing it 
through a fhort tube. He obferves farther, that tlie 
apparent magnitude of very diftant obje&s ig neither 
determined by the magnitude of the angle only under 
which they are feen, nor is the exact proportion of that 
angle compared with their true diftanee, but is com- 
pounded alfo with a deception concerning that diftance ; 
fo that if we had no idea of difference in the diftance 
of objeéts, each would appear in magnitude propor. 
tional to the angle under which it was hen 3 and if-our 
apprehenfion of the diftance were always juft, our idea 
of their magnitude would be unvaried, in all diftances; 
but in proportion as we err in our conception of their 
diftance, the greater angle fuggefts a greater magpi- 


tude. By not attending to this compound effet, Mr. 
Robins apprehends that Dr Smith was led into his mif- 
take. 


Dr. Porterfield has made feveral remarks on the five 
methods of judging concerning the diftance of objects 
above recited from M. De Ta Hire s and he has alfo 
added to them one more, viz, the conformation of 
each eye, See Circle of Dissiration. This, he fays, 
can be of no ufe to us, with refpeé to objeéts that are 
placed without the limits of di in vifion, But the 
greater or lefs confufion with which the object appears, 
as it is more or lefe removed from thofe limits, -will af. 
fit the mind in judging of its diltance: the more con- 
fufed it appears, the othe will it be thought diftant.’ 
However, this confufion has its limits; for when an 
obje& is placed at a certain diftance from the eye, to” 
which the breadth of the pupil bears no fenfible propor. 
tion, the rays proceeding from a point in the object may 
be confidered as parallel ; in which cafe, the piture on 
the retina will not be fenfibly more confufed, though 
the objec be removed to a much greater diftance. ‘The 
moft univerfal, and often the moit fure means of judg- 
ing of the diftance of objes, he fays, is the angle 
made by the optic axes: our two eyes are like two 
different tations, by the affiftance of which, diftances 
are taken; and this is the reafon why thofe perfons 
who have loft the-fight of one eye, fo frequently mifs 
their mark in pouring liguor into a glafs, fnuffing a 
candle, and fuch other aétions as require that the dif. 
tance be exactly diftinguifhed. With refpe@ to the 
method of judging by the apparent magnitude of obs 
jects, he obferves that this can only ferve when we are 
otherwife acquainted with their real magnitude, Thus 
ke accounts for the deception to which we are Hable in 
ellimating diftances,. by any extraordiary magnitudes 
that terminate them ; as, in travelling towards a large 
city, caitle, or cathedral, we fancy they are nearer than 
they really are. Hence alfo, animals and {mall objeds 
feen ina valley contiguous to large mountains, or on 
the top of a mountain or high building, appear exceed- 
ingly {mall Dr. Jurin accounts for the lat recited phe- 
nomenon, by obferving that we have no diftingt idea of 
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diftance in that oblique direGtion, and therefore judge 
of them merely by their piGtures on the eye. 

Dr. Porterfield obferves, with refpe& to the firength 
of colouring, that if we are’affured they are of a fimi- 
Jar-colour, and one appears more ae and lively than 
the other, we jadge that the brighter object is the 
nearer. When the {mall parte of objects appear con- 
fafed, or do not appear at all, we judge that they are 
ata great diftance, and vice verfa ; becaufe the image 
of any object, or part of an objc&, diminifhes as the 

_diftance of it increafes, Finally, we judge of the dif- 
tance of objeéts by the number of intervening bodies, 
by which it is divided into feparate and diftinct parts ; 
and the more this is the cafe, the greater will the dif 
tanceappear. Thus diftances upon uneven furfaces ap- 
pear lefs than upon a plane, becaufe the inequalities do 


“not appear, and the whole apparent diftance is dimi-’ 


nifhed by the parts that do not appear in it: and thus 
+ the banks of a river appear contiguous to a diffant eye, 
when the river is low and not feen. Accidens de la 
Vue, pa. 358. Smith’s Optics, vol. 1, pa. 52, and 
Rem. pa. 51. Robins’s Traéts, vol. 2, pa. 230, 2475 





25%. Porterfield on the Eye, vol. 1, pa. 105, vol. 2, 
pa. 387. Sec Prieftley’s Hitt. of Vifion, pa. 205, and 
pa. 689. 
Distance, in Navigation, is the number of miles 
or leagues that a fhip has failed from any point or place. 
See Satine. i 
fpeétive, isa right line drawn Py 
fon the eye to the principal a a 
int : as the line OF, drawn 
Between the eye at O, and the \ 
principal point F. As this is = 
endicular to the plane, or 
table. 
Point of Distancr, in Perfpeétive, is a point in 
the horizontal line at the fame diftance from the prin- 
_ eipal point, as the eye is from the fame. Such are the 
points P and Q, in the horizontal line PQ, whofe dif- 
tance from the principal point F, is equal to that of the 
DISTINCT Ba/e, in Optics, is that diftance from 
the pole of a convex glafs, at which objects, beheld 
‘through it, appear diftin& and well defined: fo' that 
‘the Drftinét bafe is the fame with what is otherwife 
called the focus. 
~ "The Diftiné bafe is caufed by the colle&tion of the 
a fingle point in the reprefentation: and therefore con- 
cave glafles, which do not unite, but featter and diffi- 
pate the rays, can have no real Diftin& bafe. 
Distinér Vifion. See Vision. 
DITCH, in Fortification, called alfo Fo/s, and 
‘Moat, isa trench dug round the rampart, or wall of a 
Ditches are either dry, or wet, that is having water 
jn them; both of which have their particular advan- 
tages. The earth dug out of the ditch ferves to raife 
the rampart. 
The ditch in front fhould be of fuch breadth as that 
gall trees may not reach over it, being from 12 to 24 


Line of Distance, in Per- 
‘able, it is therefore the diftance of the eye from the 
eye from the fame F. 
‘rays proceeding from a fingle point in the objet, into 
fortified place, between the fcarp and counterfcarp. 
- fathoms wide, and 7 or 8 feet deep. ‘The ditches on 
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the fides are made fmaller. But the moft general rule’ 
is perhaps, that the dimenfions of the ditch be {uch as 
that the earth dug out may be fufficieat to build the 
rampart of a proper magnitude. The {pace fometimes 
left between the rampart and ditch, being about 6 or 8 
feet, is called the berm, or lif, ferving to pafs and res 
pals, and to prevent the earth from rolling into the 
ditch, 

DITONE, in Mufic, an interval comprchending 
two tones, a greater and a lefs. The ratio of the 
founds that form the Ditone, is of 4 to 5; and that of 
the femi-ditone, of 5 to 6. 

DITTON (Humpnrey), an eminent mathemati-~ 
cian, was born at Salifbury, May 29, 1675. Being an 
only fon, and his father obferving in him an extraor~ 
dinary good capacity, determined to cultivate it witha 
good education. ‘For this purpofe he placed ina. 
reputable private academy ; upon quitting of which, he, 
at the defire of his father, though againfl his own incli+ 
nation, engaged in the profeffion of divinity, and be- 
ganto exercife his function at Tunbridge in the county 
of Kent, where he continued to preach fome years 5, 
during which time he married a lady of that place. 

But a weak conftitution, and the death of his father, 
induced Mr. Ditton to quit that profeffion, And at 
the perfuafion of Dr. Harris and Mr. Whifton, both 
eminent mathematicians, he engaged in the fludy of 
mathematics, a {cience to which he had always a ftrong 
inclination. In the profecution of this fcience, he was 





much encouraged by the fuccefs and applaufe he rcp 


ceived: being greatly efteemed by the chief profeffors 
of it, and particularly by Sir aac Newton, by whofe 
intereft and recommendation he was eleéted mafter of” 
the new Mathematical School in Chrift’s Hofpital ; 
where he continued till his death, which happened in 
1715, in the goth ycar of his. age, much regretted by 
the philofophical world, who expe&ed many ufeful and 
ingenious difcoveries from. his affiduity, learning, and 
penetrating genius. - . 

Mr. Ditton publithed feveral mathematical and other 
traGts, as below.—1. Of the Tangents of Curves, &Ce 
Philof. Tranf. vol. 23.. : 

2. A Treatife on Spherical Catoptrics, publithed in: 
the Philof. 'Tranf. for 1705; from whence it was co~ 
pied and reprinted in the Ada Eruditorum 1707, and 
alfo in the Memoirs of the Academy of Sctences at 
Paris. : < 

3. General Laws of Nature and Motion; 8vo, 1705. 
Wolfius mentions this work, and fays, that it illuftrates 
and renders eafy the writings af Galileo, Huygens, 
and the Principia of Newton. It is alfo noticed by 
La Roche, in the Memoires de Literature, vol. 8, 

a. 46. 

P 4. An Inflitution of Fluxions, contaiting the firft Prins 
ciples, Operations, and Applications, of that admirable 
Method, as invented by Sir Ifaac Newton; 8voy 1706. 
This work, with additions and alterations, was. again 
publifhed by Mr. John Clarke, in the year 1726. 

5. In 1709 he publifhed the Spat Algebraica of 
John Alexander, with many additions and correCtions, 

6. His Treatife on Perfpedtive was publithed in 1712. 
In this work he explained the principles of that art 
mathematically ; and befides teaching the methods 
then generally praGtifed, gave the firft hints of the a4 
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omethod afterward enlarged upon and improved by Dr, 
Brook Taylor ; and which. was-publithed in the year 
IFS. : 

7. In 1714, Mr. Ditton publifhed feveral pieces, 
both theological and mathematical; particularly his 
Difcourfe on the Refurredion of Fefus Chrift 3 and The 
New Law of Fluids, or a Difcourfe concerning the Af- 
cent of Liquids, in exatt Geometrical Figures, between 
two nearly contiguous Si mate To this was annexed a 
tra&, to demonttrate the impoffibility of thinking or 
perception being the refult of any combination of the 
parts of matter and motion: a fubjeé&t much agitated 
about that time. To this work alfo was added an ad- 
vertifement from him and Mr. Whitton, concerning a 
method for difcovering the longitude, which it feems 
they had publithed about half a year before. This at- 
tempt probably coft our author his life; for although it 
was approved and countenanced by Sir Haac Newton, 
before it was prefented to the Board of Longitude, and 
the method has been fuccefsfully put in practice, in 
finding the longitude between Paris and Vienna, yet 
that Board then. determined againft it: fo that the dif 
appointment, together with fome public ridicule (par- 
ticularly in a poem written by Dean Swift), affected 
his health, fo that he died the enfuing year, 1715. 

In an account of Mr. Ditton, prefixed to the German 
tranflation of his Difcourfe on the Refurreétion, it is 
faid that he had publifhed, in his own name only, ano- 
ther method for finding the longitude ; but which Mr. 
Whitton denied. However, Raphael Levi, a learned 
Jew, who had ftudied under Leibnitz, informed the 
German editor, that he well knew that Ditton and 
Leibnitz had correfponded upon the fubje@ ; and that 
Ditton had fent to Leibnitz a delineation of a machine 
he had invented for that purpofe; which was a piece 
of mechanifm conftruéted with many wheels like a 
clock, and which Leibnitz highly approved of for land 
ufe; but doubted whether it would anfwer on fhip- 
board, on account of the motion of the fhip. 

DIVERGENT Point. See Virtual Focus. 

Divercent, or Divercine Lines, in Geometry, 
ase thofe whofe diitance is continually increafing.— 
Lines which diverge one way, converge the other 
way. ; 

Divercent, or Divercine, in Optics, is particu- 
Tarly applied to rays which, ifluing from a radiant point, 
or having, in their paflage, undergone a refraction, or re- 
flexion, de continually recede farther from each other. 

In this fenfe the word is oppofed to convergent, 
which implies that the rays approach each other, or 
that they tend to a centre, where they interfeQ, and, 
being continued, go on diverging. Indeed all intcr- 
fecting rays, or lines, diverge both ways from the cen~ 
tre, or point of interfection, 

Concave glaffes render the rays diverging ; and'con- 
vex ones, converging.—Concave mirrors make the rays 
converge; and convex ones, diverge—It is demon- 
ftrated 1 Optics,, that as the diameter of a pretty large 
pupil does not exceed 3 of a digit;. diverging rays, 
flowing from a radjant point, will enter the pupil as 
parallel, to all intents.and. purpofes, if the diftance of 
the radiant from the eye amount, to 40,000.feet.. See 
Focus, Licur, and Vision. 
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their convexities toward each other, and rofrout quite” 
coutrary ways. See Hyeersoua. 

Divercine Parabola. See Diverging Paranoia. 

DIVIDEND, in Arithmetic, #s the number Biveu: 
to be divided by fome other number, called the divifor.. 
Or it is the number given to be divided; or feparated, . 
into a certain number of equal parts, viz. as many as the’ 
divifor contains units ; and the number of fuch equal 
parts is called the quotient. Or, more generally, the~ 
dividend contains the divifor, as many times as the quo- 
tient contains unity. 

The Dividend is the numerator of a fraGion, whofe 
denominator is the divifor, and the quotient is the value 
of the fraction. ‘Thus, $= .4, and } = °75. 

DIVIDUAL. By this name fome. authors diftin- 
eed the feveral parts of a dividend, from which each, 

eparate figure of the quotient is found. 

DIVING, the art, or aét of defcending under wa- 
ter, to corffiderable depths, and remaining there a coms 
petent time. 

The ufes of Diving-are very confiderable, particularly- 
in the filhing for pearls, corals, {ponges, &c. 

Various methods have been propofed, and engincs: 
contrived, to render the bulinefs of diving more fafe 
and eafy. ‘he great point in all thefe, is to furnifh 
the diver with frefh air, without which he mutt either - 
make but.a -fhort flay, or perifh. 

Thofe who dive for fponges in the Mediterranean, 
help themfelves by carrying down fponges dipt in oilin - 
their mouths. But confidering the inal quantity of ais - 
that can be contained in, the pores of a fponge, and: 
how much that little will be contracted by the preffure 
of the incumbent water, fuch a fupply cannot long fubs - ' 
fit the diver. For it-is found by experiment, that:a' 
gallon of air included in a bladder, and by a pipe rect. - 
procally infpired and expired, by the lungs, becomes un. - 
fit for refpiration in little more than one minute of time. 
For though its elafticity-be but little altered in paffing 
the lungs, yet it lofes its vivifying {pirit, and is rendered 
effete. In effeét, a naked diver, Dr, Halley affures us, . 
without a fponge, cannot rerhain above two: minutes 
inclofed in water; nor much longer with one, without . 
fuffecating ; nor without long pradtice, near fo: long ¢ 
ordinary perfons beginning to be. fuffocated in about 
half a minute. Betides, ifthe depth be confiderable, 
the preffure-of the water on the veffels makes the eyes 
blood fhotten, and frequently occafions a {pitting of. 
blood. Hence, where there has been occafion to.cons. 
tinue Jong at the bottom, fome have contrived dou- 
ble flexible pipes, to circulate air down into. a-cavity: 
inclofing the diver, as with armour, both to furnifh air, 
and to bear off the preffure of the water, and.give leave 
to his breaft to dilate upon infpiration ; the frefh air 
being forced down one of the pipes with bellows, and 
returning by the other, not unlike to an artery, and.: 
vein. 

But this method is impra€ticable when the depth ex . 
ceeds three fathoms; the water embracing the bare 
limbs fo clofely, as to. obftruét the circulation of the. 
blood in them ; and withal preffing fo ftrongly on all. 
the jun&tures where the armour is made. tight with lea- 
ther; that if there be the leaft defe& in any.of them, 
the water rufhes in, and inflantly fills the whole engine, 
tn the cent dancer of the diwers he 


7 DIV TRe4 


Divinc- Bel, isa machine contrived toremedy all thefe 
“inconveniencies: In this the diver is fafely conveyed 
to any reafonable depth, and may ftay more or lefs 
time under the water, asthe bell is greater or lefs. It 
is moft conveniently made in form of a truncated cone, 
the fmalleft bafe being clofed, and the larger open. It 
-is to be poifed with lead, and fo fufpended, that it may 
fink full of air, with its open bafis downward, and as 
near as may be in a fituation parallel to the horizon, fo 
as to clofe with the {urface of the water all at once. 

Under this covercle the diver fitting, finks down 
swith the included air to the depth defired ; and if the 
veavity of the veffel can contain aton of water, a fingle 
man may remain a full hour, without much inconveni- 
ence, at five or fix fathoms deep. But the lower he 
goes, ftill the more the included air contraéts itfelf, ac- 
cording to the weight of the water that compreffes it 5 
fo that at thirty-three feet deep, the bell becomes half 
full of water ; the preffure of the incumbent water being 
“then equal to that of the atmofphere ; and at all other 
depths, the fpace occupied by the compreffed air in the 
“upper part of its capacity, is to the fpace filled with 
ewater, as thirty-three feet to the depth of the furface of 
the water in the bell below the common furface of it. 
Aind this condenfed air, being taken in with the breath, 
foon infinuates itfelf into all the cavities of the body, 
and has na ill effet, provided the bell be permitted to 
wiefcend fo flowly as to allow time for that purpofe. 

One inconvenience that attends it, is found in the 
vears, within which there are cavities which open only 
outwards, and that by pores fo {mall, as not to give ad- 
-miffion even to the air itfelf, unlefs they be dilated and 
diftended by a confiderable force. Hence, on the firft 
defcent of the bell, a preffure begins to be felt on each 
sear, which, by degrees, grows painful, till the force 
overcoming the obflacle, what conftringes thefe pores, 
-yields to the preffure, and letting fome condenfed air 
‘flip in, prefently cafe enfues. The bell defcending 
lower, the pain is renewed, and afterwards it is again 
eafed in the fame manner. But the greateft inconveni« 
sence of this engine is, that the water entering it, con- 
traéts the bulk of air into fo {mall a compafs, that it 
foon heats, and becomes unfit for refpiration; fo that 
there is a neceflity for its being drawn up to recruit it 5 
‘befides the uncomfortable abiding of the diver, who 
de almoft covered with water. 

“To obviate the difficulties of the diving-bell, Dr. 
‘Halley, to whom we owe the preceding account, con- 
trived fome further apparatus, by which not only to 
recruit and refrefh the air from time to time, but alfo 
to keep the water wholly out of it at any depth; which 
he effeGted after the following manner : 

His diving-bell (plate vii, fig. 6.) was of wood, three 
feet wide at top, five feet at bottom, and eight feet 
high, containing about fixty-three cubic feet in its con- 
cavity, coated externally with lead fo heavy, that it 
would fink empty; a particular weight being diftributed 
about its bottom R, to make it defcend perpendicularly, 
and no otherwife. In the top was fixed a menifcus 
piafs D, concave downwards, like a window, to letin 
hight from above ; witha cock, as at B, to let out the 
hot air; and a circular feat, as at LLM, for the divers 
to fit on: and, below, about a yard under the bell, was 


a flage {ufpended from it by three ropes, cach charged 
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with a hundred weight, to keep it feady, and for the 
divers to fland upon to do their bufinefs, The ma- 
chine was fufpended from the matt of a hip by a fprit, 
which was fecured by flays to the maft-head, ‘and was 
directed by braces to carry it overboard clear of the fide 
of the fhip, and to bring it in again. 

To fupply air to this bell when under water, he had 
a couple of barrels, as C, holding thirty-fix gallons 
each, cafed with lead, fo as to fink empty, each having 
a bung-hole at bottom, to let in the water as the 
defcended, and let it out again as they were drawn up. 
In the top of the barrels was anotner hole, to which 
was fixed a leathern pipe, or hofe, well prepared with 
bees wax and vil, long enough to hang below the bung. 
hole; being kept down by a weight appended. So 
that the air driven to the upper part of the barrel by 
the encroachment of the water, in the de » could 
not efcape up this pipe, unlefs the lower end were lifted 
up. 

PeThefe air-barrels were fitted with tackle, to make 
them rife and fel! alternately, like two buckets 5 being 
direéted in their defcent by Imes faftened to the under 
edge of the bell: fo that they came readily to the hand 
of aman placed on the ftage, to receive them : and who 
taking up the ends of the pipes, as foon as they came 
above the furface of the water in the barrels, all the 
air included in the upper part of ‘it was blown forcibly 
into the bell; the water taking its place. 

One barrel thus received, and emptied ; upon a figs 
nal given, it was drawn up, and at the fame time the 
other let down; by which alternate fucceffion, frefh 
air was furnifhed fo plentifully, that the learned Doétor 
himfelf was one of five, who were all together in nine 
or ten fathoms deep of water for above an hour and a 
half, without the leaft inconvenience ; the whole cavity 
of the bell being perfeétly dry. 

All the precaution he obferved, was, to be let down 









«gradually about twelve feet at a time, and then ta 


flop, and drive out the water that had entered, by 
taking in three or four barrels of frefh air, before he 
defcended farther. And, being arrived at the depth 
intended, he let out as much of the hot air that had 
been breathed, as each barrel would replace with cold, 
by means of the cock B, at the top of the bell, through 
whofe aperture, though very f{mall, the air would ruth 
with fo much violence, as to make the furface of the 
fea boil. 

Thus, he found, any thing could be done that was re- 
quired to be doneunderneath. Andby taking offthe ftage, 
he could, for a {pace as wide as the circuit of the bell, lay 
the bottom of the fea fo far dry as not to be over fhoes 
in water. Befides, by the glafs window fo much light 
was tranfmitted, that, when the fea was clear, and. 
efpecially when the fun fhone, he could fee perfectly 
well to write or read, ‘much more to faften, or lay hold 
of any thing under him that was to be taken up. And 
by the return of the air barrel he often fent up orders 
written with an iron pen on a plate of lead, directing 
how he would be moved from place to place. 

At other times, when the water was‘ troubled and 
thick, it would be as dark as night below ; but in fuch 
cafes he was able to keep a candle burning in the bell. 

Dr. Halley obferves, that they were fubje&t to one 
inconvenience in this bell ; they felt at firft a {mall pain 

in 
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fh their ears, as if the end of a tobacco pipe were 
thruft into them ; but after a little while there was a 
{mall puff of air, witha little uoife, and they were eafy. 
.. This he fuppofes to be occafioned by the condenfed 
air fhutting up a valve leading from fome cavity in the 
ear, full isd common air; but when the condenfed air 
prefled harder, it forced the valve to yield, and filled 
every cavity. “One of the divers, in order to prevent 
this preffure, flopped his ear with a pledget of paper ; 
which was pufhed in fo far, that a Fiyein could not 
extra€t it without great difficulty. 

The fame author intimates, that by an additional con- 
trivance he has found it praéticable for a diver to go 
out of the bell toa good diftance from it; the air bein 
conveyed to him in acontinued ftream by {mall flexible 
pipes, which ferve him as a clue to direét him back 
again to the bell. For this purpofe, one end of thefe 
pipes, kept open. againft the preffure of the fea, by a 
fmall fpiral wire, and made tight without by painted 
leather, and fheep’s guts drawn over it, being open, 
was faftened in the bell, as at P, to receive air, and 
the other end was fixed to a leaden cap on the man’s 
head, reaching down below his fhoulders, open at bot- 
tom, to ferve him as a little bell, full of air, for him to 
breathe at his work, which would keep out the water 
‘from him, when at the level of the great bell, becaufe 
of the fame denfity as the air in the great bell. But 
when he ftooped down lower than the level of the great 

> bell, he fhut the cock F, to cut off the communication 
between the two bells. Phil. Tranf. abr. vol. iv. part 
ii, p. 188, &c. vol. vi. p. 550, &c. 

he air in this bell would ferve him for a minute or 
two; and he might inftantly change it, by: raifing 


himfelf above the great-bell, and opening the cock F.. 


The diver was furnifhed with a girdle of large leaden 
weights, and clogs of lead for the feet, which, with 
the weight of the leaden cap, kept him firm on the 
ground ; he was alfo well clothed with thick flannels, 
which being firlt made wet, -and then warmed in the 
bell by the heat of his body, kept off the chill of the 
cold water for aconfiderable time, when he was out of 
the bell. 

Mr. Martin Triewald, F. R. S. and military archi- 
te& to the king of Sweden, contrived to confirud a 
diving-bell on a fmaller feale, and lefs expence, than 
that of Dr. Halley, and yet capable of anfwering the 
fame intents and purpofes. This bell, AB (fig. 7.) 
finks with leaden weights DD, fufpended from the 
bottom of it. It is made of copper, and tinned all over 
gn the infide ; three ftrong convex Jenfes GGG, de- 
fended by the copper lids HHH, illuminate this bell. 
‘The iron plate E ferves the diver to ftand upon,. when 
he is.at work ; this is fufpended by chains FFF, at fuch 
adiftance from. the bottom of the bell, that when he 
ftands upright, his head is jult above the water in the 
bell, where he has the advantage of air fitter for refpi- 
tation, than when he is muchhigher up; but as there 
is occafion for the diver to be wholly in the bell, and 
confequently -his head in the upper part of it, Mr. Trie- 
wald has contrived, that, even there, after he has 
breathed the hot air as long as he well can, by means of 
a fpiral copper tube placed clofe to the infide of the 
bell, he may draw the cooler and: frefher air from the 
jowermoft parts ; for which purpofe a flexible leather 
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pipe, about two feet long, is fixed to the upper end of’ 
the tube at 4; and to the other end of the pipe is 

faitened-an ivory mouth-piece, for the diver to hold in 

his mouth, by which to refpire the air from below. We 

fhall only remark, that as air rendered effete by refpi- 

ration is fomewhat heavier than common air, it muft 

naturally fubfide in the bell; but it may probably be 

teflored by the agitation of the fea-water, and thus be~ 

come fitter for is bette See Fixed Air. Phil. Tranf. . 
abr. vol. viii. p. 634. Or Defaguliers’s Exper. Phil. vol.-. 
ii, p. 220, &c. 

‘The famous Corn. Drebell had an expedient in fome 
refpeéts fuperior even to the diving bell, if what is rew 
lated of it be true. He contrived not only.a veffel to 
be rowed under water, but alfo a liquor to be carried in- 
the veffel, which fupplied the place of freth air. 

The veflelwas made for king James I. carrying twelve 
rowers, befides the paffengers. It was tried in the 
river Thames ; and one of the perfona in that fubmarine 
navigation, then living, told it one, from whom Mr. 
Boyle had the relation, . ‘ 

As'to the liquor, Mr. Boyle affures us, he difcovered: 
by a phyfician, who married Drebell’s daughter, that 
it was ufed from time to time, when the. air in that 
fubmarine boat was clogged by the breath of the com- 
pany, and rendered unfit refpiration : at which time, 
by unftopping the veffel full of this liquor, he could 
fpeedily reftore to the troubled air fuch a proportion of. 
vital parts, as would make it ferve again a good while. 
The fecret of this liquor Drebell would never difclofe 
to above one perfon, who himfelf-affured Mr. Boyle 
what it was, Deviee Exp. Phyf. Mech. of the Spring 
of the Air. 

We have had many projets of diving machines, and:: 
diving fhips of various kinds, which have proved abor--- 
tive. a 

Divinc-Bladder, a term ufed by Borelli for a mas - 
chine which he contrived for diving under thé water to « 
great depths, with great facility, which he prefers to. the 
common diving-bell, The vefica, or’bladder, as it is ufu- 
ally called, is.to be of brafs or copper, and about two 
feet in diameter. This is to contain the diver’s head, 
and is to be fixed to a goat’s kin habit, exadily fitted to 
the fhape of the body of the perfon. Within this 
vefica there are pipes, by means of which a circulation 
of air is contrived ; and the perfon carries an air pump 
by his fide, by means of which he may make himfelf 
heavier or lighter, as the fifhes do, by contra@ing or 
dilating their air bladder : by this means, the obje@tions 
all other diving machines are liable to are obviated, 
and particularly that of the air; the moifture by which 
it is clogged in refpiration, and by which it is rendered 
unfit for the fame ufe again, being here taken from it 
by its circulation through the pipes, to the fides of 
which it adheres, and leaves the air as free as before. 
Borelli Opera Pofthuma. 

DIVISIBILITY, a property in quantity, bedy, or 
extenfion, by which it becomes feparable into parts 5 
either actually, or at leaft mentally. 

Such divifibility is infinite, if not atually, at leaft 
potentially ; for no part can be conceived fo fmall, but 
another may be conceived ftill fmaller; for every part 
of matter muft have fome finite extenfion, and that ex-. 
tenfion may be bife&ted, or otherwife divided; for the 
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Hame-reafor, thefe parts may be divided again, and fo 


-en without. end, ‘ 

‘We are not here contending for the poffibility of an 
aGtual divifion in infinitum-2 it 16 only afferted that how- 
ever {mall a body is, it may be dtill farther divided ; 
which it is prefumed may be -called a divifion in infini- 
fum, becaufe what has no limits, is called infinite. 

The infinite, or indefinite divifibility of mathemati- 
cal quantity is thus proved, and illultrated by mathe- 

_ taticians.: Suppofe a line AD 
-perpendicular to BF; and an- 

‘other as GH alfo perpendicular 
to the fame BF; with the cen- 
tres C, C, C, &c, and diftances 
CA, CA, &e, defcribe circles 
-cutting the line GH in the points 
t, é, &c. Now, the greater the 
yadius AC is, the lefs is the part 
eG; but the radius may be aug- 
mented in infinitum, and there 
fore the part eG may be dimi- 
nifhed in the fame manner; and yet it can never be re= 
duced to nothing, becaufe the circle can never coin- 
cide with the right line BF. Confequently the parts 
of any magnitude may be diminifhed in infinitum. 

All that is fuppofed, in itri& geometry, concerning 
the divifibility of magnitude, amounts to no more, than 

_ that a given magnitude may be conceived as divided 
into a number of parts, equal to any given or propofed 
number. ; 

It is true that there are no fuch things as parts in- 
finitely fmall; yet the fubtilty of the particles of feverat 
podies is fuch, that they far furpafs our conception ; 
and there are innumerable inftances in nature of fuch 
‘parts a€tually feparated from one another, 

Several inftances of this are given by Mr. Boyle.’ 
He fpeaks of a filken thread 300 yards long, that 
weighed but two grains and a half. He meafured 

+ leaf-gold, and found by weighing it, that 50 fquare 
inches weighed but one grain: if the length of an inch 
‘be divided into 200 parts, the eye may diftinguifh them 
all; therefore in one {quare inch there are 40,000 vifi- 
ble parts ; and in one grain of it there are two millions 

. of fuch parts ; which vifible parts no ene will deny are 
Atill farther divifible. 

Again, an ounce weight of filver may be gilt over 
with 8 grains of gold, which may be afterwards drawn 
Ynto a wire 13,000 feet long, and {till be all covered 
with the fame gilding, —- 

In odoriferous bodies a ftill greater fubtilty of parts 
is perceived, and even fuch as are actually feparated 
from one another: feveral bodies fearce Tote any fenfi- 
ble part of their weight in a long time, and yet conti- 





nally fill a very large {pace with odoriferous particles. ~ 


Dr. Keil, in his Vera Phyfica, Le@. 5, has calcu- 
lated the magnitude of a particle of Affafcetida, which 
will be the ———_52_n part of a cubic 
10000000000000000 
inch. And in the fame LeGture he fhews that the parti- 
cles of the blood in animalculz, obferved in fluids by 
means of microfcopes, muft be lefs than that part of a 
cubic inch which is expreffed by a fraction whofe numera- 
tor is 8, and denominator unity with 30-ciphers after it. 
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‘The particles of light, if light confit of real parti- 
cles, furnifh another furprifing inftancé of the minute- 
nefz of fome parts of matter. A fmall lighted candle 
placed on a plain, will be vifible two miles, and confe- 
queptly its light fills a {phere of 4 miles diameter, be- 
fore it has lolk any fenfible part of its weight. Now, 
as the force of any body is direétly in proportion to its 
quantity of matter multiplied by its velocity ; and fince 
it 1s demonftrated that the velocity of the particles of 
light is at leat a million of times greater than the ve~ 
locity of a cannon-ball, it is plain, that if a million of 
thefe particles were round, and of the fize of a {mall 
grain of fand, we durft no more open our eyes to the 
light, than expofe them to fand thot point-blank from 
a cannon. 

By help of microfcopes, fuch objects as would other- 
wife efeape our fight, appear very large: there are 
fome {mall animals f{earce vifible with the beft micro~ 
{copes ; and yet thefe have all the parts neceflary for 
life, as blood, and other Auids. How wonderful then 
mutt the fubtilty of the parts be, which make up fuch 
Auids ! 

Whence is deducible the following theorem : 

Any particle of matter, how fmall foever, and any 
finite fpace, how large foever, being given ; it is pof- 
fible for that {mall ‘and, or particle of matter, to be 
diffufed through all that great fpace, and to fill it in 
fuch manner, as that there fhall be no pore in it, whofe 
diameter fhall exceed any given line; as is demonftrated 
by Dr. Keil. Introduct. ad Ver. Phyf. 

Divisisce, the faculty or quality of being capable 
of being divided. 

DIVISION, is one of the four principal Rules of 
Arithmetic, being that by which we find out-how often 
one quantity is contained in another, fo that Divifion 
is in reality only a compendious method of Subtraction 5 
its effe&t being to take one number from another as 
often as poffible ; that is, as often as it is contained in 
it. There are therefore three numbers concerned in 
Divifion: 1ft, That which is given to be divided, called 
the dividend; 2d, That by which the dividend is to be 
divided, called the divifor ; 3d, That which expreffes 
how often the divifor 1s contained in the dividend’; or 
the number refulting from the divifion of the dividend 
by the divifor, called the quotient. 

There are various ways of performing Divifion, one 
called the Englifh, another the Flemith, another the 
Italian, another the Spanifh, another the German, and 
another the Indian way, all equally juft, as finding the 
quotient with the fame certainty, and only differing in 
the manner of arranging and difpofing the numbers. 

There is alfo divifion in integers, divifion in frace 
tions, and divifion in. fpecies, or Naebeks 

Divifion is performed by feeking how often the divi- 
for is contained in the dividend; and when the latter 
confifts of a greater number of figures than the former, 
the dividend muft be taken into parts, beginning on 
the left, and proceeding to the right, and fecking how 
often the divifor is found in each of thofe parts. 

For ex. If it be required to divide 6758 by 3. 
Firft feek how often 3 is contained in 6, which is 2 
times; then how often in 7, which is likewife 2 times, 
with 1 remaining; which joined to the next figure 5 
makes 15, then the 3’s in 15 are 5 times; and laftly 

the 
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the g’s in 8 are 2 times, and 2 remaining, All the 
numbers expreffling how often 3 is contained in each of 
thofe parts, are to be written down according to the 
order of the parts of the dividend, or from left to right, 
and feparated from the dividend itfelf by a crooked 
fine, thus: 
Divifor Dividend Quotient 
3} 6758 ( 22525 

It appears therefore, that 3 is contained 2252 times 
in 6758, with 2 remaining over; or that 6758 being 
divided into 3 parts, each part will be 22523, viz, the 
figures of the quotient before found, together with the 
fraGtion 3 formed of the remainder and the divifor. 

‘When the divifor is a fingle digit, or even as large as 
the number 12, the divifion is eafily performed by fet- 
ting down only the quotient as above. But when the 
divifor is a larger number, it is neceflary to fet down 
the feveral kemainders and produés &c. This procefs 
may be feen at large in moft books of arithmetic, as 
well as various contra¢tions adapted to particular cafes: 
fach as, 1ft, when the divifor has any number of ciphers 
at the end of it, they are cut off, as well as the fame 
number of figures from the end of the dividend, and 
then the work is performed without them both, annex- 
ing only the figures Jaft cut off, to the laft remainder ; 
2d, when the divifor is equal to the product of feveral 
fingle digits, it is eafier to divide fucceffively by thofe 
digits, inftead of the divifor at once; 3d, when it is 
required to continue a quotient to a great many places 
of figures, as in decimals, a very expeditious method of 
performing it, is as follows: Suppofe it were a pat to 
divide 1 by 29, to a great many places of decimals, 
Adding ciphers to the 1, firft divide roo0o by 29 in 
the common way, till the remainder become a fingle 
figure, and annex the fraGtional fupplement to complete 
the quotient, which gives ;'5 = 0°03448;'5: next mul- 
tiply each of thefe by the numerator 8, fo fhall ,%5 = 
0°27584$$ or rather 0°27586y55 which figures fubiti- 
tuted inftead of the fra€tion % in the firft value of 5, 
it becomes fy = 0°0344827586,,: again, multiply 
both of thefe by the laft numerator 6, and it will be 
a = 0'20689655172'5; which figures fubitituted for 
2% in the laft-found value of ';, it becomes 
aly == 0°0344827586206896551 74/5: and again, mul. 
tiplying thefe by the numerator 7, gives 
ais = 0°24.137931034482758620593 which figures fub- 
Rituted inftead of 4’, in the laft-found value of 44, it 
becomes 'y = 
07034482 75862068965 5 17241 379310344827 586203 
and fo on; where every operation will at leaft double 
the number of figures before found by the lait one. 

Prof of Division. In every example of divifion, 
unity is always in the fame proportion to the divifor, 
as the quotient is to the dividend; and therefore the 
produé of the divifor and quotient is equal to the pro- 
duct of 1 and the dividend, that is, the dividend itfelf. 
Hence, to prove divifion, multiply the divifor by the 
quotient, to the produét add the remainder, and the 
fum will be equal to the dividend when the work is 


” right ; if not, there is a miftake. . 


“Division, in Decimal FraGions, is performed the 
‘fame way as in integers, regard being had to the num- 
ber of decimals, viz, making as many in the quotient 
as thofe of the dividend exceed thofe in the divifor. 

~ Vor. I. 
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. Division, is Vulgar FraGions, is perforined by di- - 
viding the numerators- by each other, and the denomi. 
nators by each other, if they will exaélly divide; but 
if not, then the dividend is multiplied by the reciprocal 
of the divifor, that is, having its terms inverted ; for, 
taking the reciprocal of any quantity, converts it from 
a di#ifor to a multiplier, and from a multiplier to a di- 
vifor. For ex. $$ —by } gives 4, by dividing the nu- 
merators and denominators; but }$ +- by ¢ is the fame 
as 43x 4%, which is = #3. Where x 3s the fign of 
multiplication, and the character ~ is the mark of divi« 
fion. Or divifion is alfo denoted like a vulgar fraGtion ; 
fo 3 divided by 2, is 4. 

Division, in Algebra, or Species, is performed like 
that of common+numbers, either making a fraction of 
the dividend and divifor, and cancelling or dividing by 
the terms or parts that are common to both ; or elfe 
dividing after the manner of long divifion, when the 
quaritities are compound ones. Thus, 
ab divided by a, gives } for the quotient : 
and 12ab divided by 44, gives 3a for the quotient 3 
and 16abc* divided by 8ac, gives 2bc: 


a 


36 
and r5abc3 divided by 124c?, gives 


and a divided by 34, gives 
tgabc3 sac 


12bc* “ 
and a?— 4? by a+4 givesa—6; thus 
ath) arb (a3 
a*-+tab 
—ab—h> 
—ab—j* 
—— ee 
again, to divide x°—8x*— 124x764 by x*—16 5 
Kt 16 ) x8 — Bxt—124x*—~64 ( x44 8x29 +4 - 


xo 16x 








8x4— 1247 
8a4—128x* 





4x7 64 
43° — 64 





In fome cafes, the quotient will run out to an inf. 
nite feries ; and then, after continuing it to any certain 
number of terms, it is ufual to annex, by way of a frace 
tion, the remainder with the divifor fet under it, 

It is to be noted that, in dividing any terms by one 
another; if the figns be both alike, €ither both plus, or 
both minus, the fign of the quotient will be plus ; but 
when the figns are different, the‘one plus and the other 
minus, the fign of the quotient will be minus. 

Division by Logarithms. See Locarirums. 

Division of Mathematical Infiruments. See Gra- 
puarion, and Murat dre or Quadrant. 

Division in Mufic, is the dividing the interval of an 
o€tave into a number of lefler intervals. ° 2 

Divistox by Napier’s Bones. See Naprer’s Bones. 

Division of Powers, is performed by fibtraéting 
their exponents. Thus, 2° + a4 is = 4%; and 

= iis £S. : 
4a*h* ~2a7h? ie = 20*d3. 
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Division of Proportion, is comparing the ‘difference 
between the antecedent and confequent, with either of 


them. Thus, ~ 
9 @ 2 det eed 
if : eS ar ere 
then by divin fg 9 oT rs ae 
on a-b: 6 ::¢e-d:d, 

8 : qtr 4 22 


Divisor, is the dividing number; or that which 
fhews how many parts the dividend is to be divided 
anto. 

Common Divisor. See Common Divifor. 

DIURNAL, fomething relating to the day; in op- 
pofition to nogturnal, relating to the night. 

Divenat Arch, is the arch defcribed by the fun, 
moon, or ftars, between their rifing and fetting. 

Divenar Circle, is the apparent circle deferibed by 
the fun, moon, or ftars, in confequence of the rotation 
of the earth. 

Divenar Motion of a Planet, is fo many degrees and 
minutes &c as any planet moves in 24 hours. F 

The Diurnat Motion of the Earth, is its rotation 
round its axis, the duration. of which conititutes the 
natural day.—The reality of the diurnal rotation of the 
earth is now pait all difpute. 

Divrewav Parallax. Sce Parautax. 

Drvanar is alfo ufed in fpeaking of what belongs to 
the ny€themeron, or natural day of 24 hours: in which 
fenfe it is oppofed to annual, menftrual, &c. 

The diurnal phenomena of the heavenly bodies are 
folved from the diurnal revolution of the earth y that 
is, from the rotation of the earth round its own axis in 
24 hours. This rotation is equable, and from weft to 
eat, about an axis whofe inclination to the ecliptic is 
now 66° 32°. Since the earth is an opaque body, that 
{mall part of its furface which comes at the fame time 
under the confined view of the fpeétator, though really 
{pherical, will feem ta be extended like a plane: and 
the eye, taking a view of the heavens all around, de- 
fines a concave f{pherical fuperficies, concentric with the 
earth, or rather with the eye, which the faid plane of 
the earth’s fuperficies will divide into two equal parts, 
the one of which is viible, but the other, becaufe of 
the earth’s opacity, hid from the view. 

‘And as the earth revolves about its axis, the fpecta- 
tor, ftanding upon it, together with the faid plane he 
ftands upon, called his horizon, dividing the vifible from 
the invifible hemifphere of the heavens, is carried round 
the fame way, viz, owards the eaft! From hence it is, 
that the fun and ftars, placed towards the eait, being 
before hid, now become vifible, the horizon as it were 
inking below them 5 and the ftars &c towards the weft 
are covered or hid, and become invifible, the horizon 
being elevated above them. So that the former flars, 
to the fpeétator, who reckons the place he ftands on as 
jmmoveable, will appear to afcend above the horizon, 
or rife; and the latter to defcend below the horizon, 
or fet. 

Since the earth, with the horizon of the fpectator 
fixed to it, continues to move always towards the fame 
parts, and about the fame axis equally 5 all bodies, and 
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all phenomena, that <6 not partake of the faid motion, ~ 
(that is, all fuch things as are éntirely feparate from: 
the earth) will feem to move in the fame time uniform- 
ly, but towards the oppolite parts, or from cait to 
welt: and every one of thefe objects, according to 
feat, will deferibe the circumference of a circle, whofe 
plane is perpendicular to the axis of the earth, And 
pbecaufe all thefe circles, together with the vililble ob- 
jects defcribing them, appear to be in the concave {phe- 
tical fuperficies of the heavens, every vifible obje& will 
feem to deicribe a greater or lefs circle, according to 
its greater or lefs diltance from the poles, or extremi+ 
ties of the earth’s axis produced ; the middle circle be- 
tween thefe poles, called the equator, is confequently 
the greateft. 

It may farther be obferved, that whereas, by the 
@jurnal revolution of the earth, all the feveral lumi- 
naries {ecm to move in the heavens from eaft to wet, 
hence this feeming diurnal motion of the celeftial lights 
is called their common motion, as being common to all 
of them, Befides which, all the luminaries, except the 
fun, have a proper motion ; fiom which arife their 
proper phenomena: as for the proper phenomena of the 
fun, they likewife feem to arife from the proper motion 
of the fun; though they are really produced by another, 
motion, which the earth has, and by which it moves’ 
round the fun once every year, and thence called the 
annual motion of the earth. 

DODECAGON, a regular polygon, of 12 equal. 
fides and angles. 

Tf the fide of a Dodeeagon be 1, its area will be 








-equal to 3 times the tang. of 75° = 3 X24173= 


1171961524 nearly ; and, the areas of plane figures 
being as the {quares of their fides, therefore 11°19015 24 
multiplied by the fquare of the fide of any Dodecagon, 
will give its area. See my Menfuration, pa. 114, 2d ed. 

To inferibe a Dodecagon in a given Circle. Carry the. 
radius 6 times round the circumference, which will di- 


vide it into. 6 equal parts, or will make a hexagon 5 ther 


pifeét each of thofe parts, which will divide the whole 
inta 12 parts, for the Dodecagon. Sce alfo other me- 
thods: of defcribing the fame figure in. my Menfur, 
pa. 26, &c, See Porycon. 

DODECAHEDRON, one of the Phtonic bodies, 
or five regular folids, being contained under a furface 
compofed of twelve equal and regular pentagons. 

To form a Dodecahedron. See Regular Bopy. 

If the fide, or linear edge, of a Dodecahedron be sy 
its furface will be : 


Ty sP/Eb Fa/5 = 20°6457788 97 


rand its folidity 553 / wees 76631189649 


If the radius of the {phere that circumfcribes a Doe 
decahedron be r, then is 





its fide or linear edge = wus, 

its fuperficies = Jor? 4/ 2—F/5s 

and its folidity = gor 3+ 75. 
30 


The fide of a Dodecahedron infcribed in a fphere, ia 
i equal 
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equal to the greater part of the fide of a cube infcribed 
‘in the fame fphere, and cut atcording to extreme and 
mean proportion. : 

_ Ifa line be cut according to extreme and mean pro- 
portion, and the leffer fegment be taken for the fide of 
a Dodecahedron, the greater fegment will be the fide 
of acube inferibed in the fame fphere. 

The fide of the cube is equal to the right line which 
fubtends the angle of a pentagon of the Dodecahedron, 
jafcribed in the fame fphere. See Poryuepron ; alfo 
my Menfur. pa. 253, &c. 

DODECATEMORY, the 12 houfes or parts of 
the zodiac of the primum mobile. Alfo the 12 figns 
of the zodiac are fometimes fo called, becaufe they con- 
tain cach the 12th part of the zodiac. 

DOG, a name common to two conftellations, called 
the Great and Little Dog; but move ufually Canis 
Major, and Canis Minor. 7 

DOME, is a round, vaulted, or arched roof, of a 
church, hall, pavilion, veftibule, flair-cafe, &c, by way. 
of crowning, or acroter. 

DOMINICAL Leter, otherwife called the Sunpay 
Letter, is one of thefe firit feven letters of the alphabet 
ABCDEFG, ufed in almanacs &c, to mark or denote 
the Sundays throughout the year. 

The reafon for ufing feven letters, is becaufe that 
is the number of days in a week ; and the method of 
uling them is this: the firit letter A is fet oppofite 
the r{t day of the year, the 2d letter B oppofite the 2d 
day of the year, the 3d letter C oppofite the 3d day of 
the year, and fo on through the feven letters; after 
which they are repeated over and over again, all the 
way to the end of the year, the letter A denoting the 
8th day, the letter B the gth, kc. Then whichever 
of the letters fo placed, falls oppofite the firlt Sunday in 
the year, the fame letter, it is evident, will fall oppo- 
fite every future Sunday throughout the year, becaufe 
the number of the letters is the fame as the number of 
days in the week, being both 7 in number ; that is, in 
common years ; for as to leap years, an interruption 
of the order takes place in them. For, on account of 
the intercalary day, either the letters muft be thruft out 
of their places for the whole year afterwards, fo as that 
the letter; for ex. which anfwers to the 1ft of March, 
fhall likewife anfwer to the 2d &c; or elfe the inter- 
calary day muft be denoted by the fame letter as the 
preceding one. his latter expedient was judged the 
better, and accordingly all the Sundays in the year after 
the intercalary day have another Dominical letter. 

_ The Dominical letters were introduced into the ca- 
lendar by the primitive chriftians, inftead of the nundi- 


nal letters in the Roman calendar; and in this manner , 


were thofe feven letters fet oppofite the days of the 
year, to denote the days in the week, in moft of our 
common almanacs, till the year 1771, when the initial 
letters of the days of the week were generally introdu- 
ced inftead of them, excepting the Sunday letter itfelf, 
which is ftill retained. 

From the foregoing account it follows that, 

ift, As the common year coniiits of 365 days, or 52 
weeks, and one day over; the letters go one day back- 
wards every common year: fo that in fuch a year, if 
the beginning or firft day fall on a Sunday, the next 
year it will fall on Saturday, the next on Friday, and 
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fo on. Confequently, if G be the Dominical letter for 
the prefent year, F will be that for the next year} and 
fo on, in a retrograde order. 

2d, As the biffextile or leap year confifts of 366 days, 
or 52 weeks, ‘and 2 days over, the beginning of the year 
next after biffextile goes back 2 days. Whence, if ia 
the beginning of; the biffextile year, the Dominical let- 
ter were G, that of the following year will be E, 

3d, Since in leap-years the intercalary day falls on 
the 24th of February, in which cafe the 24th and z5th 
days are confidered as one day, and denoted by the fame 
letter; after the 24th day of February the Dominical 
letter goes back one place: thus, if in the beginning 
of the year the Dominical letter be G, it will afterwards 
change to the letter F for the remaining Sundays of the 
year. With us however, this day is now added at 
the end of February, and from thence it is that the 
change takes place. 

4th, As every fourth year is biffextile, or leap-year, 
and as the number of letters is 7; the fame order of 
Dominical letters only returns in 4 times 7, or 28 years; 
which without the interruption of biffextiles, would re- 
tum in 7 yearg. 

sth, Hence the invention of the folar cycle of 28 
years ; upon the expiration of which the Dominical let- 
ters are reitored fucceflively to the fame days of the 
month, or the fame order of the letters returns. 

To find the Domiicat Letter of any given year. Find 
the cycle of the fun for that year, as dire&ted under 
cycle; and the Dominical letter is found correfponding 
to it.’ When there are two letters, the propofed year 
is biffextile ; the former of them ferving till the end of 
February, and the latter for the reft of the year. 

The Dominical letter for any year of the prefent cen+ 
tury may be found by this canon : ‘ . 

Divide the odd years, their fourth and 4, by ty 
What is left take from 7, the letter is given. 
Thus, for the ycar 1794, the odd years 94. 
their4th 23 
and + 4 
divided by 7) 121 (37 


remains 2 


from 7 
leaves 5 


which anfwers to E the 5th letter in the alphabet. 

The Dominical letter may be-found univerfally, for 
any year of any century, thus: 

Divide the centuries by 4 3 and twice what does remain 

Take from 6 ; and then add to the number you gain 

Their odd years and their ath 5 which dividing by 7y 

What is left take from 7, the letter is given. 

Thus, for the-year 1878 the letter is F. 

For the centuries 18 divided by 4, leave 2; the double 
of which taken from 6 leaves 2 again; to which add 
the odd years 78, and their 4th part 19, the fum 99 
divided by 7 leaves 1; which taken from 7, leaves 6 an- 
fwering to F the 6th letter in the alphabet. ; 

By the reformation of the calendar under pope Gre- 
gory the 13th, the order of the Dominical letters was 
again difturbed in the Gregorian year; for the year 
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1582, which had G for its Dominical letter at the bee 
ginning; by retrenching 10 days after the 4th of O&a= 
ber, came to have C for {ts Dominical letter: by which 
means the Dominical letter of the ancient Julian calen- 
dar is 4 places before that of the Gregorian, the letter 
A in the former anfwering to D inthe latter. 

DONJON, in Fortification, ufually denotes a large 
ftrong tower, or redoubt, ofa fortrefs, where the garri- 
fon may retreat in cafe of neceflity, and capitulate with 

eater advantage. See Duncron. 

DORADO, a fouthern conttellation, not_vifible in 
our latitude; called alfo Xipbias, or the Szvord-ff/b. 
The flars of this conftellatign, in Sharp’s catalogue, 
are fix. : 

DORIC Order, of Architedture, is the fecond of the 
five orders, being placed between the Tufcan and the 
Tonic. ‘The Doric feems the moft natural, and belt pro- 
portioned, of all the orders ; all its parts being founded. 
on the natural pofition of folid bodies ; for which rea- 
fon it is molt proper to be ufed in great and mafly 
buildings, as the outfide of churches and public places.’ 

The Dorie order has no ornaments on its bafe, nor 
ite capital. Its column is 8 diameters high, and its 
freeze is divided between triglyphs and metopes. 

DORMER, or Dormant, in Architeéture, denotes 
a window made in the roof of a building, or above the 
entablature ; being raifed upon the rafters. 

DOUBLE Ape, Baftion, Concave, Convex, Cone, 
Defeant, Eccentricity, Pofition, Ratio, Tenaille, Fe. See 
the refpective words. 

Dousrz Horizontal Dial, one with a double 
gnomon, the one pointing out the hour on the outer 
circle, the other the hour on the ftereographic projec- 
tion drawn upon it. ‘This dial finds the meridian, the 
hour, the fun’s place, rifing, fetting, &c, and many 
other problems of the globe. 2 : 

Dovate Point, inthe Higher Geometry, is a point 
which is common to two parts or legs or bianches of 
fome curve of the 2d or higher order: fuch as, an in- 
finitely fmall oval, or a cufp, or the cruciform interfec- 
tion, &c, of fuch curves. See Newton’s Enumeratio 
Linearum &c, de Curvarum Pundtis Duplicibus. 

Dovwsrine @ Cape, or Point of Land, in Navigation, 
fignifies the coming up with it, pafling by it, and leaving 
it behind the fhip. 

The Portuguefe pretend that they firft doubled the 
Cape of Good Hope, under their admiral Vafquez de 
Gama; but there are accounts in hiftory, particularly 
in Herodotus, that the Egyptians, Carthaginians, &c, 
had done the fame long before them. 

DOUCINE, in Architecture, isan ornament on the 
highett part ef the cornice, or a moulding cut in the 
figure of a wave, half convex, and half concave. 

DOVE-~ail, in Carpentry, is a method of faftening 
boards or timbers together, by letting or indenting one 
piece into another, with a Dove-tail joint, or a joint in 
form of a Dove’s tail. 

DRACHM, or Daan, is the name of a {mall weight 
ufed with us, and is of two kinds, viz, the 8th part of 
an gunce in Apothecaries weight, and the 16th part of 
an ounce in Avoirdupois weight. 

DRACO, the Deacon, aconftellation of the north- 
ern hemifphere, whofe origin is varioufly fabled by the 
Greeks ; {ome of them reprefenting it as the Dragon 
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which: d the Hefperian fruit, or golden applesy. 
but beng killed. by Hercules, Juno, as a reward for its 
faithful fervices, took it up to heaven, and fo formed 
this conftellation ; while others fay, that in the war of 
the giants, this Dragon was brought into the combat, 
and oppofed to Minerva, when the goddefs taking the 
Dragon in her hand, threw him, twited as he was, up 
to the flies, and fixed him to the axis of the. heavens, 
before he had time to unwind his contortions. 

‘The ftars in this conftellation are, according to. Pto- 
lomy, 31; according to ‘Tycho, 32 5. according to He- 
vélius, 40; according to Bayer, 33 ;,and according to- 
Flamfteed, 80. ” 

DRAGON, in Aftronomy.. See Draco. 

Dracon’s Acad, and Tail, are the nodes of the 
planets, but more particularly of the moon, being the 
pointe in which the ecliptic is interfe&ted by her orbit, 
in anangle of about 5° 18'. 

One of thefe points looks northward, tlic moon be. 

ginning then to have north latitude; and the other 
fouthward, where fhe commences fouth Katitude ; the 
former point being reprefented by the knot @ for the 
head, and the other by the fame reverfed, or ¢3 for the 
tail. And near thefe points it is that all eclipfes of the 
fun and moon happen. 

This deviation of the: path of the moon: from: the 
ecliptic feems, according to the fancy of fome, to make 
a figure like that of a dragon, whofe belly is at the 
part where fhe has the greateft latitude ; the interfec~ 
tions reprefenting the head and tail, from which refem-. 
blance the denomination arifes. 

Thefe interfections are not always in the.fame two- 
points of the ecli tic, but fhift by a retrograde motion, 
at the rate of 3° 11% per. day,. and completing their 
circle in 18 years 225 days. , 

Dracon-Beams, in ArchiteGure,. are two. ftrong: 
braces or ftruts, ftanding under a breaft-fummer, and:: 
meeting in an angle on the fhoulder of the king-piece. 

DRAM. See Dracrms. 

DRAUGHT-Compaffs, thofé provided with feveral : 
moveable points, to draw fine draughts in architedture 
&c. See Compass. 

DRAUGHT-Hooks, are large hooks of iron, fixed 
on the cheeks of a gun-carriage, two on each fide, one 
near the trunnion hole, and the other at the train. 

DRAW-Bridge, a bridge made after the manner of 
a floor, to ke drawn up, or let down, as accafion re- 
quires, before the gate of a town or cattle. 

DRIFT, in Navigation; denotes the angle which the 
line of a fhip’s motion makes with the neareft meridian, 
when fhe drives-with her fide to the wind and waves, 
and is not governed by the power of the helm ; and alfo 
the diftance which the thip drives on that line, fo. called 
only in a ftorm.. 

DRIP, in Archite@ure. See Larmier.. 

DRY-Moat. See Moat. : 

DUCTILITY, a property of certain bodies, by 
which they are capable of being beaten, preffed, drawn, 
or ftretched forth, without breaking ; or by which they 
are capable of great alterations in their figure and dimens 
fions, and of gaining in one way as they lofe in another. 

Such are metals, which, being urged by the hammer, 
gain in length and breadth what they lofe in thicknels ; 
or, being drawn into wire through holes ia iron, grow 
longer 
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longer as they beeome more flender. Such alfo are 
gums, glues, refins, and fome other bodies; which, 
though not malleable, may yet be denominated ductile, 
in as much as, when foftened by water, fire, or fome 
other menftruum, they may be drawn, into threads. 

Some bodies are duétile bath when they are hot and 
cold, and in all'cireumftances.: fuch are metals, and ef- 
pecially gold and filver; other bodies are duétile only 
when they-have a certain degree of heat ; fuch as glafs, 
and wax, and fuch like fubftances:- others again. are 
du@tile only when cold, and brittle when hot ; as fome 
Kinds of iron, viz, thofe called by workmen redthort, as 
alfo brafs, and fome metallic alloys. 

The caufe of dutility is very obfcure ; as depending 
much on hardnefs, a quality whofe nature we know 
very little about.. 1t is true, it is ufual to account 
for hardnefs from the force of attraGtion between 
the particles.of the hard body ; and for dutility, from 
the particles of the ductile body being, as it were joint- 
ed, and entangled with each other. But without 
dwelling on any fancifal hypothefes about ductility, we 
may amufe ourfelves with lome truly amazing cireum- 
itances and phenomena of it, in the inftances of gold, 
gilafs, and fpider’s-webs.. Obferving however that the 
ductility of metals. decreafes in the following order: 
gold, fiver, copper, iron, tin, lead. 

Ducritity of Gold. One of the properties of 
gold is, to be the moft duétile of all bodies; of which 
the gold beaters and gold wire-drawers, furnifh us with 
abundant proof. 

Fa. Merfenne, M. Rohault, Dr. Halley, &c, have 
made computations of it:, but they trufted to the re- 
ports of the workmen. M. Reaumur, in the Memoires 
de PAcademie Royale des Sciences, an. 1713, took a 
furer way ; he made the experiment.himfelf. A fingle- 
grain of gold, he found, even in the common gold leaf, 
ufed in moft.of our. gildings, is extended into 36 and 
a half fquare inches ; and an ounce of gold, which, in 
form of a-cube, is not half an inch either high, broad, 
or long, is beat under the hammer into_a furface of 146 
and a half fquare feet ; an extent almoft double to what 
could be done in former times. In Fa. Merfenne’s 
time, it_was deemed prodigious, that an ounce of gold 
fhould form 1600 leaves; which, together, only made 
afurface of 1o5 fquare feet. 

But the diftenfion of gold under the hammer (how 
confiderable foever) .is nothing to that. which it under- 

oes in the drawing-iron. ‘There are gold leaves, in 
‘ome parts fearce the ¢7e's3q part of an inch thick ; 
but yz0'gxz5 part of an inch-is a confiderable thicknefs, 
in comparifon of that of the gold fpun-on filk in our 
gold thread. 

To conceive this prodigious duétility, it is neceffary 
te have fome idea of the manner in which the wire draw- 

13 proceed, ‘The wire, and thread we commonly call 
gold thread, &c, (which is only filver wire gilt, or co- 
vered over with gold), is drawn from a large ingot of 
filver, ufually about thirty pounds weight. This th 
round into a cylinder, or roll, about an inch and a hi 
in diameter, and twenty-two inches long, and cover it 
with the leaves prepared by the gold beater, laying one 
over another, till the cover is a good deal thicker than - 
that in ovr, ordinary gilding; and yet, even then, it is _ 
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very thins as will be eafily conceived front the quan- 
tity of gold that goes-to gild the thirty pounds of fil- 
ver; two ounces ordinarily do the bufinefg; and, fre+ 
quently, little more than one. ‘ ; 

In effe&, the full thicknefs of the gold: on. the ingot 
rarely exceeds x} or she part; and, fometimes not 
oss part of an inch. 

But this thin coat of gold muff be yet vaftly thin- 
ner; the ingot is fucceflively drawn through the holes . 
of feveral irons, cach {mailer than the other, till it be ; 
as fine as, or finer than a hair. Every new hole leffens - 
its diameter; but it gains in length what it lofes in. 
thicknefs ; and, of confequence, increafes in furface: . 
yet the gold ill covers it; it follows the filver in all 
its extenfion, and never leaves the minuteft part bare, 
not even to.the microfcope. Yet, how inconceivably - 
mutt it be attenuated while the ingot is drawn into a 
thread, whofe diameter is gooo times lefs than that of 
the ingot. . 

M. Reaumur, by. exact weighing, and rigorous cal- 
culation, found, that one ounce of the thread was 3232 
fect long; and the whole ingot. 1163520 feet, Paria - 
meafure, or 96 French leagues; equal to 1264400 
Englith feet, or 240 miles Englifh; an extent which 
far furpaffes what Fa. Merfenne, Furetiere, Dr. Halley, 
&c, ever dreamt of. 

Merfenne fays, that half an ounce of the thtead. is « 
Too toifes, or fathoms long; on which footing, an 
ounce would only be 1200 feet : whereas, M. Reaumur - 
finds it 3232. Dr. Halley makes 6 feet of the wire 
one grain in weight, and one grain of the gold 98.‘ 
yards ; and, confequently; the ten thoufandth part of.a 
grain, above one third of an inch... The diameter of the 
wire he found one-186th part of an inch; and the 
thicknefs of the gold one-154500th part of an inch. 
But this, too, comes fhort of M. Reaumur; for, on 
this principle, the ounce of wire would only be 2680 
feet. 

But the ingot is not yet extended to its full length. 
The greateft part of our gold thread is fpun, or wound 
on filk ; and, before it is {pun, they flat it, by pafling 
it between two rolls, or wheels of exceedingly well 
polithed fteel; which wheels, in flatting it, lengthen it 
by above one feventh.: So that our 240 miles are now 
got to 274. 

‘The breadth, now, of thefe laminz, or plates, .M. 
Reaumur finds, is only one-8th of a line, or one-o6th 
ef an inch ; and their thicknefs one-3072d. . The ounce 
of gold, then, is here extended-to a furface of 1190 
fquare feet ; whereas, the utmoft the gold beaters can 
do, we have obferved, is to extend it to 146 {quare 
feet. But the gold, thus exceedingly extended, how 
thin mult it be! From M. Reaumur’s calculus, it is 
found to be one-175000th of a line, or one-2100000th 
of an inch; which is fearce one-13th of the thicknefs 
of Dr, Halley’s gold. 

But he adds, that this fuppofes the thicknefs of the 
fed every where equal, which is no ways probable ; 

tin beating eee leaves, whatever care they can 
beftow, it is impoffible to extend them equally. “This 
we eafily find, by the greater opacity of fome parts 
than others; for, where the leaf is thickeft, it will gild 
the wire the thickeit, 





M. Reaumur, 


puc 


“M. Reautnur, computing what? the thicknefs of the 
gold muft be where thine, finds it onlyone-31 50000th 
part of'an inch. But what is the one-31 sooooth part 

. of an inch? Yet this is not the utmoft ductility of gold: 
for, inftead of two ounces of gold to the ingot, which 
we have here computed upon, a fingle one might have 
been ufed ; and, then, the thicknefs of the gold, in the 
thinneft places, would only be the 6300000th part of an 
inch. : 

And yet, asthin as the plates are, they might be 
made twice as thin, yet fll be gilt; by only preffing 
them more between the flatter’s wheels, they are ex- 
tended to double the breadth and proportionably in 
length. So that’ their thicknefs, at laft, will be reduced 
to one thirteen or fourteen millionth part of an inch, 

Yet, with this amazing thinnefs of the gold, it is 
fill a perfeét cover for the filver: the beft eye, or even 
the belt microfcope, cannot difcover the leaft chafm, or 
difcontinuity. There is not an aperture to admit al- 
cohol of wine, the fubtileft Auid in nature, or even light 
itfelf, unlefs it be owing to cracks occafioned by repeat- 
ed ftrokes.of the hammer. Add, that if a piece of this 
gold thread, or gold plate be laid to diffolve in aquafor- 
tis, the filver will be all excavated, or eat out, and the 
gold left entire, in little tubules. 

Tt fhould be obferved, that gold, when it has been 
ftruck for fome time by a hammer, or violently com- 
preffed, as by gold wire drawers, becomes more hard, 
elaftic and ftiff, and lefs ductile, fo that it is apt to be 
cracked or torn: the fame thing happens to the other 
aietals by percuffion and compreffion. But duétility 
and traétability may be reftored to metals in that fate, 
‘by annealing them, or making them red hot. Gold 
feems to be more affeéted by percuffion and annealing, 
than any other metals. 

‘Asto the Ductitity of foft bodies, it is not yet car- 

wtied to that pitch. ‘The reader, however, muft not be 
furprifed that, among the duétile bodies of this clafs, 
ave give the firlt place to the moft brittle of all other, 
lafs. 

is Ducerisiry of Glafi. We all know, that, when well 
‘penetrated with the heat of the fire, the workmen can 
figure and manage glafs like foft wax ; but what is moft 
remarkable, it may be drawn, or {pun out into threads 
exceedingly fine and long. 

Our ordinary {pinners do not form their threads of 

“ilk, flax, or the like, with half the eafe, and expedition, 
as the glafs fpinners do threads of this brittle matter. 
We have fome of them ufed in plumes for children’s 
heads, and’ divers other works, much finer than any 
hair, and which bend and wave like it with every wind. 

Nothing is more fimple and eafy than the method of 
making them: there are two workmen employed ; the 
firft holds one end of a piece of glafs over the flame of 
a lamp; and, when the heat has foftened it, a fecond 
operator applics a glafs hook to the metal thus in fufion; 
and, withdrawing the hook again, it brings with it a 
thread of glafs, which {till adheres to the mafs: then, 
fitting his hook on the circumference of a wheel about 
two feet and a half in diameter, he turns the wheel as 
fatt as he pleafes ; which, drawing out the thread 
winds it on its rim; till, after a certain number of re- 
yolutions, it is covered with a fkain of glafs thread. 
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The mafs in fufion over the lamp diminifhes infer- 
fibly : being wound out, as it were, like a pelotoon, or 
clue of filk, upon the wheel ; and the parts, as they re+ 
cede from the flame, cooling, become more coherent 
to thofe next to them; and this by degrees: the parts 
neareit the fire are always the leaft coherent, and, of 
confequence, mutt give way to the effort the reit make 
to draw them towards the wheel. 

The circumference of thefe threads is ufually a flat 
oval, being three or four times as broadas thick : fome 
of them feem fcarce bigger than the thread of a filk 
worm, and are furprifingly flexible. If the two ends 
of fuch threads be knotted together, they may be drawn 
and bent, till the aperture, or {pace in the middle of the 
knot, doth not exceed onc-4th of a line, or one-48th of 
an inch diameter. 

Hence M. Reaumur advances, that the flexibility of 
glafs increafes in proportion to the finenefs of the 
threads; and that, probably, had we but the art of 
drawing threads as fine as a-fpider’s web, we might 
weave {taffs and cloths of them for wear. According- 
ingly, he made fome experiments this way ¢ and found 
he could make threads fine enough, viz, as fine, in his . 
judgment, as fpider’s thread, but he could never make 
them long enough to do any thing with them. 

Ducritiry of Spider’s-webs. See WEB. 

DUNGEON, Donyon, in Fortification, the higheft 
part of a caftle built after the ancient mode ; ferving 
as a watch-tower, or place of obfervation ; and alfo 
for the retreat of a garrifon, in cafe of neceffity, fo 
that they may capitulate with greater advantage, 

DUPLE, or Dousre Ratio, is that in which the 
antecedent term is double the confequent ; or, where 
the exponent of the ratio is 2. Thus, 6 to 3 is ina 
duple ratio. 

Sub-Durxe Ratio, is that in which the confequent 
is double the antecedent; or, in which the exponent 
of the ratio is$. As in 3 to 6, which is in fubduple 
ratio. 

DUPLICATE Ratio, is the {quare of a ratio, or 
the ratio of the {quares of two quantities. Thus, the 
duplicate ratio of a to 4, is the ratio of a® to J*, or of 
the {quare of a to the fquare of b.—In a feries of geo- 
metrical proportionals, the 1ft term is to the 3d, ima 
duplicate ratio of the 1ft to the'2d, or as the {quare of 
the firft to the {quare of the 2d: Thus, in the geo- 
metricals 2, 4, 8, 16, &c, the ratio of 2 to 8, is the 
duplicate of that of 2 to 4, or as the fquare of 2 to 
the fquare of 4, that is, as 4 to 16. So that dupli- 
cate ratio is the ratio of the fquares, as triplicate ratio 
is the ratio of the cubes, &c. 

DUPLICATION, is the doubling of a quantity, or 
multiplying it by 2, or adding it to itfelf. 

Duruication of a Cube, 18 finding out the fide ofa 
cube that fhall be double in folidity to a given cube: 
which is a celebrated problem, much cultivated by the 
ancient geometricians, about 2000 years ago. 

It was firft propofed by the oracle of Apollo at 
Delphos ; which, being confulted about the manner of 
ftopping a plague then raging at Athens, returned for 
an{wer, that the plague fhould ceafe when Apollo’s 
altar, which was cubical, fhould be doubled. Upon 
this, they applied themfelves in good carnelt, to leek 
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the duplicature of the cube, which from thence was 
called the Delian problem: 

This problem cannot be effeGted geometrically, as it 
requires the folution of a cubic equation, or requires 
the finding of two mean proportionals, viz, between the 
fide of the given cube aud the double of the fame, the 
firft of which two mean proportionals.is the fide of the 
double cube, as was firft obferved by Hippocrates of 
Chios, For, let a be the fide of the given cube, and % 
the fide of the double cube fought; then it isz3 = 
2a3, or a? ; 2 :3 % + 2a; fo that, if @ and x be the 
firft and 2d terms of a fet of continued proportionals, 
then a? ; 2? is the ratio of the fquare of the 1ft to. 
the fquare of the 2d, which, it is known, is the fame as 
the ratio of the 1{t term to the 3d, or of the 2d to the 
4th, that is of z to 2a; therefore x being the 2d term, 
za will be the 4th. So that x, the fide of the cube 
fought, is the 2d of four terms in continued proportion, 
the rft and 4th being a and 2a, that is, the fide of the 
double cube is the firft of two mean proportionals be- 
tween a and 2a. 

Eutocius, in his Commentaries an Archimedes, gives 
feveral ways of performing this by the mefolabe. In 
Pappus tooare found three different ways ; the firft ac- 
cording to Archimedes, the fecond according to Hero, 
and the 3d by an inftrument invented by Pappus, which 
gives all the proportions required. The fieur de Comiers 
has likewife publifhed a demontftration of the fame pro- 
blem, by means of a compafs with three legs. But all 
thefe methods are only mechanical. See Valerius 
Maximus, lib. 8 ; alfo Eutocius’s Com. on lib. 2. Ar- 
chimedes de Sphera & Cylindro; and Pappus, lib. 
3, prop. 5, & ib. 4» prop. 22. 

URER (Axzerr), defcended of an Hungarian 


family, but born at curing o in 1471, was. one of | 


the beit engravers, painters, and practical geometricians 
of his age. He was at the fame time a man of letters 
and a philofopher ; and he was an intimate friend of 
Erafmus, who revifed fome of the pieces which he pub- 
lithed. He was alfo a man of bulinefs, and for many 
years the leading magiftrate of Nuremberg. 

Though not the inventor, he was one of the fin and 
greateft improvers of the art of engraving. He was 
however the inventor of cutting in wood, which he de- 
vifed and praétifed: in great perfection, ufing this way 

- for expedition, as he had a multitude of defigns to exe- 
cute; and as his work was ufually done in the moft ex+ 
quifite manner, his pieces took him up much time. For 
in many of thofe prints which he executed on copper, 
the engraving is elegant to a great degree. His Hell- 
Scene in particular, engraven in the year 1513, is as 
highly finifhed a print as ever was engraved, and as hap- 
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pily executed. In his wooden prints too * is furprif- 
ing to fee fo much meaning in fo carly a mafter. In 
fa&, Durer was a man of a very extenfive genius. His 
piGures were excellent ; as well as his prints, which: * 
were very numerous. They were much admired, from: 
the firt, and eagerly bought up; which put his wife, 
who was another Xantippe, upon urging him to fpend 
more time upon engraving than he was inclined to do: 
for he was rich; and chofe rather to practife his art 
as an amufement, than as a bufinefs. He diedat Nu-- 
remberg, in 1528, at 57 years of age. 

Albert Durer wrote feveral books, in the German: 
language, which were tranflated into Latin by other 
perions, and publifhed after his death. viz, 

1. His book upon the. rules of painting, intitled, 
De Symmetria Partium in refis formis Humanorum Corpo- 
rum, is one. of them: printed in folio, at Nuremberg, 
in 1532; and at Paris in 1557. An Italian verfion alfo- 
was publithed at Venice, in 1591. 

2. Lnflitutiones Geometrice ; Paris 1532. 

3. De Urbibus, Arcibus, Caftellifque condendis &F mw 
niendis ; Paris 1531. 

42 De Varietate Figurarum, et Flexuris Partium, et 
Geftibus Imaginum ; Nuremberg 1534. ~ 

‘The figures int thefe books, which are from wooden 
plates, are very numerous, and molt admirably well exe- 
cuted, indeed far beyond any thing of the kind done in 
our own days. Some of them alfo are of a very large 
fize, as much as: 16 inches in length, and of a propors 
tional breadth, which being exquifitely worked, muft 
have coft great labour. His geonietry is chiefly of the 
practical kind, confifting of the moft curious defcrip- 
tions, infcriptions, and circumI(criptions of geometrical 
lines, planes, and folids, We here meet, for the firft 
time, with the plane figures, which folded up make the 
five regular or platonic bodies, as well as that curious 
conftruction of a pentagon, being the laft method in 
prob. 23 of my Menfuration. 

DYE, in Architeéture, the trunk of ‘the pedeftal, 
or that part between the bafe and the cornice, being fo 
called, becaufe it is often made in the form of a: dye or 
cube. 

DYMANICS, is the fcience of ‘moving ‘powers $ 
more particularly of the motion of bodies that mu- 
tually a& on one another. See Mecuanics, Motion, 
Communication of Motion, Oscitration, Percus- 
sion, &c. 

DYPTERE, or Dirrers, was a kind of temple, 
encompaffed round with a double row of columns ; and 
the pfeudo-diptere, or falfe diptere, was the fame, only 
this was encompaffed with a fingle row of columns, in 
flead of a double row. 
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AGLE, Aquila, is a conftellation of the northern 
hemifphere, having its right wing contiguous to 
-the equino¢tial. For the flare in this conftellation, fee 


Agquita. 


EARTH, Terra, in Natural Philofophy, one of the 
“four vulgar, or Peripatetical elements ; defined a fimple, 
-dry, and cold fubftance ; and, as fuch, an ingredient in 
:the compofition of all natural bodies. 

The Eantu, in Geography, this terraqueous globe 
‘or ball, which we inhabit, confifting of land and fea. 


Figure of the Eartu. The ancients had various opi- 
anions as to the figure of the earth : fome, as Anaximan- 


der and Leucippus, 


held it cylindrical, or in form of a 


drum: but the principal opinion was, that it was flat; 
that the vifible horizon was the bounds of the earth, 
-and the ocean the bounds of the horizon ; that the hea- 
vens and earth above this ocean were the whole vifible 
univerfe ; and that all beneath the ocean was Hades: 
and of this fame opinion were alfo fome of the Chriftian 


fathers, as Liactantiu 


3, St. Au ftine, &c. See Lagtan. 


‘ib. 3, cap. 24; St. Aug. lib. 16, de Civitate Dei; 
Ariftotle de Coelo, lib. 2, cap. 13. 


* Such of the anc 


jents however as underitood any 


thing of aftronomy, and efpecially the doétrine of 


eclipfes, muft have 
figure of the earth 5 


been acquainted with the round 
as the ancient Babylonian aftrono- 


-mers, who had calculated eclipfes long before the time 
of Alexander, and Thales the Grecian, who predi&ed 
aneclipfe of the fun. It is now indeed agreed on all 
hands, unlefs perhaps by the moft vulgar and ignorant, 
‘that the form of the terraqueous globe is globular, or 


wery nearly fo. 


‘That the exterior of the earth is round, or rotund, 
js manifeft to the moft common perception, in the cafe 
of a hhip failing either from the land, or towards it ; for 
when a perfon ftands ae the fhore, and fees a fhip fail 


from the land, out to 1 


ea; at firft he lofes fight of the 


hull and lower parts of the fhip, next the rigging and 


middle parts, and la 
felves, in every cafe 
the fhip and the ey 


fly of the tops of the maits them- 
the rotundity of the fea between 
e being very vifible: the contrary 


happens when a fhip fails towards us; we firft fee the 
tops of the mafts appear jut over the rotundity of the 


fea; next we percel 


ve the rigging, and laftly the hull 


“pf the thip tfelf: all which is well Mluftrated by the 


following figure. 





‘The round figure of the earth is alfo evident from 
the eclipfes of the fun and moon; for in all eclipfes of 
the moon, which are caufed by the moon pafling through 
the earth’s fhadow, that fhadow always appears circular 
upon the face of the moon, what way foever it be pro- 
jected, whether eaft, weft, north, or fouth, and howfo- 
ever its diameter vary, according to the greater or lefe 
diftance from the earth. Hence it follows, that the 
fhadow of the earth, in all fituations, is really conical 5 
and confequently the body that projects ity i.e, the 
earth, is at leaft nearly fpherical. 

The fpherical figure of the earth és alfo evinced from 
the rifing and fetting of the fun, moon, and ftars ; all 
which happen fooner to thofe who live to the eait, and 
later to thofe living weftwardly ; and that more or lefs 
fo, according to the diftance and roundnefs of the 
earth. 

So alfo, going or failing to the northward, the north 
pole and northern ftars become more elevated, and the 
fouth pole and fouthern ftars more depreffed ; the cle» 
vation northerly increafing equally with the depreffion 
foutherly ; and either of them proportionably to the 
diftance gone. The fame thing happens in going to 
the fouthward. Befides, the oblique afcenfions, de» 
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{eenfions, emerfions, and amplitudes of the rifing and - 


fetting of the furrand ftars in every latitude, are agrée- 
able to the {uppofition of the earth’s being of a {phe- 
rical form: all which could not happen if it was of 
any other figure. 

‘Moreover, the roundnefs of the earth is farther con- 
firmed by its having been often failed round: the firft 
time was in the year 1519, when Ferd. Magellan made 
the tour of the whole globe in 1124 days. In the year 
1557 Francis Drake performed the fame in 1056 days: 
in the year 1586, Sir Tho, Cavendifh made the fame 
voyage in 777 days 5 Simon Cordes, of Rotterdam, in 
the year 15903; m the year 1598, Oliver Noort, a 
Hollander, in 1077 days; Van Schouten, in the year 
1615, in 749 days; Jac. Heremites and Joh. Huy- 
gens, in the year 1623, in 802 days: and many others 
have lince performed the fame navigation, particularly 
Anfon, Bougainville, and Cook, Sometimes failing 
round by the caftward, fometimes to the weitward ; till 
at length. they arrived again in Europe, from whence 
they fet out; and in the courfe of their voyage, ob- 
ferved that all the phenomena, both of the heavens and 
earth, correfpond to, and evince this f{pherical figure. 

The fame globular figure is likewife inferred from 
the operation of Levelling, in which it is found necef- 
fary to make an allowance for the difference between 
the apparent and the true level, 

The natural caufe of this {phericity of the globe is, 
according to Sir Ifaac Newton, the great principle of 
attra€tion, which the Creator has flamped on all the 
matter in the univerfe ; and by which all bodies, and all 
the parts of bodics, mutually attraét one another.— 
And the fame is the caufe of the fphericity of the 
drops of rain, quickfilver, &c. 

‘What the earth lofes of its {phericity by mountains 
and valleys, is nothing confiderable ; the higheft emi- 
nence being fcarce equivalent to'the minuteft protuber- 
ance on the furface of an orange. Its difference from 
a perfeét fphere however is more confiderable in ano- 
ther refpeét, by which it approaches nearly to the fhape 
of an orange, or to an oblate fpheroid, being a little 
flatted at the poles, and raifed about the equatorial 
parts, fo that the axis from pole to pole is lefs than 
the equatorial diameter. What gave the firit occafion 
to the difcovery of this figure of the earth, was the ob- 
fervations of fome French and Englith philofophers in 
the Eaft-Indies, and other parts, who found that pen- 
dulums, the nearer they came to the equator, perform- 
ed thejr vibrations flower: from whence it follows, that 
the velocity of the defcent of bodies by gravity, is lefs in 

. countries nearer to the equator 3; and confequently that 
thofe parts are farther removed from the centre of the 
earth, or. from the common centre of gravity. See the 
Hifory of the Royal Academy of Sciences, by Du 
Hamel, p. 110, 156, 206; and PHift. de ?Acad, Roy. 

. 1700 and 1701.—This circomftance put Huygens and 
Newton upon finding out the caufe, which they at- 
tributed to the revolution of the earth about its axis. 
Ifthe earth were in a fluid fate, its rotation round 
its axis would neceflarily make it put on fuch a figure, 
becaufe the centrifugal force being greateft to- 
wards the equator, the fluid would there rife and 
fell moit ; and that its figure really fhould he fo now, 
feems neceffary, to keep the fea in the equino¢tial re- 
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gions from overflowing the earth about thefe parta 
See this curious fubject, well handled by Huygens, in 
his difcourfe De Caufa Gravitatis, pa. 154, where he 
fates the ratio of the polar diameter to that of the 
equator, as 577 to §78. And Newton, in his Princi- 
pia, firfl publithed in 1686, demonitrates, from the the- 
ory of gravity, that the figure of the earth mult be that 
of an oblate {pheroid generated by the rotation of an 
ellipfe about its fhorteft diameter, provided all the parts 
of the earth were of an uniform denfity throughout, 
and that the proportion of the polar to the equatorial 
diameter of the earth, would be that of 689 to 692, 
or nearly that of 22g to 230, or as *9956522 to 1. 

This proportion of the two diameters was calculated 
by Newton in the following manner. Having found 
that the centrifugal force at the equator is 4! sth of 
gravity, he affumes, as an hypothefis, that the axis of 
the earth is to the diameter of the equator as 100 to 
lor, and thence determines what mutt be the centrifu- 
gal force at the equator to give the earth fuch a form, 
and finds it to be @;ths of gravity: then, by the rule 
of proportion, if a centrifugal force equal to ;$, ths 
of gravity would make the earth higher at the equator 
than at the poles by y3gth of the whole height at the 
poles, a centrifugal force that is the z{gth of gravity 
will make it higher by a proportional excefs, which by 
calculation is :fyth of the height at the poles; and 
thus he difcovered that the diameter at the equator is 
to the diameter at the poles, or the axis, as 230 to 229. 
But this computation fuppofes the earth to be eve 
where of an uniform denfity ; whereas if the earth is 
more denfe near the centre, then bodies at the poles 
will.be more attraéted by this additional matter being 
nearer ; and therefore the excefs of the femi-diameter . 
of the equator above the femi-axis, will be different. 
According to this proportion between the two diame- 
ters, Newton farther computes, from the different 
meafures of a degree, that the equatorial’ diamecer will 
excecd the polar, by 34 miles and 4. 

Neverthelefs, Meffrs Caffini, both father and for, the 
one in 1701, and the other in 1713, attempted to prove, 
in the Memoirs of the Royal Academy of Sciences, thsi 
the earth was an oblong fpheroid; and in 1718, M. 
Caffini again undertook, from obfervaticns, to fhew that, 
on the contrary, the longeft diameter paflvs thro : 
Si which gave occalion for Mr, John Ber 2 an 

is Effai d'une Nouvelle Phyfique Celeite, priated vt 
Paris in £535, to triumph over the Brith phidofo: 
apprehending that thefe obfervations would in. at 
what Newton had demonftrated. Andin 1720, M. De 
Mairan advanced arguments, fuppofed tobe ftrengthen- 
ed by geometrical demonftrations, farther to conk 
the aflertions of Caffini, But in 1735 two companics 
of mathematicians were employed, one for a northern, 
and another for a fouthern expedition, the reftdt of 
whofe obfervations and meafurement plainly proved that 
the earth was flatted at the poles. See Decrec. 

The proportion of the equatorial diameter to the po- 
lar, as flated by the gentlemen employed on the north- 




















-ern expedition for meafuring’a degree of the meridian, 


is as 1 to o-g8gt; by the Spanifh matheraaticians as 
266 to 265, or as 1 to 0996243 by M. Bouguer as 

179 to 178, or as I to O99441. 
As to all conclufions however deduced from the 
3F length 


EAR 
“Jength of pendulums in different places, it is to be ob- 
ferved that they proceed upon the fuppofition of the 
uniform denfity of the earth, which is a very improba- 
ble circumftance ; as juftly obferved by Dr. Horfley 
in his letter to Capt. Phipps. ‘¢ You finiff: your ar- 
ticle, he concludes, relating to the pendulum with fay- 
ing, * that thefe obfervations give a figure of the earth 
nearer to Sir Haac Newton’s computation, than any 
others that have hitherto been made ;’ and then you 
ftate the feveral figures given, as you imagine, by former 
obfervations, and by your own. Now it is very true, 
that if the meridians be ellipfes, or if the figure of the 
earth be that of a fpheroid generated by the revolution 
of an ellipfis, turning on its fhorter axis, the particular 
figure, or the ellipticity of the generating elliplis, which 
your obfervations give, is nearer to what Sir liaac New- 
ton faith it fhould be, if the glube were homogencous, 
than any that can be derived from former obfervations. 
But yet it is not what you imagine. Taking the gain 
of the pendulem in latitude 79° 50! exaétly as you 
ftate it, the difference between the equatorial and the 
polar diameter, is about as much Jefs than the Newto- 
nian computation makes it, and the hypothefis of ho- 
mogenciy would require, as you reckon it to be greater. 
‘The proportion of 212 to 211 fhould indeed, according 
to your obfervations, be the proportion of the force that 
aéts upon the pendulum at the poles, to the force acting 
upon it at the equator, But this is by no means the 
fame with the proportion of the equatorial diameter to 
the polar. Ifthe glohe were homogeneous, the equa- 
torial diameter would exceed the polar by ;1 of the 
length of the latter: and the polar force would alfo ex- 
ceed the equatorial by the like put. But if the differ- 
ence between the polar and equatorial force be greater 
than 34g, (which may be the gafe in an heterogeneous 
globe, and feems to be the cafe in ours,) then the 
difference of the diameters fhould, according to theory, 
be lefs than g}q, and vice verfa. 

+6 T confefs this is by no means obvious at firlt fight ; 
fo far otherwife, that the miltake, which you have fallen 
into, was once wery general. Many of the beft mathe- 
maticians were mifled by too implicit a reliance upon 
the authority of Newton, who had certainly confined 
his inveftigations to the homogericous {pheroid, and had 
thought about the heterogeneous only in a leofe and 
soe way. The late Mr. Clairault was the firft who 

et the matter right, in his elegant and fubtle treatife 
on the figure of the earth, That work hath now been 
many years in the hands of mathematicians, among 
whom I imagine there are none, who have confidered 
the fubje& attentively, that do not acquiefce in the au- 
thor’s conclulions. 

“ In the 2d part of that treatifé, it is proved, that 
putting P for the polar force, for the equatorial, 3 
for the true ellipticity of the earth’s figure, and ¢ for 
the ellipticity of the homogeneous fpheriod, 


P-0 P—II 
m= 22 — O: therefore d= 2 a3 








and therefore, according to your obfervation, ?= g};. 
This is the juft conclution Bom your obfervations of 
the pendulum, taking it for granted, that the meridians 
are ellipfes ; which is an hypothefis, upon which all the 
reafonings of theory have hitherto proceeded. But 
plaufble as it may feem, I muft fay, that there is much 
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reafon from experiment to call it in queflion. If it 
were true, the increment of the force which aétuates 
the pendulum, as we approach the poles, thould be as 
the fquare of the fine of the latitude: or, which is the 
fame thing, the decrement, as we approach the equa- 
tor, fhould be as the {quare of the coline of the latitude. 
But whoever takes the pains to compare together fuch 
of the obfervations of the pendulum in different lati- 
tudes, as feem to have heen made with the greateft care, 
will find that the increments and decrements do by no 
means follow thefe proportions ; and in thofe which I 
have examined, I find a regularity in the deviation 
which little refembles the mere error of obfervation. 
The unavoidable conclufion is, that the true figure of 
the meridians is not elliptical. If the meridians are 
not ellipfes, the difference of the diameters may indeed, 
or it may not, be proportional to the difference between 

ar and the equatorial force ; but it is quite an 
what relation fubfits between the one 
qu 1 the other; our whole theory, except fo 
far as it velates to the homozcneous {pheroid, is built 
upon falfe afumptions, and there is no faying what 
figure of the earch any obfervations of the pendulum 
sive? 

Ue then lays down the following table, which fhews 
the different refults of obfervations made in different la- 
titudes ; in which the firlt thrce columns contain the 
names of the feveral obfervers, the places of obfervation, 
and the latitude of each; the 4th column fhews the 
quantity of Pp—1 in fuch parts as si is 1co000, as dié- 
duced from comparing the length of the pendulum 
at each place of obfervation, with the length of the 
equatorial pendulum as determined by M. Bougucr, 
upon the fuppofition that the increments and decré- 
ments of force, as the latitude is increafed or lowered, 
obferve the proportion which theory affigns. Only the 
2d andthe lait value of P—1 are concluded from com- 
parifons with the pendulum at Greenwich and at Lon- 
don, not a the equator. The sth column fhews the 
value of torrefponding to every value of P—M, ace 
cording to Clairault’s theorem ; : 













Obfervers. Places. Latitudes. i p—ii| > 
Bouguer Equator of oO’ 
Bouguer Porto Bello 9 34 1740S ls t5 
Green Otaheitee 17 29 15632 | rhe 
Bouguer San Domingo|.18 27, [9x0 i43 
Abbe de la Cape of §¢ Se pee 
Caille Good Hope i 3355 | 7305 
a - - | Paris 48 50 | 585°s ary 
ec Acade- i y 1 
sirens i Pello 66 48 |565°0| sick 
Capt. Phipps | - - - - ! 79 50 14782 4n4, 





« By this table it appears, that the obfervations in 
the middle parts of the globe, fetting afide the fingle 
one at the Cape, are as confiftent as could reafonably 
be expeGted; and they reprefent the ellipticity of the 
earth as about y4g- But when we come within 10 
degrees of the equator, it fhould feem that the force of 
gravity fuddenly becomes much Icfs, and withie the like 

diftance 
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diftanée of the poles much greater than it could be in 
fuch a {pheroid.” 

The following problem, communicated by Dr Lea- 
therland to Dr. Pemberton, and publifhed by Mr. Ro- 
bertfon, ferves for finding the proportion between the 
axis and the equatorial diameter, from ineafures taken 
of'a degree of the meridian in two different latitudds, 
{uppofing the earth an oblate {pheroid. 


7? . 
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Let APap be an ellipfe reprefenting a fection of the 
earth through the axis Pp; the equatorial diameter, 
or the greater axis of the ellipfe, being Aa; let E and 
F be two places where the meefure of a degree has 
been taken ; thefe meafures are proportional to the ra- 
dii of curvature in the ellipfe at thofe places; and if 
CQ, CR be conjugates to the diameters whofe verti- 
eesare E and F, CQ willbe to CR in the fubtriplicate 
ratio of the radius of curvature at E to that at F, by 
Cor, 1, prop. 4, part 6 of Milnes’s Conic Se@ions, and 
therefore in a given ratio to one another; alfo the 
angles QCP, RCP are the latitudes of Band F; fo 
that, drawing QV parallel to Pp, and QKYW to Aa, 
thefe. angles being given, as well as the ratio of CQ_ 
to CR, the redtilinear figure CVQXRY is given in fpe- 
cies ; and the ratio of VC?~Z QX x XW) to 
RZ* — QV? (= RX x XS) is given, which is the ra- 
tio of CA? to CP; therefore the ratio of CA to CP 
is given, 

Hence, if the fine and cofine of the greater latitude 
be each augmented in the fubtriplicate ratio of the 
meature of the degree in the greater latitude to that in 
the lefler, then the difference of the-fquares of the aug- 
mented fine, and the fine of the lefler latitude, will be 
to the ‘difference of the fquares of the cofine of the lef- 
fer latitude and the augmented cofine, in the duplicate 
ratio of the equatorial to the polar diameter. For, Cg 
being taken in CQ equal to CR, and gv drawn parallel 
to QV, Cv and vg, CZ and ZR will be the figns and 
colines of the refpettive latitudes to the fame radius ; 
and CV, VQ_ will be the augmentations of Cv and Cg 
in the ratio named. . 

Hence, to find the ratio between the two axes of the 
earth, let E denote the greater, and F the lefler of the 
two latitudes, M and N the refpeGiive meafures taken 


in each ; and let P denote wh et then 


fel? F—-P*xcoftE,  leffer axis 
P* x fine — ine F = greateraxis™ 
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It alfo appears by the above problem, that wlttn one of 
the degrees meafured, is at, the equator, the cofine of the 
latitude of the other being augmented in the fubtripli- - 
cate ratio of the degrees, the tangent of the latitude 
will be to the tangent anfwering to the augmented co- 
fine, in the ratio of the greater axis to the'lefs. For 
fuppofing E the place out of the equator; then if the 
femi-circle Plinp be deferibed, and /C joined, and mo 
drawn parallel to: aC : Co is the cofine of the latitude 
to the radius CP, and CY that cofine augmented in 
the ratio before-named ; YQ being to Y/, that is Ca to 
Cnor CP, as the tangent of the angle YCQ,, the lati- 
tude of the point E, to the tangent of the angle YC/, 
belonging to the augmented coline. Thus, if M re- 
prefent the meafure in a latitude denoted by E, and N 
the meafure at the equator, let A denote an angle 


whofe meafure is : 
M tan, A leffer axis 
f. if x. is ——_—, 
cof, E x Wy N Then tan EB greateraxis 
But M, or the length of a degree, obtained by ac= 
tual menfuratiqn in different latitudes, is known from 
the following table : 








Value of M. ‘ 


Name}. Latit. 
ioe toifes 
Maupertuis and Affoc.}66 20|M = 57438 
Caffini and 49 221M = 57074. 
La Caille 45 00|M= 57050 
Bofcovich 43 00 |M = 56972 
De la Caille 33:18 |M = 57037 
A and Ulloa [00 co|M = 56768 ) at the 
ouguer oo 00 |M = 56753 + equa- 
Contamtie co co !|M = 56749 | tor. 


Now, by comparing the 1ft with each of the follow 
ing ones ; the 2d with each of the following; and.in 
like manner the 3d, 4th, and sth, with each of the fol- 
lowing ; there will be obtained 25 refults, each fhewin 
the relation of the axes or diameters; the arithmetical 
means of all of which will give that ratio as 1 to- 
0°995 1989. 

AP the Tacit of the latitudes of 49° 22’, and of 
45°, which fall within the meridian line drawn through 
France, and which have been re-examined and corrected: 
fince the northern and fouthern expedition, be com- 
pared with thofe of Maupertuis and his aflociates in 
the north, and that of Bouguer at the equator, there 
will refult 6 different values of the ratio of the two 
axes, the arithmetical mean of all which is that of 1 to 
0°995 3467, which may be confidered as the ratio of 
the greater axis to the lefs; which ig-as 230 to 
228°92974, or 215 to 214, or very near the ratio as 
affigned by Newton. 

Now, the magnitude as well as the figure of the 
earth, that is the polar and equatorial diameters, may 
be deduced from the foregoing problem. For, as half 
the latus re€tum of the greater axis Aa is the radius of 
curvature at A, it is given in m3gnitude from the de- 
gree meafured there, and thence the axes themfelves are 
given. Thus, the circular are whofe length is equal to 
the radius being §7°29578 degrees, if this number be 
multiplied by 56750 toifes, the meafure of a degree at 
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the equatdr, as Bouguer has ftated it, the product will 
be the radius of curvature there, or half the latus rec- 
tum of the greater axis; and this is to half the leffer 
axis in the ratio of the lefs axis to the greater, that is, 
as 0°9953467 to 1; whence the two axes are 6533820 
and 6564366 toifes, or 7913 and 7950 Englifh miles ; 
and the difference between the two axes about 37 
miles. See Robertfon’s Navigation, vol. 2, pa. 206 
&c. See alfo Suite des Mem. de PAcad. 1718, pa. 
247, and Maclaurin’s Floxjons, vol. 2, book ¢, 
che 14, : 

And very nearly the fame ratio is deduced from the 
lengths of pendulums vibrating in the fame tme, in dif- 
ferent latitudes ; provided it be again allowed that the 
meridians are real ellipfes, or the earth a true {pheroid, 
which however can only take place in the cafe of an 
uniform gravity in all parts of the earth, 

‘Thus, in the new Peterfburgh Ads, for the years 
1788 and 17%, are accounts and calculations of expe- 
riments relative to this fubject, by M. Kraift.. Thefe 
experiments were made at different times and in various 
parts of the Ruffian empire. This gentleman has col- 
Jected and compared them, and drawn the proper con- 
clutious from them: thus he infers that the length « of 
a pendulum that fwings feconds in any given lati- 
tude a, and in a temperature of 10 degrees of Reau- 
mur’s thermometer, may be determined by this equa- 
tion: , 

x = 439'178 + 2°321 fine 2a, lines ofa French foot, 
or x = 39°0045 + 0'206 fine a, in Englifh inches, 
in the temperature of 53 of Fahrenhcit’s thermometer. 

‘This expreffion nearly agrees, not only with all the 
experiments made on the pendulum in Ruffia, but alfo 
with thofe of Mr. Graham in England, and thofe of 
Mr. Lyons in 79° 50’ north latitude, where he found 
its length to be 431°38 lines, It alfo fhews the aug- 
mentation of gravity from the equator to the paralkl 
of a given latitudea: for, putting g for the gravity 
under the equator, G for that under the pole, and y for 
that under the latitudea, M. Krafft finds 
ys (1 -f 0005 2848 fine 2a) g 5. and theref. G= 
50052848 g. F 

’ From this proportion of gravity under different lati- 
, tudes, the fame author infers that, in cafe the earth 





~ ig a homogeneous ellipfoid, its oblatenefs muft be +353. 


inftead of g4¢, which ought to be the refult of this 
hypothedis : but on the {uppofition that the earth is a 
heterogencous ellipfoid, he finds its oblatenefs, as de- 
duced from thefe experiments, to be z$, 5 which agrees 
with that refulting from the meafurement of fome of. 
the degyees of the meridian. This confirms an obfer- 
vation of M. De la Place, that, if the hypothefis of the 
earth’s homogeneity be given up, then theory, the mea- 
furement of Begrees of latitude, and experiments with 
the pendulum, all agree in their refult with refpect to 
the oblatenefs of the earth. See Memoires de ’ Acad. 
1783, pa 17+ 

In the Philof. Tranf. fur 1791, pa. 236, Mr. Dal- 
by bas given fome calculations an meafured degrees of 


the meridian, from whence he infers, that thofe de- . 


grees meafured in middle latitudes, will anfwer nearly. 
to an ellipfoid whofe axes are in the ratio affigned by 
Newton, viz, that of 230 to229. And as to the de- 
viations of fome of the others, viz, towards the poles 
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and equator, he thinks they are caufed by the errors in 
the obferved celeftial arcs, 

Tacquet draws fome pretty little inferences, in the 
form of paradoxes, from the round figure of the earth 5 
as, ft, That if any part of the furface of the earth 
were quite plane, a man: could no more walk upright 
upon it, than on the fide of a mountain. 2d, That 
the traveller’s head goes a greater {pace than his feet 5 
and a horfeman than a footman ; as moving in.a.greater 
circle. 34, That a veffel, full of water, being raifed 
perpendicularly, fome of the water will be continually 
flowing out, yet the veffel {till remain full; and on the 
contrary, if a veffel of water be let perpendicularly 
down, though nothing flow out, yet it will ceafe to be 
full: confequently there is more water contained in the 
fame veflel at the foot of a mountain, than on the top; 
becaufe the furface of the water is comprefled into 
afegment of a fmaller {phere below than above. ‘T'acq. 
Aftron, lib, 1, cap. 2. 

Changes of the Eartu. Mr. Boyle fufpeéts that 
there are great, though flow internal changes, in the 
mafs of the earth. He argnes from.the varieties ob- 
ferved in the change of the magnetic needle, and from 
the obferved changes ig the temperature of climates. 
But as to. the latter, there is reafon to doubt that he 
could not have diaries of the weather fufficient to direct 
his judgment. Boyle’s Works abr. vol. 1, pa. 292, &c. 

Magnetifin of the Earra. The notion of the mag 
netifm of the carth was ftarted by Gilbert ; and Boyle 
fuppofes magnetic efluvia moving from one pole to the 
other. See his Works abr. vol. 1, pa. 285, 290. 

Dr. Knight alfo thinks that the earth may be confi+ 
dered as a great loadftone, whofe magnetical parts are 
difpofed in a very irregular manner ; and that the fouth 
pole of the earth is analogous to the north pole in mag-- 
nets, that is, the pole by which the magnctical ftream 
enters, See Macner.. 

He obferves, that all the phenomena attending the 
diretion of the needle, in different parts of the earth, 
in great meafure correfpond with what happens to a 
needle, when placed upon a large terrella ; P we make 
allowances for the different: difpofitions of the magneti- 
cal parts, with refpe& to each other, and confider the 
fouth pole of the earth as a north pole with regard to 
magnetifm. ‘The earth might become magnetical by 
the iron ores it contains, for all iron ores are capable of 
magnetifm. It is.true, the globe might notwithftand- 
ing have remained unmagnetical, unlcfs fome caufe had 
exifted capable of making that repellent matter pro~ 
ducing magnetifm move in a ftream through the earth. 

Now the do@or thinks. that fuch a caufe does exift. 
For if the earth. revolves round the fun in an ellipfis, . 
and the fouth pole of the earth is direéted towards the: 
fun, at the time of its defcent towards it, a ftream of 
repellent matter will thence be made to enter,at the fouth- 
pole, and iffue-out at the north. And he fuggefts, that: 
the earth’s being in its perihelion in winter may be one- 
reafon why magnetifm is. ftronger. in this feafou than in 
fummer. 

This caufe here affigned for the earth’s magnetifm 
mutt continue, and perhaps improve it, from year to. 
year. Hence the doéor thinks it probable, that the 
earth’s magnetifm has been improving ever fince the 
creation, and that this may be one reafon why the ue 3 
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of the compafs was not difcovered fooner. See Dr. 
Knight’s Attempt to demonftrate, that all the pheno- 
mena in nature may be explained by Attra¢tion and 
Repulfion, prop. 87. 

Magnitude and Confiitation of the Earta. This has 
been varioufly determined by different authors, both 
ancient and modern. The ufual way has been, to 
meafure the length of one degree of the meridian, and 
multiply it by 360, for the whole circumference. See 

’ Decree. Diogenes Laertius informs us, that Anaxi- 
mander, a {cholar of Thales, who lived about 550 years 
before the birth of Chrilt, was the firit who gave an 
account of the circumference of the fea and land ; and 
it feems his meafyre was ufed. by the fuccecding mathe- 
maticians, till the time of Eratofthenes. Ariftotle, at 


_ the end of lib. 2 De Coelo, fays, the mathematicians: 


who have attempted to mcafure the circuit of the earth, 
make it 4oooo ftadiums: which it is thought is the 
number determined by Anaximander. 

Eratofthenes, who lived about 200 years before 
Chrift, was the next who undertook this bufinefs; 
which, as Cleomedes relates, he performed by taking 
the fun’s zenith diltances, and meafuring the diftance 
between two places under the fame meridian; by which 
he deduced for the whole circuit about 250000 fta- 
diums, which Pliny flates at 31500 Roman miles, rec- 
koning each at 1000 paces, But this meafure was ac- 
counted falfe by many of the ancient mathematicians, 
and particularly by Hipparchus, who lived 100 years 
afterwards, and who added 25000 ftadiums to the cir- 
cuit of Eratotthenes. 

Poffidonius, in the time of Cicero and Pompey the 
Great, next meafured the earth, viz, by means of the 
altitudes of a ftar, and meafuring a part of a meridian ; 
and he concluded the circumference at 24.0000 ftadiums, 
according to Cleomedes, but only at 18cooe according 
to Strabo. 

Ptolomy, in his Geography, fays that Mariaus, a 
celebrated geographer, attempted fomething of the 
fame kind ; and, in lib. 1, cap. 3, he mentions that he 
himfelf had tried to perform the bufinefs in a way dif- 
ferent from any other before him, which was by means 
of places under different meridians: but he does not 
fay how much he made the number ; for he ftill made 
ufe of the 180000, which had been found out before him. 

Snellius relates, from the Arabian Geographer A bel- 
fedea, who lived about the 1 300th year uf Chrift, that 
about the 800th year of Chrift, Almaimon, an Ara- 
bian king, having collected tegether fome fkilful ma- 
thematicians, commanded them to find out the circum- 
ference of the earth. Accordingly thefe made choice 
of the fields of Mefopotamia, where they meafured wn- 
der the fame meridian from north to fouth, till the pole 
was depreffed one degree lower: which meafure they 
found equal to 56. miles, or 564: fo that according to 
them the circuit of the earth is 20160 or 20340 miles. 

It was along time after this before any iore at- 
tempts were madein this bufinefs. At length however, 
the fame Snell, above mentioned, profcflor of mathema- 
tics at Leyden, about the year 1520, with great {kill 
and labour, by meafuring large diftances between two 
parallels, found one degree equal to 28500 perches, 
each of which is 12 Rhnland feet, amounting to 19 
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Dutch miles, and fo the whole periphery 6840 miles 5 


a mile being, according to him, 1500 perches, or 
18000 Rhinland feet. See his treatife called Erato/- 
thenes Batavus. 

‘The next that undertook this meafurement, was Ri- 
chard Norwood, who in the year 1635, by meafuring 
the diftance from London to York ‘with a chain, and 
taking the fun’s meridian altitude, June 11th old ftyle, 
with a fextant of about 5 feet radius, founda degree 
contained 367200 feet, or 69 miles and a half and 14 
poles; and thence the circumference of a great circle of 
the earth is a little more than 25036 miles, and the di, 
ameter a little more than 7966 miles. See the particu 
lars of this meafurement in his Seaman’s Pratétice. 

The meafurement of the earth by Snell, though 
very ingenious and troublefome, and much more accu- 
rate thanany of the ancients, being {till thought by 
fome French mathematicians, as liable to certain fmall. 
errors, the bufinefs was renewed, after Snell’s manner, 
by Picard and other mathematicians, by the“ king’s 
command ; ufing a quadrant of 3% French feet radius ; 
by which they found a degree contained 342360 French 
feet. See Picard’s treatife, La Mefure de la Terre. 

M. Caffini the younger, in the year 1700, by the 
king’s command alfo, renewed the bufinefs with a qua-- 
drant of ro feet radius, for taking the latitude, and 
another of 34 feet for taking the angles of the trian- 
gles; and found a degree, from his. calculation, contain- 
ed 57292 toifes, or almoft 69% Englith miles, 

See the refults of many other meafurements under 
the article Decree. From the mean of all which, the: 
following dimenfions may be taken as near the truth; 

the circumference 25000 miles, 

the diameter 7957% miles; 

the fuperficies 198944206 {quare milesy 

the folidity 263930000000 cubic miles. 
Alfo the feas and unknown parts of the earth, by a 
meafurement ofthe beft maps, contain 169522026 
{quare miles, the inhabited parts 38922180; of which 
Europe contains 4456065; Afia, 10768823 ; Africa,, 
9654807 5 and America, 14110874, 

It is now generally granted that the terraqueous. 
globe has two motions, befides that on which the pre- 
ceffion of the equinoxes depends. the one diurnal 
around its own axis in the {pace of 24 hours, which 
conflitutes the natural day or. nyéthemeron ; the other 
anoual, about the fun, in an elliptical orbit or track, in 
365 days 6 hours, conftituting the year. Trom the 
former arife the diverfities of night and day ; and from 
the latter, the viciffitudes of feafons, fpring, fummer,, 
autumn, winter. 

‘The terraqueous globe is diftinguithed into three 
farts or regions, viz, ift, The external part or cruft, 
being that from which vegetables {pring and animals are: 
nurfed. 2d, The'middle, or intermediate part, which 
is poffeffed by foffils, extending farther than hu- 
man labour ever yet penetrated. 3d,. The internal or 
central part, which is utterly unknown to us, though 
by many authors fuppofed of a magnetic nature ; by 
others, a mafs or {phere of fire ; by others, an abyfs or 
collection of waters, farrounded by the ftrata of earth; 
and by others,.a hollow, empty fpace, inhabited by 
asimals, who have their fun, moon, planets, ~ 
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other conveniences within the fame. But others di-” 
vide the body of the globe intp two parts, viz, the 


external part, cajled the cortex, including the internal, 
which they call the nucleus, being of a different nature 


from the former, and poffeffed by fire, water, or more © 


probably by a confiderable portion of metals, as it has 


“been found, by caleulation, that the mean denfity of | 


the whole earth is near double the denfity of common 
ftone. See my determination of it, Philof, Tranf. 
1778, pa. 781. a: ee 

The external part of the globe either exhibits in- 
equalities, as mountains and valleys ; or it is plane and 
level; or dug in channels, fiffures, beds, &c, for ri- 
vers, lakes, feas, &c. - Thefe incqualities in th¢ face 


of the earth molt naturalifts fuppofe have arifen from * 


arupture or fubverfion of the earth, by the force either 
of the fubterraneous fircs or waters. The earth, in its 

* natural and original ftate, it has been fuppofed by Des 
Cartes, and atter-him, Burnet, Steno, Woodward, 
‘Whifton, and others, was perfectly round, fmooth, 
and equable ; and they account for its prefent rude and 
irregular form, principally from the great deluge. See. 
Deuce. , : i 
In the external, or cortical part of the earth, there 
-mppear various ftrata, fuppofed the fediments of fe-. 
veral floods ; the waters of which, being replete with 
matters of divers kinds, as they dried up, or 
oozed through, depofited thefe different matters, which 
in time hardencd into ftrata of ftone, fand, coal,: 
clay, &e. ‘ ee 

‘ r, Woodward has confidered the circumftarices of. 
thefe ftrata with great attention, viz, their order, num-: 


ber, fituation with refpeét to the horizon, depth, inter-"* 


{e€tians, filures, colour, confiftence, &c, He afcribes 
‘the origin and formation of them all, to the great flood 
--or cataclyfmus, At that terrible revolution he fup- 
pofed that all forts of terreftrial -bodies had been dif- 
folved and mixed with the waters, forming all toge- 
ther a chaos or confufed mafs, This mafs of terreftrial. 

* particles, intermixed with water, he fuppofes was at 
length precipitated to the bottom; and that generally” 
according to the order of gravity, the heavicit finking- 

. firlt, and the lighteft afterwards, By {uch means were 
the flrata formed of which the earth confifts ; which, 
attaining their folidity and hardnefs by degrees, have 
continued fo ever finge, Thefe {ediments, he farther 

- concludes, were at firft all 
"and the furface of the earth formed of them, perfectly 
fmooth and regulars but that in courfe of time, divers 
changes happening, from earthquakes, volcanos, &c, 
the order and regularity of the {trata was difturbed and 
broken, and.the furface of the earth by, fuch means’ 
brought to the irregular form. in which it now ap. 
ats. 

M, De Buffon furmifes that the earth, as well as the 

- other planets, are parts ftruck off from the body of the 
fun by the collifion of comets; and that when the 
earth affumed its form, it was ina flate of liquefaction 
by fire, But that could not be the method of pro- 
-. ducing the planets 5 for if they were ftruck off from 
the body of the fun, they would move in orbits that 

| would always pals through.the fun, inftead ef having 
- the fas for their focus, or centre, as they are now 
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found; fo that haying been ftruck off they would 
fall down into the fun again, ¢erminating their career 
as it were after one cevolotion only. bee a 

Earru, in Affronomy, is one of the primary planets, 
according to the fyitem of Copernicus, or Pythagoras 5 
its aftronomical chara€ter or mark being ©: but ace 
cording to the Ptolomaic hypothelis, the earth is the 
centre of the fyftem. For, whether the earth move or 
remain at reft, that is, whether it be fixed in the cen- 
tre, having the fun, the heavens and flars moving round" 
it from eaft to weft ; or, thefe being at reft, whether 
the earth only moves from wet to ealt, is the great ar- 
ticle that diftingnifhes the Ptolomaic fyftem from the 
Copernican, : ee 

Motion of theE artis. Itis now univerfallyagreéd that, 
befides the {mall motion of the earth which caufes the 
preceffion of the equinoxes, the earth has two great and 
independent motions ; viz, the one by which if turns 

_ round its own axis, in the {pace of 24 hours nearly, and 
caufing the continual fucceffion of day and night ; and 
the other an abfolute motion of its whole mafs in a 
large orbit about the fun, having that luminary for its 
centre, in fuch manner that its axis,keeps always pa- 
rallel to itfelf, inclined in the fame angle to its path, 
and by that means caufing the viciflitudes of feafons, 
fpring, fummer, autumn, winter. “a 

It is indeed true that, as to fenfe, the earth appears’ 
to be fixed in-the centre, with the fun, flars and hea- 
vens moving round it every day; and {uch doubtlefs 
sould be confidered as the true nature of the motions’ 
-in the rude ages of mankind, as they are ftill by the 
rade and unlearned. But to a thinking and learned’ 
mind, the contrary will foon appear. 

Indeed there are traces of the knowledge of thefe. 
motions in the earlieft age of the feiences. Cicero, in. 
his Tufc. Quett. fays that Nicetas of Syracufe firft dif.’ 

: covered that the earth had a diurnal motion, by which! 
it revolved round its axis every. 24 hours ;‘and Plu-’ 
tarch, de Placit. Philofoph. informs, that Philolaus, 
difcovered its annual motion round the fun; and Arif. 

-tarchus, about 100 years after Philolaus, propofed the 
motion of the earth in ftronger and clearer terms, as we, 
are affured by Archimedes, in his Arenarius, And? - 
the fame, we are farther affured, was the opinion and: 
doGrine of Pythagoras, ‘ * ings : 

- . But the religious opinions of the heathen world pres . 
vented this dodtrine from heing more cultivated, For;. 

-Ariftarchus being accufed oF facrilege by Cleanthes" 
for moving Vefta and the tutelar deities of the univerfe ~ 
out of their places, the philofophers were obliged ta’ 

- diffemble, and feem to relinguith fo perilous a pofi- 
ties, : ; , aoe ee 

Many ages afterwards, Nic. Cufanus revived the an-, 
cient fyftcm, in his Do&. de Pignorant. and afferted: 
the motion of the earth: but the doétrine gained very. 
little ground till the time of Copernicus, who fhewed 
its great ufe and advantages in aftronomy; and wha’ 
had immediately all the philofophera and aftronomers, 
on his fide, who dared to differ from the crowd, and 
were not afraid of ecclefiattical cenfure, which was not 
lefs dangerous ynder the chriftian difpenfation, than it, 
had been under that of the heathen, “For, becaufe 
certain parts of {cripture make mention of the ftability 
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of the earth, and of the motion of the fun, asthe ri- 
fing and fetsing, &c, the fathers of the church thought 
their religion required that they fhould defend, with all 
its power, what they conceived to be its doéfrines, and- 
to cenfure and punifh every attempt at innovation on 

” {uch points. They have now however been pretty ge- 
nerally convinced that. in.fuch inflances the expreflions 
are only to be confidered as accommodated to appear- 
ances, and the vulgar notions of things, 

By the diurnal rotation of the earth on its axis, 
the fame phenomena will take place as if it had no 
{uch motion, and as if the fun and ftars moved round. 
it. For, turning round from weft to eaft, caufes the 
fun and all the vifihle heavens to feem to move the 
¢ontrary way, or from eaft to welt, as we daily fee 
them da. So, when in. its rotation it has brought the 
fun or 4 flar to appear juit in the horizon in the eaft; 
they are then faid to be rifing ; and as the earth conti- 
nues to revolve more and more towards the eaft, other 
ftars feem to rife and advance wultwards, paffing the 
meridian of the obferver,.when they are due: Huth 
from him, and at their greatett altitude above his. ho- 
rizon; after which, by a continuance of the fame mo- 
tions, viz, of the earth’s rotation eaftwards, and the 

. luminaries apparent counter motion weflwards, thefe 
decline from the meridian, or fouth point, towards the 
weft,. where being arrived, they are faid to fet and de- 
{cend below it ; and fo on continually from day to day 5 
thus making it day while the-4un is above the horizon, 
and night while he is below it. 

While the earth is thus turning on its axis, it is at 
the fame time carried by its proper motion. in its orbit 
round the fun, as one of the planets, namely, between the 
orbits of Venus and Mars, having the orbits of Venus 
and Mercury within its own, or between it and the fun, 
in the centye, and thofe of Mars, Jupiter, Saturn, &c, 
without or above it which are therefore called fuperior 
plancts, and the others the inferior ones. This is called 
the annual motion of the earth, becaufe it is performed 
in a year, or 365 days 6 hours nearly ; or rather 365 
days 5" 49", from any equinox or folftice to the fame 
again, making the tropical year ; but from any fixed 
flar to the fame again, as feen from the fun, in 365 
days 6 hours 9 minutes, which is called the fidereal 

ears ‘The figure of this orbit is elliptical, having the 
ie in one focus, the mean diftance being about 95 mil- 
lions of miles, which is upon the fuppofition that the 
fun’s parallax is about 8’°3, or the angle under which 
the earth’s femi-diameter would appear te. an obferver 
placed in the fun: and the eccentricity of the orbit, or 


diftance of the fun, in the focus, from the centre of. 


this elliptic orbit, is about goth of the mean dif- 
tance. 

Now this annual motion is performed in fuch a-man- 
ner, that the earth’s axis is every where parallel, or in 
the fame diretion in every part of the orbit ; by which 
means it happens, that at one time of the year the fun 
enlightens more of the north polar parts, and at the 
oppofite feafon of the year more of the fouthern 


pe thus fhewing all the varieties of feafons, {pring, . 


ummer, autumn and winter; which may be illuf- 
trated in the following manner: Let the candle I 
(fig. 1, plate vill) reprefent the fun, about which the 
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earth E, or F, &c, is moved in its elliptical orbit 
ABCD, or ecliptic, and cutting the equator gbcd in’ 
the nodes E and G: then, fufpending the terrella by 
ifs north pole, and moving it, ri fufpended, round the . 
ecliptic, its axis will always be parallel to its firll pofi- 
tion, and the variaus feafons will be reprefented at the 
different parts of the path. Thus, when the earth is. 
at @ or F, the enlightened half of it includes the fouthe, 
pole, and leaves the north pole in darknefs, making our. 
winter ; at Git is fpring, and the two poles are equally 
illuminated, and the days are every where of the fume 
length ; at H or vg it is our fummer, the north polar 
parts being in the illuminated hemifphere, and the 
fouthern in the dark one; laftly at E itis autumn, the 
poles being equally illuminated again, and the days 
of equal length every where. 

Eartu, its Quantity of Matter, Denfity, and Attrace 
tive Power. Although the relative denfities of the - 
earth and moft of the other planets have been known a 
confiderable time, it is but very lately that we have 
come to the knowledge of the abfolute gravity or den- 
fity of the wholémafs of the earth. This I have cal- 
culated and deduced from. the obfervations made by 
Dr. Matkelyne, Aftronomer Royal, at the mountain 
Schehallitn, in the years 1774, 5, and 6,. The at- 
traction of that mountain on a plimmet, being ob- 
ferved on, both fides of it, and its mafs being computed 
from a.number of feétions.in all directions, and confitt- 
ing of ftone; thefe data being then compared with 
the known attraétion and magnitude of the earth, gave 
by proportion its.mean denfity, whieh is to that: of 
water as g to2, and to common ftoneas 9 to 5: from 
which very confiderable meant denfity, it may-be pre- . 
fumed that the internal’parts contain fome great quan- 
titics of metals. 

¥rom the denfity, now found, its quantity of.matter - 
becomes known, being equal to the produét of its. 
denfity by its magnitude. From_yarious experiments . 
too, we know that its attractive force, at the furface, 
is fuch, that bodies fall there through a fpace of 16,5 
feet in the firft fecond of time: from whence the force 
at any other place, either within or without it, becomes, 
known ; for the force at any part within it, is direétly - 
as its diftance from the centre; but the force of any 
part without it, reciprocally as the {quare of its diltance . 
from the centre. . 

EAST, one of the cardinal ponits of the horizon, . 
or of the compafs, being thé middle point of it be. 
tween north and fouth, on that fide where the fun 
rifesy or.the point in whichJt is interfe€ted on that fide 
by the prime vertical. . 

EASTER, a feaft of the church, held in memory of 
our Saviour’s refurreGiqn. This feaft has been annwall: 
celebrated ever fince the time of the apoftles, and is . 
one of the moft confiderable feftivals in the chriftian 
calendar ; being that which regulates and determines . 
the times of all the other moveable feafts, . 

The rule for the celebration of Eafter, fixed-by the - 
council of Nice, inthe year 329, is, that itbée heldon - 
the Sunday which falls upon, or next after, the full 
moon which happens next after the 21ft of March ; 
tbat is, the Sunday which falls upon, or next after the - 
firlt full moon after the yernal equinox, The reafon of * 

. Which), 
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which decree was, that the chriftians might avoid cele- 
brating their Eafter at the fame time with the Jewifh 
Paffover, which, according to the inflitution of Mofes, 
was held the very day of the full moon. : 

To find Easter according : 
to the Old, or Fulian Style. 











Inthe annexed table, find [Gold.] Pafchal full |Dom. 
the golden number, with Num.| moons. _letter. 
the day of the pafchal full 
moon, and the Sunday let- 16 | March 2t 
ter annexed; comparethis 5 a2 
letter with the dominical 33 
letter of the given year, that | 13 il 
it may appear how many 2. a5 
days are to be added to the 26 
day of the pafchal fullmoon, Lad “7 
to give Eafter-day. 28 

Forex. Intheyear1715, | 38 29 
the dominical letter is B, and 7 3° 


the golden number.is 6, op- 31 


fite to which ftands April | 15 April 1 
ro for the day of the paf- 4 2 
chal full moon ; oppofite to 3 
which is the Sunday letter | 1? + 
B, which happening to be r 5 
the fame with that of the 6 
year given, that day is | 9 7 
sa Sunday; and therefore 8 
Eaiter will fall 7 daysafter, | 17 9 


viz, onthe 17th of April. 6 Lt 
But in this computation, 
the vernal equinox is fup- | 


COS OFMOOEPOMMyAMDammbA | 











ofed fixed to the arftof | 3 13{E 
March s and the cycle of 14 | Fy 
19 years, or golden num. | *? 15 |G 
bers, is tappoted to point 16 | A 
out the places of the new | 19 71 B 
and full moons exaly ; 8 18 | C 


both which fuppofitions are 
erroneous: fo that the Julian Eafter never happens at 
jte due time, unlefs by accident. For inftance, in the 
above example the vernal equinox falls on the roth vf 
March, eleven days before the rule fuppofes it ; and the 
pafchal full moon on the 7th of April, or 3 days earlier 
than was fuppofed: and therefore Eafter-day thould be 
held on the roth of April, inftead ofthe 17th. 

This error “had grown to fuch a height, that pope 
Gregory the 13th thought it neceffary to correct it 5 
and accordingly, in the year 3582, by the advice of 
Aloyfius Lilius and others, he ordered to days to be 
thrown out of Oétober, to bring the vernal equinox 
back again to the 2:ft of March: and hence arife the 
terms Gregorian calendar, Gregorian year, &c. 

This correGion however did not entirely remove the 
error; for the equinoxes and folftices ftill anticipate 
28° 20” in every 100 Gregorian years; but the dif- 
ference is fo inconfiderable as not to amount to a 
whole day, or 24 hours, in lefs than 5082 Gregorian 
years. : 

‘The Gregorian, or New Style, was not introduced 
into England till the year 1752, when eleven days were 
‘thrown out, viz, between the 3d and 14th of September, 
the error amounting then to that "quantity. : 
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+ To find Easrer according y ‘ 

to the New‘or Gregorian Style, a) 
sill the year 1900 exclufive. Cold Pafchal fall jSund 
Look for the golden num- {1 as science a 
ber of the year in the firft + 
column of the table, againft 14 | March . i = 
which ftands the day of the 3 : E 
pafchal full moon; then look oi 33 F 
m she 3d column for the Cc 
Sunday letter, next after the 7 36 A 
day of the full moon, and 2 27 |B 
the day of the month fland- 23 | ¢ 
ing againit that Sunday let- | ,¢- 20.1 D 
ter is Eafter-day. When 2 E 
-the full moon happens ona 5 9 F 
Sunday, then the.next Sun- 1 Revik 3 G 
day after is Eafter-day. 3 P 21A 

For Ex. For the year B 
1790, the golden number | 9 3 Cc 
is 55 agaiall which flands : D 
Marchthe3oth, andthenext | +g 6\E 
Sunday letter, which is C, ¥ 
below thar, ftands oppofite 7 H G 
April 4, which is therefore t \ A 
the Eafter-day for the year A 2 B 
1790. + 

Though the Gregorian | ,2 = “ 
calendar be much_prefera- ; 13} E 
ble to the Julian, it is yet 14.) EF 
not without its defeéts. ~ It 15 |G 
cannct, for inftance, keep 9 16|A 
the equinox fixed on the "7 17 |B 
21ft of March, but it will 6 wfc 








fometimes fall on the rgth, 
and fometimes on the 234. : 
‘Add, that the full moon happening on the 2oth of 
March, might fometimcs be pafchal; yet it is not al. 
lowed as fuch in the Gregorian comprtation 5 as on the 
contrary, the full moon of the 22d of Masch may be 
allowed for pafchal, which it is not. Scaliger and Cal- 
vifius have alfo pointed out other inaccuracies'in this ca- 
lendar. An excellent paper on this fubjeét by the earl 
of Macclesfield, may be {een in the Philof. Tranf. vol. 
40, pa. 417. 

Easter Term. See Term. 

EAVES, the margin or lower edge of the roof of 
ahoufe, being the loweft courfe of tiles, flates, or the 
like, which hang over the walls to throw off the water 
to a diftance from the wail. 

Eaves-Board, or Eaves-Lath, a thick feather- 
edged board, ufually nailed round the eaves of a 
houfe for the lowermoft tiles, flate, or shingles, to reft 
upon. 

PEBBING and Frow1ne of the Sea. See Ties. 

ECCENTRIC. See Excenraic. 

ECCENTRICITY. See Excentaicity. 

ECHO, or Eccuo, a found reflected, or reverbe- 
rated from fome body, and thence returned or repeated 
to the ear. 

- For an echo to be heard, the ear mutt be in the line 
of refleGtion ; that the perfon who made the found, 
may hear the echo, it is neceflary he fhould be in a 
perpendicular to the place which reflects it; and for a 

multiple 
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multiple or tautological echo, it is neceffary there be 2 
number of walls and vaults, rocks, and cavities, either 

laced behind each other, or. fronting veach: other. 

‘hofe murmurs in the air, that are occafioned by the 
difcharge of great guns, &c, are a kind of indefinite 
echoes, and ave produced from the vaporous particles 
fufpended in the atmofphere, which refift the undula- 
tions of found, and reverberate them to the car. 

There can be no echo, unlefs the dire& and reflex 
founds follow one another at a fufficient diftance of 
time; for if the reflex found arrive at the ear before 
the impreffion of the direét found ceafes, the found will 
not be doubled, but only rendered more intenfe. Now 
it we allow that 9 or 10 fyllables can be pronounced in 
a fecond, in order to preferve the founds articulate and 
dittinét, there fhould be about the oth part of a fecond 
between the times of their appulfe to the ear; or, as 
found flies about 1142-feet in a {econd, the faid differ- 
ence fhould be } of 1142, or 127 feet; and therefore 
every fyllable will be reflected to the ear at the diitance 
of about 70 fect from the reflecting body ;. but as, in 

* the ordinary way of fpeaking, 3 or 4 fyllables only are 
uttered in a fecond, the fpeaker, that he may have the 
echo returned as foon. as they are expreffed, fhould 
ftand about soo feet from the reflecting body ; and fo 
in proportion for any other number of fyllables. Mer- 
fenne allows for a monofyllable the diftance of 6g feet ; 
Morton, go feet ; for a diffyllable rog feet, a trifyllable 
160 feet, a tetrafyllable 182 feet, and a pentafyllable 
204 feet. Nat. Hift. Northampton, cap. §, pa. 358. 

From what has been faid, it follows that echocs may 
be applied for meafuring inacceffible diftances. Thus, 
Mr. Derham, ftanding upon the banks of the Thames, 
oppofite to Woolwich, obferved that the echo of a 
{ingle found was refleéted back from the houfes in 3 fe- 
conds ; confequently the fum of the direét and reffex 
rays muft have been 1142 x 3 = 3426 feet, and the half 
of it, 1723 feet, the breadth of the river in that place. 

It alfo follows that the echoing body being removed 
farther off, it reflects more of the found than when 
nearer; which is the reafon why fome .cchoes repeat 
but one fyllable, or one word, and fome many. Of 
thefe, fome are tonical, which only return a voice when 
modulated into fome particular mufical tone; and 
others polyfyllabical. ‘That fine echo in Woodftock 
park, Dr. Plot affures us, in the day-time will return 
very diftin&tly 17 fyllables, and in the night 20. Nat. 
Hift. Oxf cap. 1, pa. 7. 

Echoing bodies may be fo contrived, and placed, 
as that reflecting the found from one to the other, a 
multiple echo, or many echoes, fhall arife—At Rof- 
neath, near Glafgow, in Scotland, there is an echo that 
repeats a tune played with a trumpet three times com- 
pletely and diftinGly.—At the fepulchre of -Metella, 
wife of Craffus, there was an echo, which repeated 
what a man faid five times.—Authors mention a tower 
at Cyzicus, where the echo repeated feven times.— 
There is an echo at Bruffels, that anfwers 15 times, 

One of the fineft echoes we read of, is that mentioned 
by Barthius, in his notes on Statius’s Thebais, lib. 6, ver. 

0, which repeated the words a man uttered 17 times. 
his was on the banks of the Naha, between Coblentz 
and Bingen. And whereas, in common echoes, the repo. 


tition is not heard till fome time after hearing the wank, . 
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fpoken, or the notes fung; in this, the perfon whe 
a or fings, is fedree heard at all; but the repe- 
tition very clearly, and always in furprifing varieties : 
the echo fceming fometimes to approach nearer, and 
fometimes farther off; fometimes the voice is heard’ 
very diflin@ly, and fometimes fearce at all: one perfon 
hears only one voice, and another feveral; ore hears. 
the echo on the right, and the other on the left, &c. 

Addifon, and other travellers’ in Italy, mention an 
echo at Simonetta palace, near Milan, till more extra+ 
ordinary, returning the found of a piitol 56 times. 
‘Fhe echo is heard behind the houfe, which has two 
wings ; the piftol is difcharged from a window in one 
of thefe wings, the found is returned from a dead walk 
in the other wing, and heard from a window in the 
back-front. See Addif. Travels, pa. 32; Miffon,, 
Voyag. d’Ital. tom. 2,_pa. 196; Philof. Franf. N° 480, 
pa. 220. 

Farther, a multiple echo may be made, by fo placing 
the echoing bodies, at unequal diftances, as that they 
may reflect all one way, and not one on the other; by 
which means, a manifold fucceffive found will be heard; 
ene clap of the hands like many ; one 4a like a laugh- 
ter; one fingle word like many of the fame tone and 
accent ; and fo one mufical inftrument like many of che 
fame kind, imitating each other. 

Laitly, echoing bodies may be fo ordered, that from 
any one found given, they fhall produce many echoes, 
different both as to tone and intenfion. By which 
means a mufical room may be fo contrived, that not only 
one inftrument playing in it thall feem many of the fame 
fort and fize, but even a concert of different ones; this 
may be contrived by placing certain echoing bodies fo, 
as that any note played, fhall be returned by them in 
3ds, 5ths, and 8ths, 

Ecno is alfo ufed for the place where the repetition 
of the found is produced, or Peard. This is either nae 
tural or artificial. 

In echoes, the place where the fpeaker ftands, is 
called the centrum phonicum ; and the object or place 
that returns the votce, the centrum phonacampticum, ’ 

Ecuo, in Architecture, is applied to certain vaults 
and arches, moftly of elliptical or parabolical figures ; 
ufed to redouble founds; and produce artificial echoes 
—The method of making them is taught by F. Blan- 
cani, in his Echometria, at the end of his book on the 
Sphere. 

Vitruvius tells us, that in divers parts of Greece and 
Italy there were brazen veffels, artfully ranged under 
the feats of the theatres, to render the found of the ace 
tors’ voices more clear, and make a kind of echo; by 
which means, every one of the prodigious multitude of 
perfons, prefent at thofe fpectacles, might hear with 
eafe and pleafure. : 

ECLIPSAREON, an inftrument invented by Mr. 
Fergufon for thewing the phenomena of eclipfes; as 
their time, quantity, duration, progrefé, &c. + Fergu- 
fon’s Aftron., or Philof. Tranf. vol. 48, pa. 520. 

ECLIPSE, a privation of the light of one of the 
luminaries, by the interpofition of fome opaque body, 
either between it and the eye, or between it and the 
fun. - ie eet Ise 

‘The ancients had terrible ideas of eclipfes; fuppofing 
them prefages cf fome dreadfubevents, Plutarch affares 
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ws, that at Rome it was not, allowed to talk publicly of 
any natural caufes of eclipfes3; the popular opinion 
running fo ftrongly in favour of their fupernatural pro- 
‘dudtion, at leaf thofe of the moon; for as to thofe of 
the fun, they had fome idea that they were caufed by 
the interpofition of the moon between us and the fun ; 
put were at a lofs for a body to interpofe between us 
and the moon, which they thought mult be the way, if 
the eclipfes of the moon were produced by natural 
caufes. They therefore made a great noife with brazen 
inflruments, and fet up Iqud fhouts, during ectipfes of 
the mooi; thinkiag by that means to eale her in la- 
bour: whence Juvenal, fpeaking of a talkative woman, 

“Yays, Una laboranti poterit. fuccurrere lune. Others at- 
tributed. the eclipfe of the moon to the arts of magi- 
cians, who, by their inchantments, plucked her out of 
heaven, and made her fkim over the graf. 

The natives of Mexico keep faft during eclipfes ; 
and particularly their women, who beat and abufe them- 
fulves, drawing blood from their arms, &c ; imagining 
the moon has becn wounded by the fun, in fome quar- 
rel between them. 

The Chinefe fancy that eclipfes are occafioned by 
great dragons, who are ready to devour the fun and 
moon; and therefore when they. perceive an eclipfe, 
they rattle drums and brafs kettles, till they think the 
montter, terrified by the noife, lets go his prey. 

The fuperftitious notions entertained of eclipfes, were 
once of confiderable advantage to Chriftopher Colum- 
bus, the difcoverer of America, who being driven on the 
ifland of Jamaica in the year 1493, and diftreffed for 
want of provifions, was refufed relief by the natives ; 
but having threatened them with a plague, and fore- 
telling an eclipfe as a token of it, which happened ac- 
cording to his predi€tion, the barbarians were fo terri- 
fied, that they ftrove who fhould be the firft in bring- 
ing him fupplies, throwing them at his feet, and im- 
ploring forgivenefs. 

Duration of an Ecurrse, is the time of its continu- 
ance, or between the immerfion and emerfion. 

Limmerfion, or Incidence, of an Ecuipse, is the mo- 
ment when the eclipfe begins, or when part of the fun, 
moon, or planet firit begins to be ob{cured, 

Emerfion, or Expurgation, of an Ecuirse, is the time 
when the eclipfed luminary begins to re-appear, or 
emerge ont of the fhadow. 

Quantity of an Ecuipss, is the part of the luminary 

eclipfed. ‘To determine the quantity eclipfed, it is 
ufual to divide the diameter of the luminary into 12 
equal parte, called digits ; whence the eclipfe is faid to 
be of fo many digits according to the number of them 
contained in that part of the diameter which is eclipfed 
or obfcured. 
_ Eclipfes are divided, with refpe&t to the luminary 
eclipfed, into Eclpfes ae lim of the moon, and of the 
Satellites 3 and with. refpeG& to the circumftances, into 
total, partial, annular, central, Sc. 

Annular E.ciipst, is when the whole is eclipfed, ex- 
cept a ring, or annulus, which appears round the border 
or edge. - 

Central Ecuirse, is one in which the centres of the 
two luminaries and the earth come into the fame 
ftraight line. 

wae 3 
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Partial Ecuirse, is when only a part of the lume 
nary is eclipfed. Anda ; 

Total Ecurese, is that in which the whole luminary 
is darkened. 2 

Ecuipse of the Moon, is a privation of the light of 
the moon, occafioned by an interpofition of the body 
of the earth direétly between the fun and moon, and fo 
intercepting the fun’s rays that they cannot arrive at 
the moon, to illuminate her. Or, the obfcuration of 
the moon may be confidered as a feGtion of the earth’s 
conical fhadow, by the moon pafling through fome part 
of it. 

The manner of this eclipfe is reprefented in this f- 
gure, where S is the fun, E the earth, and M or M the 
moon. 





Lunar Eclipfes only happen at the time of full 
moon ; becaufe it is only then the earth is between the 
fun and moon: nor do they happen every full moon, 
becaufe of the obliquity of the moon’s path with refpect 
to the fun’s; but only in fuch full moons as happen 
either at the interfeétion of thofe two paths, called the 
moon’s nodes, or very neav them ; viz, when the moon’s. 
latitude, or diftance between the.centres of the earth 
and moon, is lefs than the fum of the apparent femi- 
diameters of the moon and the earth’s fhadow.. 

The chief Circumflances in Lunar Eclipfes, are the fol- 
lowing :—1- All lunar Eclipfes are univerfal, or vifible 
in all parts of the earth which have the moon above. 
their horizon ; and are every where of the fame magni- 
tude, with the fame beginning and end.—z. In all Jue. 
nar eclipfes, the eaftern fide 1s what tirft immerges and 
emerges again, i. e. the left-hand fide of the moon as 
we look towards her, from the north; for the proper 
motion of the moon being fwifter than that of the 
earth’s fhadow, the moon approaches it from the welt, 
overtakes and pafles through it with the moon’s ealt 
fide foremoft, leaving the thadow behind, or to the 
weltward.—3. Total cclipfes, and thofe-of the longeit 
duration, happen inthe very nodes of the ecliptic; be- 
caufe the fection of the earth’s fhadow, then falling on 
the moon, is confiderably larger than her dife. There 
may however be total eclipfes within a fmall diitance 
of the nodes ; but their duration is the lefs as they are 
farther from it ; till they become only partial ones, and 
at Jaft, none at all—_4. The moon, even in the middle 
of an eclipfe, has ufually a faint appearance of light, re- 
fembling tarnifhed copper; which Gaffendus, Ricciclus, 
Kepler, &c, attribute to the light of the fun, refracted 
by the earth’s atmofphere, and fo tranfmitted thither. 
—Laftly, the grows fenfibly paler and dimmer, before 
entering into the real fhadow ; owing to a penumbra 
which furrounds that fhadow to fome diffance. 

Afironomy of Lunar Ecuresss, or the method of calcua 
lasing their times, places, magnitudes, and other phenomena, 

The 
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‘The 1ft preliminary-is to find the length of tlie earth’s 
conical fhadow. This may be found either from the 
“diftance between the earth and fun, and the proportion 
of their diameters, or from the angle of the fun’s appa- 
rent magnitude at the time. Thus, fuppofe the femi- 
axis of the earth’s orbit 9 5,000000 miles, and the ec- 
centricity of the orbit 1,377000 miles, making the 
greatett diftance 96,377000 miles, or 24194 femidiame- 
ters of the earth; and the fun’s femidiameter being to 
the earth’s, as 112 to 13 then as AD: BE:: DB: 
EC, that is, 111: 1 :: 24194: 218 femidiameters of 
the earth = EC the length of the earth’s thadow. 
Otherwife, fuppofe the angle AES, or the fun’s appa- 


rent femidiameter be 15’ 56’’, and the angle BAE, ot ~ 


the fun’s parallax 8-6”, then is their difference, or the 
angle ACE = 15’ 4774”; hence, as tang. 15° 47°4/ 
radius :: BE or 1: 218 nearly = CE, the fame dif 
tance as before. Hence, as the moon’s leaft diftance 
from the earth is fcarce 56 femidiameters, and the 
greateft not more than 64, the moon, when in oppofi- 
tion to the fun, in or near the nodes, will fall into the 
earth’s fhadow, and will be eclipfed, as the length of the 
thadow is almoit 4 times the moon’s diftance. 

2. To find the apparent femidiameter of the earth's 

Jeadow, in the place where the moon pafles through it, 
at any given time. Add together the fun and moon’s 
parallaxes, and from the fum fubtraét the apparent fe- 
midiameter of the fun; fo fhall the remainder be the 
apparent femidiameter of the thadow at the place of the 
moon’s paffage.  T’or ex. the 28th of April 1790, at 
midnight, the moon’s parallax is 61’ g”, to which add 
8:6”, or 9”, for the fun’s parallax, from the fum 
61/ 18” take 15’ 56°, the fun’s apparent femidiameter, 
and the remainder 45/ 22/ is the femidiameter of the 
fhadow at the place where the moon paffes ‘through 
at that time. N. B, Some omit the fun’s parallax, 
as of no confequence; but increafe the apparent fe- 
midiameter of the fhadow by one whole minute, for 
the thadow of the atmofphere; which would give 
the femidiameter of the fhadow, in the cafe above, 
46/13", 

3- There mutt alfo be had, the true diftance of the 
moon from the node, at the mean oppofition; alfo the 
true time of the oppolition, with the true place of the 
fun and moon, reduced to the ecliptic ; likewife the 
moon’s true latitude at the time of the true oppofition ; 
the angle of the moon’s way with the ecliptic, and the 
true horary motions of the fun and.moon: from which 
all the circumftances of her eclipfe may be computed 
by common arithmetic and trigonometry. 


To Conftru& an Ecuirse of the Moon. 


Let EW be a part of the ecliptic, and C the centre 
of the earth’s fhadow, through which draw perpendicu- 
lar to EW, the line CN towards the north, if the moon 
have north latitude at the time of the eclipfe, or CS 
fouthward, if fhe have fouth latitude. Make the angle 
NCD equal to the angle of the moon’s way with the 
ecliptic, which may be always taken at 5° 35/, on an 
average, without any fenfible error; and bife@ this 
angle by the right line CF; in which line it is that the 
true equal time of oppofition of the fun and moon falls, 
as given by the tables. : x 


Tan y 





From avconvenient feale of equal parts, reprefenting’ 
minutes of a degree, take the moon’s latitude at the 
true time of full moon, and fet it from C to G, on the 
line CF; and through the point G, at right-angles to 
CD, draw the right line HKGLI for the path of the 
moon’s centre. Then is L the point in the earth's 
fhadow, where the moon’s centre is at the middle of 
the eclipfe; G the point where her centre is at the 
tabular time of her being full; and K the point where 
her centre is at the inftant of her ecliptic oppofition + 
alfo I the moon’s centre at the moment of immerfion, 
and Hi her centre at the end of the eclipfe. 

With the moon’s femidiameter as a radius, and the 
points I, L, H, as centres, defcribe circles for the 
moon at the beginning, middle, and end of the eclipfe. 

Finally, the length of the line of path IH, meafured 
on the fame {eale, will ferve to determine the duration 
of the eclipfe, viz, by faying, As the moon’s horary mo- 
tion from the fun is to TH :: 1 hour or 60 min. to the 
whole duration of the eclipfe. : 

To Compute a Lunar Ecuiese. This will be very 
eafy from the foregoing conftru@ion. For, rft, in the 
triangle CGL, right-angled at L, there are given the 
hypothenufe CG = the moon’s latitude at the time of 
full moon, and the angle GCL = the half of 5° 35/; 
to find the legs CL and LG.—ad, In the right-angled 
triangle CHL or CIL, are given the leg CL, and CH 
or.CI, the fum of the femidiameters of the moon and 
the earth’s fhadow; to find LH or LI, half the dif 
ference of the fun’s and moon’s motions during the 
time of the eclipfe.—3d, As the difference of the ho» 
rary motions of the luminaries is to one hour, or 60 
min. :: HI to the femiduration of the eclipfe, and 
:: GL to the difference between the oppofition and 
middle of the eclipfe ; this laft therefore taken from 
the. time of full moon, gives the time of the middle of 
the eclipfe; from which fubtra&ting the time in LI, 
or femiduration before found, gives the beginning of 
the eclipfe; or add the fame, and it gives the end of 
it-—Laftly, from CO the femidiameter of the fhadow, 
take CL, leaves LO; to which add LP, the moon’s 
femidiameter, when neceflary, gives OP the quantity 
eclipfed. 

Note, When the moon’s diflance from the node ex- 
ceeds 12°, there can be no eclipfe of the moon; or,, 
more accurately, the limit is from 10! and 12,15 de- 
grees, according to the diftances of the fun, earthy and 
moon 

Ecuiese of the Sun, is an occultation of the fun’s 
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"body, occafioned by an interpofition of the moon be- 
‘tween the earth and fun. On which account it is by 
fome confidered as an eclipfe of the earth, fince the 
light of the fun is hid from the carth by the moon, 
whofe fhadow involves a part of the earth. 

The manner of a folar ectipfe is reprefented in this 
figure; where 8 is the fim, 1 the moon, and CD the 





earth, rmso the-moon’s conical Shadow, travelling over 
a part of the earth CoD, and making a complete eclipfe 
to all the inhabitants refiding in that track, but no 
where elfe; excepting that: for a large {pace around 
Jt there is a fainter fhade, included within all the fpace 
CDs, which is called the Penuntbra. 

Hence, Solar Eclipfes happen when the moon is in 
conjunction with the fun, or at the new moon, and 
walfo in the nodes or near them, the limit being about 
17 degrees on'each fide of its and fuch eclipfes only 
chappen when the latitude of the moon, viewed from 

_ the earth, is lefs than the fum of the apparent Iemidiame- 
‘ters of the fun and moon; ‘becaufe the moon’s way 
is oblique to the ecliptic, or fun’s path, making an 
angle of nearly §° 35/ with it. 

n the nodes, when the moon has no vilible latitude, 
the occultation, is total ; and with fome continuance, 
when the difc.of the moon m perigee appears greater 
‘than that of the fun in apogee, and its fhadow is ex- 
tended ‘beyond the furface of the earth; and without 
continuance at moderate diflances when the cufp, or 
point of the:moon’s fhadow, barely touches the earth. 
Laftly, out of the nodes, but near‘them, the eclipfes 
rare partial, 

The other circumftances of folar eclipfes are, 1 
“That none of them are univerfal; that is, none of them 
are feen throughout the whole hemifphere which the 
{un is then above ; the moon’s difc being much too 
Jittle, and much too near the earth, to hide the fra 
fom the whole dife of the earth. Commonly the 
moon's dark fhadow covers only a {pot on the earth’s 
farface, about 180 miles broad when the fun’s diftance 
“is greateft, and the moon’sleaft. But her partial fhadow, 
‘or penumbra, may then cover a circular fpace of 4900 
miles in diameter, within which the fun is more or lefs 
eclipfed, as the places are nearer to or farther from the 
‘entre of the penumbra. In this cafe the axis of the 
fhade paffes through the centre of the earth, or the 
new moon happens exaétly in the node, and then it 
js evident that the fection of the fhadow is circu 
lar ; but in every other cafe the-conical fhadow is cut 
sobliquely by the furface of the earth, and the feftion 
will be an oval, and very nearly a true ellipfis. 

- Nor does the Eclipfe appear the fame in all parts 
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of the earth, where it is feen; but when in one place 
it is total, in another it is only partial. Farther, whee 
the moon appears much lefs than the fun, as is chiefly 
the cafe when fhe is in apogee and he in perigee, the 
vertex of the lunar fhadow is then too fhort to reach 
the earth, and though fhe be in a central conjunction 
with the fun, is yet not large enough to cover hie 
whole dife, but lets his limb appear like a lucid ring 
or bracelet, and fo caufes an Aunular Eclipfe. 

3. A Solar Eclipfe does not happen at the fame 
‘time, in all places where it is feen ; but appears more 
early to the weftern parts, and later to the ealtern; 
as the motion of the moon, and confequently of 
her thadow, is fram welt to eaft. 

4. In moft Solar Eclipfes the moon’s dife is covered 
avith a faint light ; which is attributed to the reflexion 
of the light from the illuminated part of the earth, 

Laitly, in total Eclipfes of the fun, the moon’s limb 
is feen furrounded by a pale .circle of light; which 
fome aftronomers coniider as an indication of a lunar 
atmofphere ; but others as the atmofphere of the fun, 
becaufe it has been obferved to move equally with the 
fun, and not with the moon ; and befides, it is generally 
believed that the moon is without any atmofpherc, 
unlefs it be one that is very fmall, and very rare. 


To determine the Bounds of a So'ar Ecuirsk. 


If the moon’s parallax were infenfible, the bounds 
of a folar eclipfe would be determined after the fame 
manner as thofe of a lunar; but becaufe here is a fenti- 
ble parallax, the method is a little altered, viz. 

1. Add together the apparent femidiameters of the 
luminaries, both in apogee and perigee; which gives 
336” for the greatelt ium of them, and 30° 31" for 
the leaft fum. . 

2. Since the parallax diminithes the northern latitude 
and augments the fouthern, therefore let the greateft 
parallax in latitude be added to the former fums, and 
alfo fubtraéted from them: Thus in each cafe there 
will be had the true latitude, beyond which there can 
be no eclipfe. This latitude being given, the moon’s 
diftance from the nodes, beyond which eclipfes cannot 
happen, is found as for a lunar eclipfe. This limit 
is nearly between 164 and 184 degrees diftance from the 
nodes. 

To find the Digits eclipfed. Add the apparent femi- 
diameters of the luminaries into one fum ; from which 
fubtraé&t the moon’s apparent latitude ; the remainder 
is the {cruples, or parts.of the diameter eclipfed. Thea 
fay, As the femidiameter of the fun is to the fcruples 
eclipfed ; fo are 6 digits reduced into fcruples, viz 369 
Acruples or minutes, to the digits &c eclipfed. 

To determine the Duration of a Solar Ecvipss. Find 
the horary motion of the moon from the fun, for one 
hour before the conjunétion, and another hour after : 
then fay, As the former horary mation is to the feconds 
in an hour, fo are the fcruples of half duration (found 
as in a lunar eclipfe) to the time of immerfion ; and 
as the latter horary motion is to the fame feconds, fo 
are the fame feruples of half duration to the time of 
emerfion. Laftly, adding the times of immerfion and 
emerfion together, the aggregate is the total dura- 
tion. 

The moon’s apparent diameter when largeft, ex. 

ceeds 
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seeds the fun’s when leait, only 2” of a degree; and at 
cthe greateft folar eclipfe that can happen at any time 
and place, the total darknefs cannot continue any longer 
than whilft the moon is moving through this 2’ from 
‘the fun in her orbit, which is about 4 minutes of time: 
for the motion of the fhadow on the earth’s dife is 
equal to the moon’s motion from the fun, which on 
-account of the earth’s rotation on its axis towards the 
fame way, or eaftward, is about 30} minutes of a de- 
“gree every hour, at a mean rate; but fo much of the 
-moon’s orbit is equal to 304 degrees of a great circle 
-on the earth, becaufe the circumference of the moon’s 
orbit is about 60 times that of the earth; and there- 
fore the moon’s fhadow gocs 30} degrees, or 1830 
geographical miles in an hour, .or 301 milesin a minute. 

To determine the Beginning, Middle, and End, of a 
Solar Eclipfe, From the.moon’s latitude, for the time 
of conjunétion, ‘find the arch GL (laft fig. but one), 
-or the diftance of the greateft obfcurity. Then fay, 
as the horary motion of the moon from the fun, be- 
fore the conjunction, is to 1 hour; fo is the diftance 
-of the greateft-darknefe, to the interval of time between 
the greateft darknefs and the-conjun@ion. Subtra@ 
this interval, in the rlt and 3d quarter of the anomaly, 
from the time of the conjunGtion; and in the other 
quarters, add it to the fame; the refult is the time of 
the greateft darknefs. Laftly, from the time of the great- 
‘eft darknefs fubtract_ the time of incidence, and add it 
to the time of emerfion ; the difference in the firlt-cafe 
will be the beginning ; and the fum, in the latter cafe, 
the end of the eclipie, 

To Calculate Ectirses of the Sun. Firft, find the 
mean new moon, and thence the true one; with the 
place of the luminaries for the apparent time of the 
true one.—2z. For the apparent time of the true new 
‘moon, compute.the apparent time of the new moon ob- 

. ferved.—3. For the apparent time of the new moon 
feen, compute the latitude feen.—4. Thence-determine 
the digits eclipfed.—s. Find the times of the greateft 
darkne{s, immerfion, and emerfion.—6. Thence deter- 
mine the beginning, and ending of the eclipfe. 

From the ‘foregoing problems, ‘it is evident that all 
the trouble and fatigue of the calculus arifes from the 
parallaxes of longitude and latitude, without which, the 
-calculation of folar eclipfes Would-be the fame with that 
of lunar ones. 

‘See the Conftruction and Calculation of Eclipfes by 
Flamfteed in Sir Jonas Moor’s Syftem of Mathematics, 
and in Fergufon’s Aftronomy, &c. 

In the Philof.’'Tranf. N° 461 is a-contrivance to 
reprefent folar eclipfes, by means of the terreftrial 

lobe, by .M. ‘Seguer, profeflor of Mathematics at 
frottage. And Mr. Fergufen has fitted a terxeftrial 
globe, fo as to thew the time, quantity, duration, and 
progrefs.of folar eclipfes, at any place of the earth where 
they are vifible ; which he.call8 the Eclipfareon. He has 
alfo given a large catalogue of ancient and modern 
ealoles, including thofe recorded in hiftory, from 721 

years before Chrift, to A.D. 1485.3 alfo computed 

-eclipfes from 1485 to 1700, and all the eclipfes vifible 

sin Europe from 1700.to 1800. .See his Aftron. 
The Number of Ecuteses, of both luminaries, in any 


year, cannot be lefs than two, nor more than feven; the ~ 


moh ufual number is 4, and it is rare to have more 


of 473. 2s, 
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than 6. ‘The reafon is obvious ; becaufe the fin paffes’by 
both the- nodes but once in a year, unlefs he pafs by 
one of them in the beginning of the year ; in which cale 
he will pafs by the fame again a litle before the end 
of the year; becaufe the nodes move backwards 19} 
degrees every year, and therefore the fun will come ta 
either of them 173 days after the other. And ifeither 
node be within 17° of the fun at the time of new moon, 
the fun will be eclipfed ; and at the fubfequent oppo- 
fition, the moon will be eclipfed in the other node, and 
come round to the next conjunGion before the former 
node be 17° beyond thé fun, and eclipfe him again. 
When three eclipfes happen about either node, the like 
‘number commonly happens about the oppolite .one 5 
as the fun comes to it in 173 days afterward, and 6 
lunations contain only 4 days ‘more. Thus there may 
‘be two eclipfes of the fun, and one of the moon, about. 
each of the nodes. But when the moon changes in 
either of the nodes, fhe cannot be near enough the other 
node at the next full, to be eclipfed ; and in 6 lunar 
months afterward fhe will change near the other node ; 
in which cafe there cannot be more than two eclipfes 
ina year, both of the fun. aS 
Period of Ecuirses, is the period of time in which 
the fame eclipfes return again ; and as the nodcs move 
backwards 195 degrees every year, they would fhift 
through every point of the ecliptic in 18. years and 
225 days ; and this would be the regular period of their 
return, if any complete number of lunations were finifh~ 
ed without a fraction ; but this is not-the cafe. How- 
ever, in 223 mean lunations, after the fun, moor, and 
nodes haye been once in a line of conjunétion, they re- 
turn fo nearly to the fame {tate again, as that the fame © 
node which was.iu conjunétion with the fun aad moon at 
the beginning of the firft of thefelunations, will be with- 
in 28’ 12” of the line of conjunétion with the fun and 
moon again, when the laft of thefe Junations is complet- 
ed ; and in this period there will.be a regular return of 
eclipfes for many ages. ‘T’o the mean time of any fo- 
Jar or lunar eclipfe, by adding this period, or 18 Julian 
years 11 days 7 hours 43 minutes 20 feconds, when the 
laft day of February in leap years is 4 times included, 
or a day lefs when it occurs 5 times, we fhall have the 
mean time of the return of the fame eclipfe. In an in- 
terval of 6890 mean lunations, containing 557 years 24 
days 18 hours 30 minutes 11 feconds, the fun and 
node meet fo nearly, as to be diftant only 11 feconds. 
The Ufe of Ectrrszs. In Aftronomy, eclipfes af 
the moon determine the fpherical figure of the earth ; 
they alfo thew that the fun is larger-than the earth, and 
the earth thanthe moon. Eclipfes alfo, that are-fimilar 
in all circumftances, and that happen at confiderable 
ntervals of time, ferve to afcertain the period. of the 
moon’s motion. In Geography, eclipfes difcover the 
longitude of different places ; for which purpofe thofe 
of the moon are the more ufeful, becaufe they are more 
often vifible, andthe fame lunar eclipfe is of equal mag- 
nitude and duration at all places where it is feen. In 
Chronology, both folar and lunar eclipfes ferve to de- 
termine exa@ly the time of any paft event. 
Ecurpses of the Satellites. See Sareurires of Fu- 
er. 
The chief circumftances here obferved, are, 1. That 
the fatellites of Jupiter undergo two or three kinds of 
eclipfea; 
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-eclipfes ;‘the firft of which are proper, being fuch as 
happen when Jupiter’s body is dire€tly interpofed be- 
‘tween them and the fun: and thefe happen almoft 
every day. Various authors have given tables for com- 
putipg eclipfes of the fatellites of Jupiter ; as Flamiteed, 
_ Caffini, &c, but the lateft and beft of all, are thofe of 
profeflor Wargentin of Upfal. 
The fecond fort are occultations, rather than obferva- 
tions ; when the fatellites, coming too near the body of 
Jupiter, ave lo# in his light ; which Riccioli calls occi- 
dere zeufiace, felting joule: In which cafe, the neareft 
or firft fatellite exhibits a third kind of eclipfe ; being 
obferved like a round macula, or dark {pot, tranfiting 
the dife of Jupiter, with a motion contrary to that of 


‘the fatellite ; like as the moon’s fhadow projected on’ 


the earth, will appear to do, to the lunar inhabitants. 
The eclipfes of Jupiter’s fatellites furnith very good 

means of finding the longitude at fea. “Thofe efpecially 

of the firlt fatellite are much furer than the eclipfes of 


‘the moon, and they alfo happen much oftener: the © 


manner of applying them is alfo very eafy. See Lonci- 
TUDE. 

ECLIPTIC, in Aftronomy, a great circle of the 
Tphere conceived to pafs through the middle of the z0- 
diac. It is fometimes called the via fois, or fun’s path, 
being the track which he appears to defcribe among the 
fixed flars ; though more properly it is the apparent 
path of the earth, as viewed from the fun, and thence 

. called the heliocentric circle of the earth, It is called the 
ecliptic, becaufe all the eclipfes of the fun or moon hap- 
pen when the moon crofles it, or is nearly in one of 
thofe two parts of her orbit where it croffes the ecliptic, 
which points are called-the moon’s nodes, 

Upon the ecliptic are marked and counted the 12 ce- 
leftial figns, Aries, Taurus, Gemini, &c; and upon it 
is counted the longitude of the planets and flars. It is 
placed obliquely with refpect to the equator, which itcuts 
in two oppofite points, viz, the beginning of Aries and 
Libra, which are dire@ly oppofite to each other, and 
called the equinoxes, making the one half of the eclip- 
tic to the north, and the other halfon the fouth fide of 
the equator ; the two extreme points of it, to the north 
and fouth, which are oppofite to each other, and at. a 
quadrant diftance from the equinoétial points both 
ways, are called the folttices, or folititial points, or alfo 
the two tropics, which are at the beginning of Cancer 

- and Capricorn, and which are at the fartheft diftance 
of any points of it from the equator, which diftance is 
the meafure of the fun’s greateft declination, which is 
the fame with the obliquity of the ecliptic, or the angle 
it makes with the equator. 

This obliquity of the ecliptic is not permanent, but is 
continually diminifhing, by the ecliptic approaching 
nearer and nearer to a parallelifm with the equator, at 
the rate of half a fecond in a year nearly, or from 507 
to 55” in 100 years, as is deduced from ancient and mo- 
dern obfervations compared together; and as the mean 
obliquity of the ecliptic was 23° 28/ about the end of 
the year 1788, or beginning of 1789, by adding half 
a fecond for each preceding year, or fubtraéting the 
fame for each following year, the mean obliquity will 
be found nearly for any year either before or fince that 
period. The quantity however of this change is va- 
rioufly ftated by different authors, from 50” to 60 or 
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go! for each ceritury or 100 years.” Hipparchus, al 
moft two thoufand years fince, obferved the obliquity of 
the ecliptic, and found it about 23° 51/5 and all fuc+ 
ceeding aftronomers, to the prefent time, having ob- 
ferved the fame, have found it always lefs and lefs; 
‘being now rather under 23° 28’; a diiference of about 
23/1n 1950 years; which gives a medium of 70% in 
100 years. “There is great reafon however to think 
that the diminution is variable. 

This diminution of the obliquity of the ecliptic to 
the equator, according to Mr. Long and fome others, 
is chichy owing to the unequal attraction of the fun 
and moon cn the protuberant mattér about the earth’s 
equator. For if it be coniidered, fay they, that the 
earth is not a perfeét {phere, but an oblate {pheroid, 
having its axis horter than its equatorial diameter ; and 
that the fun and moon are conitantly ating obliquely 
upon the greater quantity of matter about the equator, 
drawing it, as it were, towards a neaver and nearer coin- 
cidence with the ecliptic; it will not appear ttrange 
that thefe actions fhould gradually diminifh the angle 
between the planes of tote twa circles. Nor is it lefs 
probable that the mutual attraétions of all the planets 
fhould have a tendency to bring their orbits to a coin- 
cidence : though this chahge is too fmall to become 
fenfible in many ages. 

It is now however well known that this change in 
the obliquity of the ecliptic, is wholly owing to the’ 
aétions of the planets upon the earth, and ¢ pecially 
the planets Venus and Jupiter, but chiefly the former. 
See La Grange’s excellent paper upon shis fubject in 
the Memoirs of the French Academy for 1774; Caf- 
fini’s in 1778; and La Lande’s Ailron. vol. 3, art. 
2737. According to La Grange, who proceeds upon 
theory, the annual change of obliquity is variable, and 
has its limits : about 2000 years ago, he thinks it was 
after the rate of about 38° in 100 years; that it is 
now, and will be for 400 years to come, 56” per centu- 
ry; but 2000 years hence, 49” per century. According 
to Caflini, who computes from obfervations of the ob- 
liquity between the years 1739 and 1778, the annual 
change at prefent is 60” or 1” in roo years. But ac- 
cording to La Lande, the diminution is at the rate of 
88° per century ; while Dr. Mafkelyne makes it only 
50” in the fame time, ‘ 

Befide the regular diminution of the obliquity of 
the ecliptic, at the rate of near 50 feconds ia acentury, 
or half a fecond a year, which arifes from a change of 
the ecliptic itfelf, it is fubje& to two periodical inequali- 
ties, the one produced by the unequal force of the fun 
in caufing the preceffion of the equinoxes, and the other 
depending on the nutation of the earth’s axis. See the 
Explanation and Ufe of Dr, Mafkelyne’s Tables and 
Obfervations, pa. vi, where we are fhewn how to cal- 
culate thofe inequalities, and where he fhews that, from 
his own obfervations, the mean obliquity of the ecliptic 
to the beginning of the year 1769, was 23° 28° g "7. 

To find the Obliquity of the Echptic, or the greateft 
declination of the fun: about the time of the fummer 
folitice obferve very carefully the fun’s zenith diftance 
for feveral days together ; then the difference betweca 
this diflance and the latitude of the place, will be the 
obliquity fought, when the fun and equator are both 
on one fide of the place of objervation; but their a 

wil 
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will be the obliquity when they are on different fides 
of it. Or, it may be found by obferving the meridian 
altitude, or zenith diftarice, of the fun’s centre, on the 
days of the fummer and winter folftice; then the dif- 
ference of the two will be the diftance between the 
tropics, the half of which will be the obliquity fought. 

By the fame method too, the declination of the fun 
from the equator for any other day may be found ; 
and thus a table of his declination for every day in 
the year might be'conftrnéted. Thusalfo the declina- 
tion of the fas might be found. - 








Authors’ Names Year efore! Ouiquity 

oF 

Pytheas - - 324 123 49 23 

Eratofthenes and Hipparchus |230& 140]23 5 20 

after Chrift 

Ptolomy - - - “140 123 48 45 
Almahmon - - 832 23 ay 
Albategnius - - 880 |23 35 

Thebat - - OIE 123 33 30 
Abul Wafi and Hamed 999 }23 35 
Perfian Tables in Chryfococea | 1004 |23 35 
Albatrunius = - -- 1007 |23 35 

Arzachel - - 1104 123 33 30 

Almzon - oe T1490 |23 33 30 


Choja Naflir Oddin 
| Prophatius the Jew 


1290 |23 30 
1300 |23 32 


Ebn Shattir - 1363 |23 31 
!Purbach and Regiomontanus 1460 23 30 
Ulugh Beigh - - 1463 }23 30 17), 
Walther - - 1476 |23 30 
Do. correéted by refraction &e}] —— 123 29 8 
Werner - ~ Isto 123 28 30 
Copernicus - - 1525 }23 28 24 
Egnatio Danti - - 1570 123 29 
Prince of Heffe - 1570 |23 31 
Rothmann and Byrge 157 $23 30 20 
Tycho Brahe - 1584 |23 31 30 


Ditto correted ~ — |23 29 


Wright --+ - - 1594 |23 30 * 
Kepler 7 oe - 1627 |23 30 30 
Gaffendus - - 1630 $23 31 
Ricciolus - - 1646 |23 30 20 
Ditto corretted + - 1655 |23 29 
Hevelius - - 1653 |23 30 20 
Dittocorretted + - 1661 }23 28 52 
Caffini = - 1655 |23 29 15 


Montons, correéted, &c 1660 |23 29 3 





Richer corrected + 1672 {23 28 52 
De la Hire - - 1686 }23 29 

Ditto corrected - - — |}23 29 28 
Flamfteed - - 1690 }23 29 

Bianchini - - 1703 {23 28 25 
Roemer - - 1706 |23 28 41 
Louville - - 1715 123 28 24 
Godin - - - 1730 {23 28 20 
Bradley - - 1750 |23 28 18 
Mayer - - - 1756 $23.28 16 
Maikelyne - - 1769 423 28 10 
Hornfby - - 1772 123 28 8 
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The obfervations of aftronomers of all ages, on the 
obliquity: of the ecliptic, have been colleGed together ; 
and although fome of them may not be quite accurate, 
yet they fufficiently thew the gradual and continual de- 
creafe of the obliquity from the times of the earliet 
obfervations down to the prefent time. The chief of 
thofe obfervations may be feen in-the foregoing table; 
where the firft column contains the name of the ob- 
Server; or author, the 2d the year before or after Chrift, 
and the 3d the obliquity of the ecliptic for that time. 

See Ptolom., Alm. hb. 1, cap. 10; Riccioli Alms 
vol. 1, lib. 3, cap. 27; Flamiteed Proleg. Hitt. Col, 
vol. 33 Philof. Tranf, number 163 ; ib. vol. 63, pt. 13 
Long’s Aftron. vol. 1, cap. 16; Memoirs of the 
Acad. an. 1716, 1734, 1762, 1767, 1774) 1778; AG@a 
Evud. Lipfie 17193 Naut. Alm.- 1779 ;-Matkelyne’s- 
Obferv. Explan. pa. vi; &c. # 

According to an ancient tradition of the Egyptians, 
mentioned by Herodotus, the ecliptic had formerly been 
perpendicular to the equator; they were led into this: 
notion by obferving, for along feries of years, that the 
obliquity was continually diminifhing’ ; or, which 
amounts to the fame thing, that the ecliptic was con- 
tinually approaching to the equator. From thence they 
took occalion to fufpeét that thofe two circles, in the. 
begitining, had. been as far off each other as pofible,. 
that is, perpendicular to each other. Diodorus Siculus- 
relates, that the Chaldeans reckoned 403,009 years from. 
their firft obfervations to the time of Alexander’s en-- 
tering Babylon. This enormous account may have 
fome foundation, on the fuppofition that the Chaldeans 
built on the diminution of the obliquity of the ecliptic 
at the rate of aminute in 100 years. M. de Louville, 
taking the obliquity fuch as it muft have been at the 
time of Alexander’s entrance into Babylon, and goin 
back to the time when the ecliptic, at that rate, muf 
have been perpendicular to the equator, actually finds 
402,942 Egyptian, or Chaldean years ;.which is only 
58 years fhort.of that epocha. Indeed there is no way” 
of accounting for the fabulous antiquity of the Egyp-- 
tians, Chaldeans, &o; fo probable, as from the fuppoli- 
tion of long periods of very flow celeftial motions, a: 
fmall part of which they had obferved, and from which 
they-calculated the beginning of the period, making the 
world and their own nation to commence together. Or: 
perhaps they fometimes counted months or days for: 

eats. 

Should the diminution always continue at the rate it’ 
has lately done, viz at 50° or 56“ a century, it would: 
take 96,960 years, from the year 1788, to bring the 
ecliptic exactly to coincide with the equator. 

Ecripticy in Geography, a great circle on the ter-- 
reftrial globe, in the plane of, or direétly under, the ce-- 
leftial ecliptic. 

Ecustic, Eclipticus, fomething belonging to the: 
ecliptic, or to eclipfes; as ecliptic conjunétion, oppofi- 
tion, &c. 

Ecuipric Bounds, or Limitsy ave the: preateft dif- - 
tances from the nodes at which the fun-or mooncan be. 
eclipfed ; namely, near 18 degrees:-for the fun, and 12: 
degrees for the moon. 

_Ecuipric Digits, digiti ecliptici. See Dicits. 
Poles of ibe Echirtic, are the two oppofite points a 
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of the fphere which are each everywhere equally diflant 
from the ecliptic quite around, ér go° diftant from it. 
"The diftance of the poles of the ecliptic from the poles 
of the equataly or of the world, is always equal to the 
varying diflance of the obliquity of the ecliptie, and at 
the beginning of the year 1789 it was jut 23° 28", 
Redyéficn ta the Ectsrtic. See Reductions 

EFFECT, the refult or confequence of the applica- 
tlon of a canfe, or agent, on fome fubje&t. It is one of 
the great axioms in philofophy, that full effets are al- 
ways proportional to the powers of their adequate 
cautes. 

EFFECTION, denotes the geometrical conftru€tion 
of a propofition. The term is alfo ufed in reference to 
problems and practices 5 which, when they are dedu- 
cible from, or founded upon fome wali propofitions, 
are called the geometrical effection of them. 

EEFFERVESCENCE, is popularly ufed for a light 
ebullition, ora brifk inteftine motion, produced in a li- 
quor by the firft aétion of heat, with any remarkable fe- 

aration of its parts. : 

EFFICIENT Cauft, is that which produces an ef- 
fect. See Cause and Errect. 

Erricients, in Arithmetic, are the numbers given. 
for an operation of multiplication, and are otherwife 
called the fa&tors. Hence the’term coefficients im Al- 
gebra, which are the numbers prefixed to, or that mul 
tiply the letters or algebraic quantities. 

EFFLUVIUM, a flux or exhalation of minute parti- 
eles from any body ; or an emanation of fubtile cor- 
pufcles from a mixed, fenfible body, by a kind of motion 
of tranfpiration. 

ELASTIC, an. appellation given to all bodies en- 
dowed with the property of elafticity or {pringinefs. 

Exastic Body, is that which changes its figure, and 
yields to any impulfe or preffure, but endeavours by its 
own nature and force to reftore the fame again; or, it 
is a {pringy body, which, when compreffed or conden- 
fed, or the like, makes an effort to fet itfelf at liberty, 
and to repel the body that conftrained it. Such, for 
inftance, as a bow, or a {word blade, &c, which are 
eafily bent, but prefently return to their former figure 
and extenfion. All bodies partake of this property in 
fome degree, though perhaps none are perfeétly elaftic, 
as none are found to reftore themfelves with a force 
equal to that with which they arecompreffed. —- 

The principal phenomena obfervable in Elaftic bo- 
dies, are 1, That an elaftic body (i.e. a body perfect- 
ly elaftic, if any fuch there be) endeavours to reftore it- 


{elf with the fame force with which it is preffed or bent.. 


2,An clattic body exerts its force equally towards all 
fides ; though the effect is chiefly found on that fide 
where the refiftance is weakelt ; as is evident in the 
cafe of a gun exploding a ball, a bow fhooting out an 
arrow, &c.--3y Elaitic bodies, 

ftruck, or impelled, are infle@ted and rebound after the 
fame manner: thus a bell yields the fame mufical found, 
in-what manner, or on what fide foever it be ftruck; 
the fame ofa tenfe or mufical chord ; and a body re- 
bounds from a plane in the fame angle in which it meets 
or firikes it, making the angle of incidence equal to the 
angle of reflection, whether the intenfity ‘of the ftroke 
tbe greater or lefs.—4, A body perfeGtly Auid, if any fuch 
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in what manner foever . 
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there be, cannot be elaftic, if it be allowed that its parts: 
cannot be compreffed—s, A body perfectly folid, if 
any fuch there be, cannot be elaftic ;, becaufe, having 
no pores, it is incapable of being compreffed.—6, The 
elaflic properties of bodies feem to differ, according to 
their greater or lefs denfity or compaQtnels, though not 
in an equal degree: thus, metals are rendered more 
compgét and elaitic by being hammered : tempered fteck 
is much more elaftic than ba ficel ; and the denfity of 
the former is to that of the latter as 7809 to 7738: cold 
condenfes folid bodies, and renders them more elaftic; 
whilft heat, that relaxes them, has the oppofite effet : 
but, on the contrary, air, and other elaitic fluids, are 
expanded by heat, and rendered more elaitic-—For the 
Jaws of Motion and Percuflion in Elailic bodies, fee 
Motion, and Percussion. 

Exasric Curve. See CATENARIA. ' 

Exastic Fluids. See Aix, Eveeraiciry, Gass 
Evastic Varovas, &c, 

Exastic Gum.” The fame as Caoutcuouc, or | 
Indian Rubber. 

Exastic Vapours, or Fluids, are fach as may be com- 
prefled mechanically into alefs fpace, and which refume 
their former ftate when the compreffing force is withs 
drawn. Such as atmofpherical air, and all the aerial 
fluids, with all kinds of fumes raifed by means of heat, 
whether from folid or fluid bodies. 

. Of thefe, fome remain elaftic only White a confiderable 

degree of heat is applied to them, or to the fubitance 
which produces them ; while others continue elaftic in 
every degree of cold that has yet been obferved. Of 
the former kind, are the vapours of water, fpirit of 
witie, mercury, fal-ammoniac, and allkinds of fublimable 
falts: of the latter, thofe of f{pirit of falt, mixtures of 
vitriolic acid and iron, nitrous acid, and various other 
metals, and in fhort the feveral {pecies of aerial fluids 
indifcriminately. 

The elaftic force with which any one of thefe fluids 
is endowed, has not yet been calculated, as being ulti- 
mately greater than any obftacle we can put in its way. 
Thus, on comprefling the atmofpherical air, we find 
that for fome little time at firlt it eafily yields to any 
forée applied ; but at every fucceeding moment the re~ 
fiftance becomes always the ftronger, and a greater and 
greater force muft be applied, to comprefs it farther. 
As the compreffion goes on, the veffel containing the 
air becomes hot ; but no power whatever has yet been 
able in any degree to deftroy the clatticity of the con- 
tained fluid ; for, upon removing the preffure, it is al- 
ways found to occupy the very fame face that it did 
before. The cafe is the fame with the fteam of water, 
to which a fufficient heat is applied to keep it from 
condenfing into water. . 

Exasricity, or Exvasrie Force, that property of 
bodics by which they reftore themfelves to their former 
figure, after any external preffure. 

The caufe or principle of this important property, 
elafticity, is varioufly accounted for. The Cartefians 
afcribe it to their fubtile matter making an effort to pals 
through pores that are too narrow for it. ‘Thus, fay 
they, in bending or. comprefling a hard elaftic body, as 
a bow, for inftance, its parts recede from each other on 
the convex fide, and approach on the concave sh 
confe. 
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tonfequently the pores are contratted or ftraitened on the 
concave fide; and, if they were before raund, are now 
perhaps oval: fo that the materia fubtilis, or matter of 
the fecond clement, endeavouring to pafs ont of the 
pores thus ftraitened, muft make an effort, at the fame 
time, to reflore the body to the ftate it was in when 
the pores were rounder, i. e. before the bow was bent: 
and in this confifts its Elatticity, . 

Other later philofophers account for Elafticity mach 
after the fame manner as the Cartefians ; with this ouly 
difference, that inttead of the fubtile matter of the Car- 
tefians, thefe fubftitute Ether, or a fine ethereal medium 
that pervades all bodies. 

Others, fetting afide the precarious Notion of a ma- 
teria fubtilis, account for Elafticity from the great law 
of nature, Attraétion, or.the caufe of the cohefion of 
the parts of folid and firm bodies. Thus, fay they, 
when a hard body is ftruck or bent, fo that the com- 
ponent parts are moved a little from each other, but 
not quite disjointed or broken of, or feparated fo far 
as to be out of the power of that attracting force by 
which they cohere ; they muft, on removing the exter. 
ral violence, {pring back to their former natural flate, 

Others again refolve Elafticity into the preffure of the 
atmofphere: for a violent tenfion, or compreffion, 
thongh not fo great as to feparate the conftituent 
particles of bodies far enough to let in any foreign mat- 
ter, muft yet occafion many little vacuola between the 
Separated furfaces ; fo that'on the removal of the force 


athey will clofe again by the preffure of the aerial fluid . 


upon the external parts, 

Lattly, others attribute the Elafticity of all hard 
bodies to the power of refilition in the air included 
within them ; and fo make the elaftic force of the air 
the principle of Elafticity in all other bodies. Sec Def- 
aguliers’s Exper. Philof. vol. z, pa. 38, &e. 

The Evasticiry of Fluids is accounted for from 
their particles being ‘all endowed with a centrifugal 
force; whence Sir Ttanc Newton demonftrates, rop. 
23, lib. 2, that particles, which naturally avoid or ly off 
from one another by fuch forces as are reciprocally pro- 
portional to the diftances of their centres, will compofe 
an elaftic fluid, whofe denfity’ fhall be proportional to 
‘its compreffion 3 and vice verfa, if any fluid be com- 
pofed of particles that fly off or avoid one another, and 
have its denfity proportional to its compreffion, then 
the centrifugal Forces of thofe particles will be recipro- 
cally proportional to the diftances of their centres. 

Exasticiry of the dir is the force with which that 
element endeavours to expand, and with which it does 
adtually dilate itfelf, on removing the force that com- 
preffed it. See Arr, and ATMOSPHERE. 

The Elafticity or {pring of the air was firt difcover- 
ed by lord Bacon, and farther eftablithed by Galileo. 
Its exiftence is proved by this experiment of that philo- 
fopher: An extraordinary quantity of air being intrud- 
ed, by means of a fyringe, into 4 hollow ball or thell 
‘of glafs or metal, till fuch time as the hall, with this 
acceffion of air, weigh confiderably more in the balance 
than it did before ; then, opening the mouth of the 
ball, the air ruthes out, till the ball fink to its former 
weight. From hence we infer, that there is juft as 
a air gone out, as compreffed air had been crowded 

on. I, : 
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in. Air therefore returns to its former deghee- of ex. 

paafiea, upon removing the force that compreffed or 

refitted its expanfion ; and confequently it is endowed ° 
with an claitic force. It may be added, that as the 

air is found to ruth out ia every fituation or directi 
of the orifice, the elaflic force ats every way, or in every 
direétion alike, 

The caufe of Elaflicity in air hath been ufually 
aferibed to a repulfion between its particles ; but what 
is the caufe of that repulfion? The term repultion, like 
that of attra@ion, requires to be defied 3 and proba. 
bly it will be found in moft cafes to be th effet of 
the aGion of fome.other fluid. Thas, tt i 
the Elafticity of the atmofphere is v 
affeS&tced by heat. Suppofing a quant 
to fuch a degree as to raifé Fahrenheit’s ermonieter 
to 212, it wil then cccupy a confiderable fpace 5 but 
if it he cooled again to fuch a degree, as to fink the 
thermometer to o, it will thrink up to lefs than half 
the former bulk. The quantity of repulive power 
therefore acquired by the air, while palling from one 
of thefe flates to the other, is ev idently owing to the 
heat added to it, or taken away from it. Nor does 
there feem to be any reafon to fuppofe, that the quan. 
tity of Elatticity or repulfive power it fill poffeffes, is 
owing to any other caufe than the fire contained in it. 
The fapp:fition that repulfion is a primary caufe, in- 
dependent of all others, has given rife to many erroneous 
theories, and very much embarraffed hilofophers in ac- 
counting for the phenomena of Ela icity, 

The. Elatticity of the air is not only proportional 
to its denfity, but is always equal to the force which 
compreffes it, béecaude thefe two exa@tly balance each 
other. ‘This Elafticity, in the atmofpheric air, is mea- 
fured by the height of the barometer at any time, al- 
lowing for its heat or temperature, after this. rate, viz, . 
the 434th part for each degree of Fahrenheit’s thermo. 
meter, above or below fome mean temperature, as 55° ; 
for by that part of the whole it is that air expands .or 
contracts, cr elfe increafes or decreafes in its Elaflicity, 
for each degree of the thermometer. Sir Ceo. Shuck- 
burgh, in the Philof. Tranf. for 17775 par 561. 

ELECTIONS, or-Choice, fignify the feveral different 
ways of taking any number of things propofed, either - 
feparatcly, or.as combined in pairs, in threes, in fours, 
&c3 notas to the order, but only as to the number and 
variety of them. Thus, of the things a, L, ¢, d, ¢ 
&c, the eleétions of he 
one thing are fa,) 1 = 2% I, 
two things are (a, 6, ab) 3 =2%— 1, 
threethings are (4, b, c, ab, ac, be, ale) 7 = 23— I, 
&c; and of any number, n, all the ele€tions are 2"—1 Ps 
that is, one lee than the power of 2 whofe exponent 
is n, the number of fingle things to.be chofen, either 
feparately or in combination. 

ELECTRIC, in Phyfics, is a term applied to thofe 
fubftances, in which the ele&tric fluid can be excited, 
and accumulated, without tranfmitting it ; and which 
are therefore called non-condufors. They are alfo call- 
ed original Eleftrics, and Ele@rics ‘ber fe. 

The word is derived from natxtgov, amber, one of the 
moft obfervable non-condu€tors. "To this clafs alfo be. 
leng glafs, and all vitrifications, even of metals; all 

ecious ftones, of which the moit tranfparent are the 

3H bef; 
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bef; all fefins, and refinous compofitions ; alfo fol. 

hur, baked wood, all bituminous fubftances, wax; 
Fu, ‘ectton, all dry animal fubftances, as feathers, 
wool, hair, &c ; alfo paper, white fugar, and fugar- 
candy 3 Hkewife air, oils, chocolate, calces of metals 
and femi-metals, the afhes of animal and vegetable 
fubftances, the ruft of metals, all dry vegetable fub- 
flances, and ftones, of which the hardeft are the beft. 

Subftances of this kind may be excited, fo as to ex- 
hibit the Eletric appearances of attracting and repell- 
ing light bodies, emitting a {park of light, attended 
with a fnapping noife, and yielding a current of air, 
the fenfation of which refembles that of a fpider’s web 
drawn over the face, &c, and a fmell like that of phof- 
phorus ; and this exciting may be either by fri@ion, or 
by heating and cooling, or by melting, and pouring one 
melted’ fubftance into another. _, 

The term is peculiarly applied to the eledtric, viz. 
the globe, or cylinder, &c, ufed in eleétrical machines, 
to colleét the eleGtrical matter by rubbing it. 

Execrricay Air Thermometer, an inftrument con- 
trived by Mr. Kinnerfley of Philadelphia, and ufed in 
determining the effeéts of the eleétrical explofion upon 
air. ‘The defcription may be feen in Franklin’s Let- 
ters, &c, pa. 389, 4to, 1759. 

Exectricat Apparatus, confifts of glafs tubes, 
about 3 feet long, and an inch and a half in diameter, 
one of which thould be clofed at one end, and furnifhed 
at the other end with a brafs cap and ftop-cock, to rarefy 
or condenfe the inclofed air ; Ricks of fealing wax, or 
tubes of rough glafs, or glafs tubes covered with feal- 
ing-wax, or cylinders of baked wood far producing the 
negative electricity 3 with proper” rubbers, as black 
oiled filk, with amalgam upon it for the former, and 
foft new flannel, or hare fkins, or cat fkins, tanned with 
the hair on, for the latter; coated jars, or plates of 
glafs, either fingle, or combined in a battery, for ac- 
cumulating elegtricity ; metal rods, as difchargers ; an 
eleétrical machine ; eletrometers, and infulated fools, 
fupported by pillars of glafs, covered with fealing-wax, 
cr baked wood, varnifhed or boiled in linfeed oil. 

Evecraicht Aimofphere, is a ftream or mafs of the 
Ele@trical fluid which furrounds an excited or eleétri- 
fied body, to fome diftance. 

Exectricat Bas. See Barts and Evecrrome- 

TER. . 
ExecrricaL Battery, conlitts of a large quantity of 
coated jars, placed near each other in a convenient 
manner. ‘Thefe being charged, or electrified, and con- 
nested with each other, are then fuddenly exploded or 
difcharged, with a prodigious effe&. 

Evecraican Flui 


‘d, isa fine rare fluid which iffues 
from, and furrounds electrified bodies. 

Execrricat Aite, was contrived by Dr. Franklia, 
to. verify his hypothefis of the identity of ele@ricity 
and lightning. It confifted of a large thin filk hand- 
kerchief, extended and faftened at the four corners to 
two flender ftrips of cedar, and accommodated with a 
tail, loop, and ftring, fo as to rife in the air like a pa- 
perkite. To the top of the upright flick of the crofs 
was fixed a very tharp-pointed wire, rifing a foot or 
more above the wood; and to the end of the twine, 
next the hand, a filk ribband was tied. From a key 
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fafpended at the junGtion of the twine and filk, when 
the kite is raifed during a thunder-ftorm, a phial may 
be charged, and eleétric fire colleéted, as is ufually done 
by means of a rubbed glafe tube or globe. Philof. 
Tranf. vol. 47, pa. 565, or Franklin’s Letters, pa. 
iit and 112. 

Kites made of paper, covered with varnifh, or with 
well boiled linfeed oil, to preferve them from the rain, 
with a flick and cane bow, like the common ones ufed 
by boys, will anfwer the purpofe extremely well, and 
are very ufeful in determining the electricity of the at- 
mofphere. See Conpucror. 

Execrricat Machine, isa part of the Eleétrical ap- 
paratus, contrived for collecting a great quantity of 
eleGtricity, and exhibiting its effects in_a very fenfible 
manner. It confifts of the eleCtric, the moving en- 
gine, the rubber, and the prime conduétor, In the 
early ftate of this fcience, for the electric, was ufed 
fealing-wax, fulphur, or rough glafs; but, fince the: 
method of infulating the rubber, and. fo producing ne- 
gative eleGtricity, was introduced, fmooth glafs has 
been ufed. "The form is commonly either that of a 
globe, or of a cylinder. Each figure has its advan- 
tages, and its inconveniences. Dr. Van Marum, a late 
German writer, has conitructed a machine, in which 
sumlac; in the form of a dife, is ufed as an eleGtric 
inftead of glafs; which has the effec of depending, 
very little on the temperature of the air 5 defcribed in 
his Verhandeling over het Eleétrizeeren, Kc, or a 
Treatife concerning the method of eleétrifying. Gronin- 
gen, 1776. But le has fince procured tone others to 
be made b Mr. Cuthbertfon, a very ingenious artift, 
of large aks, or round plates of giafs., one of thefe is 
now placed in Teyler’s Mufeum at Harlem, having two 
of thefe glafs plates, of 65 inches diameter, excited, on 
both fides of them, by rubbers of waxed taffaty; with 
which, effects are produced that are truly afonifhing 
and tremendous, See his Defcription of this machinc, 
andits effets, publithed in 4to, at Harlem, 1785, &c., 

There have been various contrivances for giving mo- 
tion to the eleGtric of a machine. The common me- 
thod is by a wheel turned by a winch or handle; a cord 
going round a groove in the periphery of the wheel,, 
and over a pulley in the neck of the globe or cylinder. 
Others have ufed multiplying wheels, which are ealily 
turned by a winch; and others again make ufe of a 
wheel and pinion, or a wheel and endlefs ferew. But 
Van Marum’s machine it feems has the completeft 
movement, its operation being very uniform, and eafily: 
worked ; it is kept in motion by a weight, which, after 
being wound up to the height of 12 fect, will continue 
the motion uniformly for 6 hours ; yielding alfo a ne- 
gative power, as well as the ofitive ; and the conduc 
tors annexed to it ferving eafily to convey the eleGtrical 
power wherever it is required, without the addition of 
any chain, or wires, &c. 2 

e Rubber is the next material part of a machine. 
Thefe were formerly made of red bafil tkins, ftuffed 
with hair, wool, flax, or bran: Ds, Nooth intro- 
duced filk cufhions ftuffed with hair, over which is laid 
a piece of leather, rubbed with amalgam, which are 
better than the others. The rubber may be infulated 
in any way that bef fuits the confrudtion of ee ma: 

chine: 
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chine sand a chain or wire may éafily be fufpended 
from it, to communicate with the floor, whenever the 
infulation is not neceffary ; and thus pofitive and nega- 

. tive ele@tricity may .be produced at pleafure. Van 
Marum ufes mereury to his rubbers. 

The-Prime Conduétor is another neceffary appen- 
dage to the Electrical Machine : its ufe is to receive the 
ele@tricity from the ele€tric, as it is produced, and ac- 
cumulate it as ina magazine, ready to be drawn off and 
employed on all occafions. See Prime Conpucror. 


Defeription of the moft ufeful Eleétrical Machines. 


Fig. 1, plate ix, reprefents Dr. Prieftley’s Machine, 
a very extenfively ufeful one, defcribed in his Hiftory 


of Elericity; in which g is the globe, or electric; f 


the rubber; in the two pillars d, d, of baked. wood, 
are feveral holes to receive the fpindles of different 
globes or cylinders, feveral of which may be put on to- 
gether, to increafe the eleétricity : £/m is the prime con- 
ductor, being a copper tube, fupported on a ftand of 
glafs or baked wood. 

Fig. 2 is Dr. Watfon’s Machine, for ufing feveral 

globes at once, to accumulate a great quantity of elec- 
tricity. 
. Fig, 3 reprefentsa very portable Eleétrical Machine 
invented by Mr. Read, and improved by Mr. Lane. A 
ie the glafs cylinder, moved vertically by means of the 
pulley at the lower end of the axis, the pulley being 
tured by the large wheel B parallel to the table; there 
are feveral pulleys, of different fizcs, either of which 
may be ufed, according asthe motion is required to be 
quicker or flower. "The conduétor C is furnifhed with 
points to collect the fuid, and is {erewed to the wire of a 
coated jar D, The figure fhews alfo the manner of 
applying Mr. Lanc’s electrometer to this machine. 

Eleétrical Machines have of late years undergone 
fome very effential alterations and improvements ; both 
from the fuggeltions of private eleCtricians, and the in- 
ventions of Vents, Adams, Nairne, and Jones, inftru- 
ment makers in London ; fome of which are as follow: 

Fig. 4 reprefents a very convenient machine for prac- 
tice. The frame of this machine confifts of the bottom 
board ABCD ; which, when the machine mutt be ufed, 
is faftened to the table by two metal cramps, EF are 
two round pillars, of baked wood, which fupport the 
cylinder G by the axles of the brafs or wooden caps 
H, turned fometimes by a fimple winch I, and fome- 
times by a pulley and wheel, as in the next fig. The 
rubber is fixed to a glafs pillar K, whichis faftened toa 
wooden bafis L at the bottom. The conductor N is 
ufually made of brafs or tin japanned, and is infulated 
by a glafs pillar, fcrewed into a wooden bafis or foot, 
which is moft conveniently placed: parallel to the cylin- 
der. : 

Fig. § reprefents an Eleétrical Machine, with a 
conduétor in the fhape of a T ; and an improved mei- 
cal apparatus, where it is neceflary to give the fhock in 
the arms. 

Fig. 6 fhews Mr. Nairne’s patent machine for medi- 
cal purpofes. Its glafs cylinder is about 7 inches in 
diameter, and 12 long, with two condudtrs parallel to 
it., The rubber is faftened to the conductor R; and 
confifts of a cufhion of leather ftuffed, having a piece 
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of filk glewed to its under part. The conduttors are of 
tin covered with black lacker, each of. them containing 
a large coated glafs jar, and likewife a {maller one, or 
acoated tube, which are vifible when the caps NN are 
removed, -To each conduétor is fixed a knob O, for the 
occafional fufpenfion of a chain to produce pofitive or 
negative ele&tricity. That part of the winch C which 
acts as a lever in turning the cylinder, is of glafs. Thus 
every part of the machine is infulated, the cylinder it- 
felf and its brafs caps not excepted ; by which means 
very little of the electricity is. diffipated, and hence of 
courle the effeéts are likely to be the more powerful. 
And to this the inventor has adapted fome flexible con- 
du@ing joints, a difcharging electrometer, &c, for the 
practice of medical eleftricity. 

The large Ele@trical Machine placed ia Teyler’ Mu- 
feum at Harlem, has been partly defcribed above. it . 
was conftructed by Mr. John Cuthbertfon, an Englifh 
inftrument maker; and it has, for the eleétric, two 
glafs plates of 65 inches diameter, made of French 
glafs, as this is found to produce the mott eleétricity 
next to Englifh flint glafs, which could not be made of 
a fufficient fize: thele plates are fet on the fame hori- 
zontal axis, at the diftance of 7} inches, and are ex- 
cited by 8 rubbers, each 154 inches long; and both 
fides of the plates are covered with a refinous fubftance 
to the diftance of 16} inches from the centre, both to 
firengthen the plates,and to prevent any electricity from’ 
being carried off by the axis. Its battery of jars con- 
tains 225 fquare feet of coated furface,, and- its effets. 
are aftonifhingly great. 

Exvectricay Phial. See Lexpen Phial. 

Exectrican Rubber. See Evectricat Apparatisy, 
and Evectricat Machine. 

Evectarica Shock, is the fudden explofion between 
the oppofite fides of a charged eleétric; fo called be- 
caufe if the difcharge be made through the body of an 
animal, it occafions a fudden motion by the contrac- 
tion of the mufcles through which it paffes, accompa- 
nied with a difagreeable fenfation. The force of this 
fhock is proportioned to the quantity of coated furface, 
the thinnefs of the glafs, and the power of the machine 
by which it-is charged. Its velocity is almoft inftanta- 
neous, and it has not been found to take up the leaft 
fenfible time in paffing to the greateft diftances. 

It has been obferved that the Eleétrical Shock is 
weakened by being communicated through feveral per- 
fons in conta& with one another. Indeed it is obftructed 
in its paffage, even through the beft ‘conductors, as it 
will prefer a fhort paffage through the air to along one 
through the moft perfe& conduétors ; and if the cir- 
cuit be interrupted, either by electrics, or yery imper- 
fect condu€tors of a moderate thicknefs, the fhock wilt 
rend them in its paflage, difperfe them in every direc- 
tion, and exhibit the appearance of'a fudden expanfion 
of the air about: the centre of the thock. A ftrong 
fhock made to pafs through or over the belly of a one 
cle, forces it to contraét ; and fent through a {mall ani- 
mal body, deprives it inftantly of life, and haftens pus 
trefation. - It gives polarity to’ magnetic needles, re- 
verfes their poles, and produces effects precifely fimilar, 
though inferior in degree, to thofe of lightning. 

Exvectrican Siar. See Star. : 
3H2 ELECTRICITY, 
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ELECIRICITY, or Exscratcat Force, is that 
power or property, which was firft obferved in amber, 
the lyneurium, or tourmalin, and which fealing-wax, 
glafs, and a variety of other fubitances, called eleétrics, 
are now known to pollefs, of attraGting light bodies, 
when excited by heat or friétion ; and which is alfo ca- 
pable of being communicated in ‘particular circum- 
dtances to other bodies, 

Execraicity alfo denotes the {cience, or that part 
of natural philofophy, which propofes to invettigate the 
nature and effects of this power. From »asxteor, the 
Greek name for ainber, is derived the term Electricity, 
which is now very extenfively applied, not only to the 
power of attracting light bodies inherent in amber, but 
to other fimilar powers, and their various effects, in 
whatever Lodies they retide, or to whatever bodies they 
may be communicated. 5 

Mufchen>roek and Epinus have obferved a confi- 
derable analozy, in a variety of particulars, between the 
powers of Flectricity and Magnetifm ; and they have 
alfo pointed out many inftances ia which they differ. 

Hiftery of Wrrcrareity. The property which 
amber poffefles of attra€ting light bodies, was very an- 
ciently obferved. Thales of Miletus, 600 years before 
Chrift, concluded from hence that it was animated. 
But the firft perfon whe exprefsly mentioned this fub- 
flance, was Theophraftus, about 300 years belore 
Chrift, The attractive property of amber is alfo occa- 
fionally noticed by Pliny, and other later naturalifls, 
particularly Gaffendus, Kenelm Digby, and Sir Tho- 
mas Brown. But it was generally apprehended that 
this quality was peculiar to amber and jet, and perhaps 
agate, till W. Gilbert, a native of Colchefter, and a 
phyfician in London, publithed his treatife De Mag- 
nete, in the year 1600. Dr. Gilbert made many confi- 
derable experiments and difcoveries, confidering the 
then infant ftate of the feience. He enlarged the lift 
both of eleétrics, and of the bodies on which they a&t: 
he remarked, that adry air was moft favourable to elec- 
trical appearances, whilft a moift air almoft annihilates 
the eleétric virtue: he alfo obferved the conical figure 
afflumed by electrified drops of water: he confidered 
electrical attraGtion feparately from repulfion, which he 
thought had no place in Eleétricity, asa phenomenon 
fimilar to the attraQion of cohefion, and he imagined, 
that eleGiries were brought into contact with the bodies 
on which they aét by their cfBuvia, excited by fric- 
tion. 

The ingenious Mr. Boyle added to the catalogue of 
eleGtric fubftances; but he thought that glafs poffefled 
this power in a vety low degree: he found, that the 
Electricity of all bodies, in which it might be excited, 
was increafed by wiping and warming them before they 
were rubbed ; that an excited cleric was ated upon 
by other bodies as‘Rtrongly as it a€ted upon them ; that 
diamonds rubbed: againit any kind of ftuff, emitted 
light in the dark ; and that feathers would cling to the 
fingers, and to other fubfances, after they had been 
attracted by ele€trics. He accounted for eleGtrical at- 
traction, by fuppofing 5 rier effluvia emitted from 
ekctrics, which laid hokd of fmall bodies, in its way, 
and cares them back to the body from which it pro-: 
eveded. 





3 


a wey 


ELE 


Otto Guericke, the celebrated inventor of the aire 
pump, lived about the fame time. ‘This ingenious pe 
lofopher difcovered, by means of a globe of fulphur, 
that a body once attracted by an electric, was next re~ 
pelled, and continued in this fate of repulfion till it 
fiould be touched by fome .other body: he alfo ob- 
ferved the found and light produced by the excitation 
of his globe 5 and that bodies immerged in ele€trical. 
atmofpheres are themfelves eleGtrified with an electri- 
city oppofite to that of the atmofphere. 

The light emitted by eleétrical bodies was, not long 
after, obferved to much greater advantage by Dr. 
Wall, who afcribes to light the eleizical property 
which they poffefs ; and he fuggefts a fimilarity be- 
tween the effeats of eleGtricity and lightning. 

Sir Ifaac Newton was not inattentive to this fubjet : 
he obferved that excited glafs attracts light bodies on 
the fide oppofite to that on which it is rul bed ; and he 
aferibes the aétion of ele€tric bodies to an claitic 
fluid, which freely penetrates glafs, and the emiflion 
of it to the vibratory motions of the parts of excited 
bodies. 

Mr. Hawkfbee wrote on this fubjeét in the year 
1709, when a new ra commenced in the hiitory of this 
fcience. He firlt took notice of the great elegtrical 
power of glafs, and the light proceeding from it 5 
though others had before oblerved the light pro- 
ceeding from other electrified fubltances + he alfo. 
noted the noife occafioned af it, with a variety of phe- 
nomena relating to electrical attraction and repulfion. 
He firft introduced a glafs globe into the ele&rical ap- 

aratus, to which circumstance it was that many of his 
important difcoveries were owing. 

‘After his time there was an interval of near 20 years. 
in the progrefs of this fcience, till Mr. Stephen Grey 
aitablithed a new ara in the hiftory of leétricity. 
To him we owe the capital difcovery of communi~ 
cating the power of native electrics to other bodies, in 
which, it cannot be excited, by fupporting them on 
filken lines, hair lines, cakes of refin or glafs; and 
a more accurate diftinétion than had hitherto obtain~ 
ed between electrics and non-eledtrics : he alfo thewed 
the effe& of eleétricity on water much more obvioufly 
than Gilbert had done in the infancy of this fcience. 

The experiments of Mr. Grey were repeated by 
M. da Fay, member of the Academy of Sciences at 
Paris, to which he added many new experiments and 
difcoveries of his own, He obferved, that electrical 
operations are obftructed by great heat, as well as by a 
moift air; that, all bodies, both folid and fluid, would 
receive cleétricity, when placed on warm or dry 
glafs, ox fealing-wax ; that thofe bodies which are na 
turally the leaft cle€tric, have the greateft degree of 
eleétricity communicated to them by the approach of 
the excited tube. He tranfmitted the eleétric virtue 
through a diftance of 1256 feet ; and firkt obferved the 
elcétric fpark from a living body, fufpended on filken 
lines, and noted feveral circumftances attending it. M. 
du Fay alfo eftablifhed a principle, fir fuggefted by 
Otto Guericke, that ele€tric bodies attract all thofe 
that are not fo, and repel them as {oon as they are bes 
come ele&tric, by the vicinity or contaét of the electric 
body.. He likewife inferred from other aa a 

that 
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that there were two kinds of electricity; one of which 
he called the vitreous, belonging to glafs, rock cryftal, 


&c 3 aud the other refinous, aa that of amber, gumlac, 
&c, diitinguifhed by their repelling thofe of the fame 


kind, and attracting each other. e farther obferved, 
that communicated electricity had the fame property 
as the excited; and that eleétric fubitances attraét the 
dew more than conduétors. 

Mr. Grey, refuming his experiments in 1734, fuf- 
pended feveral pieces of metal on filken lines, and found 
that by electrifying them they gave fparks; which was 
the origin of metallic conduétors: and on this occa- 
fion he difcovered a cone or pencil of eleétric light, 
fuch as is now known to iffue from an eleétrified point. 
From other experiments he concludes, that the elec- 
tric power feems to be of the fame nature with that 
of thunder and lightning. 

Dr. Defaguliers fucceeded Mr. Grey in the profe- 
cution of this fcieace. The account of his firft expe- 
riments is dated in 1739. To him we owe thofe tech- 
nical terms of conduéiors or non-elefrics, and ele@rics 
per fez and he firft ranked pure air among the electrics 
per fe, and fuppoled its Electricity to be of the vi- 
treous kind. 
~ After the year 1742, in which Dr. Defaguliers con- 
cluded his experiments, the fubje& was taken up and 
purfued in Germany : the globe was fubftituted forthe 
tube, which had been ufed ever fince the time of 
Hawkfbee, anda cushion was foon after ufed as a rub. 
her,. inftead of the hand. About this time too, fome 
ufed cylinders inflead of the glohes ; and fome of the 
German cleétricians made ufe of more globes than one 
at the fame time. By thus increafing the eleétrical 
power, they were the firft who fucceeded in fetting fire 
to inflammable fubftances: this was firft done by Dr. 
Ludolf, in the beginning of the year 1744, who, with 
fparks excited by the friftion of a glafs tube, kindled 
the ethereal {pirit of Frobenius. Winkler did the fame 
by a fpark from his own finger, by which he kindled 
French brandy, and other fpirits, after previoufly 
heating them. Mr. Gralath fired the fmoke of a candle 
juft blown out, and fo lighted it again ; and Mr. Boze 
fired gun-powder, by means of its inflammable va- 
pour. About this time Ludolf the younger demon. 
fated, that the luminous barometer was made per- 
fedtly electrical by the motion of the quickfilver. The 
electrical flar and ele€trical bells were alfo of German 
invention, 

In England Dr. Watfon made a diftinguifhed figure 
from this period in the hiflory of Ele@tricity : he fired 
a variety of {ubftances by the eledtrical fpark, and firft 
difcovered that they are capable of being fired by the 
repulfive power of Eleétricity. In the year 1745, the 
accumulation of the ele€trical power in glafs, by means 
of the Leyden phial, was firft difcdvered. See Lev- 
pen pial: and for the method pra@ifed about this 
time, of meafuring the diftance to which the eledtrical 
thock may be conveyed, fee Eke&ricel Circuit. Dr. 
Watfon difcovered that the glafs tubes and globes do 
not contain the eleétric matter in themfelves, but only 
ferve as fixf-mavers or determiners, as he expreffes it, of 
that power; which was alfo confirmed towards the end 
of 1746, by Mr. Benjamin Wilfon, who made the 
fame difcovery, that the elettric fluid does not come 
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from the globe, but from the earth, atd bther non- 
eleGtric bodies about the apparatus. Dr. Watfon alfo 
difcovered what Dr. Franklin obferved about the fame 
time in America, and called the plus and minus in 
EleGtricity; He likewife thewed that the eleétric mat- 
ter paffed through the fubftance of the metal of com- 
munication, and not merely over the furface. The 
hiftory of medical Eleétricity commenced in the year 
1747- We muit omit other experiments, and conclu- 
fions drawn from them, by Mr. Wilfon, Mr. Smeaton, 
and Dr. Miles in England, and by the Abbé Nollet, 
with regard to the effet of Eleétricity on the evapo- 
ration of fluids, on folids, and on animal and other or- 
ized bodies, in France, 

Whilft the philofophers of Europe were bufily em- 
ployed in eleétrical experiments and purfuits, thofe of 
America, and Dr, Franklin in particular, were equally 
induttrious, and no lefs fuccefsful. His difcoverics and 
obfervations in Eleétricity were communicated in feve- 
ral letters to a friend; the firlt of which is dated in 
1747, and the latin 1754; and the particulars of his 
fyitem may be Seem under the articles, Tbeory of Evec- 
tricity, Lexpen Phial, Points, Cuarcinc, Con- 
puctors, Evecraics, &. 

The fimilarity between EleGricityand Lightning had 
been fuggefted by feveral writers: Dr. Franklin: firit 
propafeda. method of bringing the matter to the teit of 
experiment,by raifing ancledtrical kite; and he fucceeded 
in collecting eleGrical fire by this means. from: the 
clouds, in 1752, one month after the fame theory had 
been verified in France, and without knowing what 
had been done there: and to: him we owe the practical 
application of this difcovery, in fecuring buildings from 
the damage of lightning, by ere@ting metallic conduc- 
tors. See Conpucrors, and LiGnTNING. . 
In the fubfequent period of the hitory of this fei- 
ence, Mr. Canton in England, and Signior Beccaria in. 
Italy, acquired diftinguithed reputation. They both 
difcovered, independently of each other, that’ air is 
capable of receiving Electricity by communication, and 
of retaining it when received. Mr.. Canton alfo, to- 
wards the latter end of the year 1753, purfued a feries 
of experiments, which prove that the appearances of 
pofitive and negative EleGricity, which had hitherto: 
been deemed effential and unchangeable properties of 
different fubftances, as of glafs and fealing-wax. for in- 
flance, depend upon the farbee of the eleétrics, and. 
that of the rubber. 

This hypothefis, verified by numerous experiments, 
occafioned acontroverfy between Mr, Canton, and Mr. 
Delaval, who {till maintained that. thefe diferent pow- 
ers depended entirely on the fubitances themfelves.. 
About this time too, fome curious experiments were 
performed by four of the principal ele¢tricians of that 
period, viz. Dr. Franklin, and Mefirs. Canton, 
Wilcke, and Aipinus, to afcertain the nature of elec. 
tric atmofpheres ; the refult of which fee under that 
article, 

The theory of two eleGtric fluids, always co-exift- 
ent and counteraGting each other, though not abfo- 
lutely independent, was maintained by a courfe of exe 
periments on filk ftockings of different colours, com- - 
municated to the Royal Society by Mr. Symmer, in 
the year 1759, which were farther purfued by Mr. rt 
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of ‘Tiwzin, who publifhed an account’ ef them in 
the Memoirs of the Academy ‘at Turin for the year 
3765-- : 

Many inftances occur in the hiflory of the {cience 
about this period, of the aftonifhing force of the elec- 
tric fhock, in melting wires, and producing other fimi- 
lar cffets; but the mofl remarkable is an experiment 
of 5. Beccaria, in which he thus revivified metals, Se- 
veral experiments were alfo made by Dr. Watfon, Mr. 
Smeaton, Mr. Canton, and others, on the paflage of 
the eleétric fluid through a vacuum, and its luminous 
appearance, and on the power poffefled by certain fub- 
flances of retaining the light communicated to them by 
an elettric explofion. Mr. Canton, S. Beccaria, and 
_ others, made many experiments to identify Eletricity 

and lightning,, to afcertain the tlate of the atmofphere 
at different times, and to explain the various phenome- 
naof the Aurora Borealis, Water-Spouts, Hurricanes; 
&c, on the principles of this fcience. 

Thofe who are defirous of farther information with 
refpe& to the-hiftory of electrical experiments and dif- 
coveries, may confult Dr. Prieftley’s Hiftory and Prefent 
State of Eleéricity. This author howeveris not merelyan 
hiftorian: his work contains many original experiments 
and difcoveries made by himfelf. He afcertained the 
conduéting power of charcoal, and of hot glafs, the 
Ele@tricity of fixed and inflammable air, and of oil; 
the difference between new and old glafs, with. refpect 
to the diffufion of Eleétricity over its furface ; the la~ 
teral explofion in eleGtrical difcharges ; a new method 
of fixing circular-coloured {pots on the furfaces of me- 
tals, and-the moft probable difference between elegtrics 
and conduétors, &c. The fcievce is alfo greatly indebted 
to many other perfons, either for their experiments and 
improvements of it, or for treatifes and other writings 
upon it; as Mr. Henley, to whom-we owe feveral cu- 
rious experiments and obfervations on the eleétrical and 
conduéting quality of different {ubftances, as chocolate, 
vapour, &c, with the reafon of the difference between 
them ; the fufion of platina; the nature of the eleGtric 
fluid, and its courfe in a difcharge ; the method of ef- 
timating the quantity of it in ele€trical bodies by an 
eleGtrometer 3 the influence of points; &c, &c. Alfo 
Meffrs Van Marum, Van Swinden, Fergufon, Caval- 
to, Lord Mahon, Nairne, &c, &c, for their feveral 
treatifes on the fubje& of Eleétricity, any of which 
may be confulted with advantage for the experiments 
and principles of the fcience. 

Medical Exectricity. It is natural to imagine 
that a power of fuch efficacy as that of eleétricity 
would be applied to medical purpofes ; efpecially, fince 
it has been found invariably to increafe the fenfible 
perfpiration, to quicken the circulation of the blood, 
and to promote the glandular fecretion : accordicgly, 
many inftances occur in the latter period of the hiftory 
of this fcience, in which it has been applied with con- 
fiderable advantage and fuccefs. And among the va- 
riety of cafes in which it has been tried, there are none 

. in which it has been found prejudicial except thofe of 
regnancy and the venereal difeafe. In moft diforders, 


in which it has been ufed with perfeverance, it has given’ 
aa leaft a temporary and partial relief, and in many _ 


it haa effe€ed a total cure. Of which numerous in- 
ftances may be feen in the Philof. Tranf and the writ- 
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ings on this fcience by Meffrs Lovet, Weltley, Fete 
gufon, Cavallo, &c. &ce . 

Theory of Evectascrry. It is hardly neceffary to 
recite the ‘ancient hypothefes on this fubje@s fuch as 
that of the fympathetic powder of the Pcripatetics ; that 
of -unétuous eMlavia emitted by excited bodies, and 
returning to them again, adopted by Gilbert, Gafiendus, 
Sir KenelmDigby, &c; orthat of the Cartelians, who 
afcribed cle@ricity to the globules of the firft civinents, 
difcharged through the pores of the rubbed fubftance, 
and in their return carrying with them thofe light bo- 
dies, in whofe pores they were entangled: thefe hy- 

othefes were framed in the infancy of the fcience, and 
of philofophy in general, and have long fince been ex- 
ploded. In the more advanced ftate of electricity there 
have been two principal theories, each of which has 
hadits advocates. ‘I'he one, is that of two difting& 
eleétric fluids, repulfive with tefpect to themfelves, and 
attractive of one another, adopted by M. du Fay, on 
difcovering the two oppofite {fpecies of ele&tricity, viz, 
the vitreous and refinous, and fince new-modelled by Mr. 
Symmer. It is fuppofed that thefe two fluids are 
equally attraéted by all bodies, and exiit in intimate 
union in their pores; and that in this ftate they exhi- 
bit no mark of their exiltence. But that the friétion of 
an eleétric by a rubber feparates thefe fluids, and caufes 
the vitreous eleétricity of the rubber to pafsto the 
eleGiric, and then to the prime conductor of a machine, 
while the refinous cleétricity af the conductor and clec- 
tric is conveyed to the rubber: and thus the quality of 
the ele@tric fluid, poffeffed by the conductor and the 
rubber, is changed, while the quantity remains the 
fame in each. In this flate of feparation, the two elec- 
tric fluids will exert their refpective powers; and any 
number of bodies charged with either of them will re- 
pel cach other, attraét thofe bodies that have lefs of 
each particular fluid than themfelves, and be itill more 
attraéted by bodies that are wholly deftitute of it, or 
that are loaded with the contrary. According to this 
theory, the eleétric {park makes.a double current ; one 
fiuid paffing to an ele@trilied conduétor from any fub- 
ftance prefented to it, whilft the famé quantity of the 
other fluid paffes from it; and when each body re- 
ceives its natural quantity of both fluids, the balance of 
the two powersis reftored, and both bodies are unelec- 
trified. For a further account of the explication of 
fome of the principal phenomena of eleétricity by this 
theory, fee Dr. Prieftley’s Hiftory, vol. 2,9 3s 

The other theory is commonly diflinguifhed under 
the denomination of poftive and negative cle&rieity, being 
firft fuggefted by Dr. ‘Watfon,.but digefted, illuitrated, 
and confirmed by Dr. Franklin ; and fince -that it has 
been known by the appellation of the Franklinian hy- 
pothefis. It is here fappofed that all the phenomena of 
ele&tricity depend on one fluid, fui generis, extremely 
fubtile and elaftic, difperfed through the pores of all 
bodies, by which the particles of it are as flrongly attraGt- 
ed as they are repelled by one another. When bodies 
poffefs their natural fhare of this fluid, or fuch a quan- 
tity as they can retain by their non-attraction, it is then 
faid they are in an unele@rified ftate; but whex the 

uilibrium is difturbed, and they either acquire an ad- 
ditional quantity from other bodies, or lofe part of their 
own natural fhare by communication to other has 

they 
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they exhibit eleGtrical appearances. In the former cafe: 


it is faid they are ele€trified pofitively, or plus s and in.” 


the other negatively, or minus. ‘This eleftric fluid, it is 
pe moves with great eafe in thofe bodies that are 
call 


led conduétors, but with extreme difficulty and flows’ 


nefs in the pores of electrics ; whence it comes to pafs, 
that all eleGtrics are impermeable to it. It is farther 
fuppofed that electrics contain always an equal quantity 
of this fluid, fo that there can be no furcharge or ine 
creafeon one fide without a proportionable decreafe or 
lofs on the other, and vice verfa; and as the electric 
does not admit the paffage of the fluid through its 
pores, there will be an accumulation on one fide, and a 
correfponding deficiency on the other. Then when 
both fides are conneéted together by proper conductors, 
the equilibrium will be reitored by the ruthing of the 
redundant fluid from the overcharged furface to the ex- 
haufted one. Thus alfo, if an ele@tric be rubbed by 
a conduéting fubftance, the eleCtricity is only conveyed 
from one to the other, the one giving what the other 
receives; and if one be elettrified politively, the other 
will be elestrified negatively, unlefs the lofs be fupplied 
by other bodies éonneéted with it, as in the cafe of the 
elegtric and infulated rubber of a machine. This theory 
ferves likewife to illuftrate the other phenomena and 
operations in the feience of clettricity. Thus, bodies 

' differently electrified will naturally, attra& each other,, 
till they mutually give and receive an equal quantity 
of the eleétric fluid, and the equilibrium is reitored 
between them: - Beccaria fuppofes, that this effe& is 

~ produced by the eleGtric matter making a vacuum in 
its paffage, and the ‘contiguous air afterwards collapf- 
ing, and fo puthing the bodies together. 

The influence of points, in drawing or throwing off 
the electric fluid, depends on the lefs refiftance it finds 
to enter or pafé off through fewer particles than through 
a greater number, whofe refiftance is united in flat or 
tourd furfaecs.’ The electric light is fuppofed to be 
part of the electric fluid; which appears when it is prow 
perly agitated ; and the found cf an explofion is pro- 
duced by vibrations, occafioned by the air’s being dif 

placed by the eleétric fluid, and again fuddenly collapf- 
ing. ete mtd 
Eke to the nature of the eleftric fluid, phifofophers 
have entertained very different fentiments: fome, and 
among them Mr. Wilfon, have fuppofed that it is the 
fame with the ether of Sir Ifaze Newton, to which the 


phenomena of attraGion and repuifion are afcribed ;,, 


whilft the light. {mell, and other fenfible qualities of 
. the eleGtric fluid, are referred to the proffer particles of 
"bodies, driven from them by thé forcible action of this 
ether; and other appearances are explained by means 
of a fubtile medium diffufed over the furfaces of all 
bodies, and refifting the entrance and exit of the ether; 
which medium, it is fuppofed, is the fame with the eléc- 
tric fluid, and is more rare on the furfaces of conduc~ 
tors, and more denfe and refitting on thofe of eleftrics : 
but Dr. Prieftley remarks that, though they may poffefs 
« fome common properties, they have others effentially 


ditin@&; the ether is repelled by all other matter, - 


whereas the ele@trie fluid is ftrongly attraéted by i. 
Others have had recourfe to the element of fire 3, and 
from the fuppofed identity of fire and the eledtric fluid, 
as well as from the Similarity of fome of their cffe&ts, the 
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eleétricians have fuppofed that it is a fluid fui generise 
Mr. Cavendith has publifhed an attempt to deduce and 
explain fome of the principal phenomena of eledtricity 
in a mathematical and fyftematic manner, from the na- 
ture of this fluid, confidered as compofed of particles. 
that repel each other, and attract the particles of all other 
matter, with a force inverfely as fome lefs power of the 
diftance than the cube, whilft the particles of all other 
matter repel each other, and attra¢t thofe of the ele@tric 
fluid, according to the fame law. Philof, Tranf. vol. 61, 
pa. 584—677. Anda fimilar hypothefis and method of 
reafoning was alfo’ propofed by M. A®pinus, in his 
‘Tentamen Theorie Eleétricitatis & Magnetifmi, 

Dr. Prieftley concludes, from experiments, that the 
eleG@tric matter either is phlogifton, or contains it, fince 
he found that both produced fimilar effeéts. Mr. Hen- 
ley alfo apprehends, that the electric fluid is a modifica- 
tion of that element, which, in its ‘quiefcent ftate, is 
called phlogitton ; in its firit ative ftate, electricity 5 
and when violently agitated, fire. Perhaps we may be 
allowed to enlarge our views, and confider the fun aa 
the fountain of the eleCtric fluid, and the zodiacal light, 
the tails of comets, the aurora borealis, lightning, and 
artificial electricity, as its various and not very difhmilar 
modifications. On this fubject, fee Prieftley’s Hitt, 
of Electr, vol. 2, part 3, § I, 25 35 Wilfon’s Effay 
towards an Explication ‘of the Phenomena of Electri« . 
city, &c 3 Wilfon and Hoadley’s Obf. &e, pa. 555. 
17593 Freke’s Effay on the Caufe of Electricity, 
£746; Prieftley on Air, vol. t, pa. 186, 274, &ct 
Philof. 'Tranf. vol. 67, pa. 129 3 and Mr, Eeles’s Let- 
ters, on the fame faned. ; 

ELECTROMETER, is an inftrument that meat 
fures the quantity, and determines the quality of electri=. 
city, in any eleGrified body. Previous to the invention 
of inftruments of this kind, Mr. Canton eftimated the 
quantity of eleGtricity in a charged phial, by prefenting 
the phial with one hand to an infulated condu€tor, and. 
giving it a fpark, which he took off with the others 
proceeding in this manner till the phial was difcharged, 
when he determined the height of the charge by the: 
number of fparks. Eleétrometers are of 4 kinds x 
3, the fingle thread; 2, the cork or pith balls ¢ 
3, the quadrant; and 4, the difcharging EleCtrome- 
ter. oe 

The rft, or moft fimple Eleftrometer, is a linen 
thread, called by Dr. Defaguliers, the thread of trial 
which, being brought near an electrified body, is at. 
traéted by it: but this does little more than determine 
whether the body is in any degree electrified on fot 5. 
without determining with any precifion its quantity, 


“much lefs the quality of it.” The Abbé Noilet ufed. 


two threads, fhewing the degree of electricity by the 
angle of their divergency exhibited in their fhadow oa: 
a board placed. behiad them. : 
: Mr. Canton’s EleGrometer confifted of two Balls of 
cork, or pith of elder,-about the fize of a {mall pea, 


fufpended by fine linen threads, about 6 inches long, - 
which may he wetted in a weak folution of falt. Sve 
fig. 7. If the box containing thefe balls be infulated, 


py placing it on a drinking glafs, &c, and an excited.’ 
fmooth glafe tube be brought near them, they will firft 
wratied by it, ard then be repelled both from the 

- a : glale, 
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giafs, and ¥rom each other; but on the approach of 
excited wax, they will gradnally approach and come to- 
gether; and vice verfa. This apparatus will alfo ferve 
to determine the cleétricity of the clouds and air, by 
holding them at a fufficient diftance from buildings, 
trees, &c; for if the electricity of the clouds or air be 
politive, their mutual repulfion will increafe by the ap- 
proach of excited glafs, or decreafe by the approach of 
amber or fealing-wax ; on the contrary, if it be nega- 
tive, their repulfion will be diminifhed by the former, 
and increafed by the latter. See Philof. Tranf. vol. 48, 
part 1 and 2, A an account of Mr. Canton’s curious 
experiments with this apparatus. 

Tf two balls of this kind be annexed to a prime con- 
duétor, they will ferve to determine both the degree and 
quality of its ele€trification, by their mutual repulsion 
and divergency. . 

The Difcharging Ele&rometer, fig. 3, plate ix, was 
invented by Mr. Lane. It confilts of brafs work G, 
the lower part of which is inclofed in the pillar F, made 
of baked wood, and boiled in infeed oil, and bored cy- 
lindrically about two-thirds of its length; the brafs 
work is fixed to the pillar by the ferew H, moveable in 
the groove I; and through the fame is made to pafs a 
fteel {crew L, to the end of which, and oppofite to K, a 
polifhed hemifpherical piece of brafs, attached to the 

rime conduétor, is fixed a ball of brafs M well polifhed. 
‘o this fcrew is annexed a circular plate O, divided 
into 12 equal parts. The ufe of this Ele€trometer is, 
to difcharge a jar D, or any battery conneéted with the 
conduétor, without a difchargizg rod, and to give 
fhocks fucceflively of the fame degree of ftrength ; on 
which account it is very fit for medical purpofes. 
Then, if a perfon holds a wire faftened to the ferew H 
in one hand, and another wire fixed to E, a loop of brafs 
wire pafling from the frame of the machine to a tin plate, 
on which the phial D ftands, he will perceive uo thock, 
- when K and M are in conta@; and the degree of the 
explofion, as well as the quantity of eleétricity accumu- 
lated in the phial, will be regulated by the diftance be- 
tween K and M.  Philof. Tranf. vol. 57, pa. 451.— 
Mr. Henley much improved Mr. Lane’s Ele&trometer, 
by taking away the {crew, the double milled nut, and 
the fharp-edged graduated plate, and adding other con- 
trivances in their ftead. Mr. Henley’s difcharger of 
this kind has two tubes, one fliding within the other, to 

_ lengthen and accommodate it to larger apparatus. 

The Quadrant Eleétrometer of Mr. Henley, confifts 
of a ftem, terminating at its lower end with a brafs fer- 
rule and fcrew, for faftening it upon any occafion ; and 
its upper part ends ina ball. Near the top is fixed a 
graduated femicircle of ivory, on the centre of which 
the index, being a very light rod with a cork ball at its 
extremity, reaching to the brafs ferrule of the ftem, is 
made to turn.on a pin in the brafs piece, fo as to keep 
near the graduated limb of the femicircle. When the 
Ele@rometer is not eleétrified, the index hangs parallel 
to the ftem; but as foon as it begins to be cle¢trified, 
the index, repelled by the ftem, will begin to move 
along the graduated edge of the femicircle, and fo mark 
the degree to which the condudtor is eleétrified, or the 
height to which the charge of any jar or battery is ad- 
vanced, : 

My. Cavallo has alfo contrived feveral ingenious Elec- 
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trometers, for different ufes; as may be feen is. hie 
Treatife on EleGtricity, pa. 370, &c, and in the Philof, 
Tranf, vol. 67, pa. 48 and 399. 

ELECTROPHOR, or Ecectrornorvs, an in- 
frument for fhewing perpetual cleGtricity ; which was 
invented by Mr. Volta, of Como, near Milan, in Italy. 
The machine confifts of two plates, fig. 8, one of 
which B isa circular plate of glafs, covered on one fide 
with fome refinous eleétric, aud the other A isa plate 
of brafs, or a circular board, coated with tinfoil, and 
furnifhed with a glafs handle I, which may be ferewed 
into its centre by means of a focket. If the plate B 
be excited by rubbing it with new white flanncl, and the 
plate A be applied to its coated fide, a finger, or any 
other conduétor, will receive a {park on touching this 
plate ; and if the plate A be then feparated, by means 
of the handle I, it will be found flrongly eleétrified, 
with an eleétricity contrary to that of the plate 3. 
By replacing the plate A, touching it with the finger, 
and feparating it again, it will be found cleétrificd as 
before, and give a {park to any conductor, attended 
with a faapping noife; and by this means a coated 
phial may be charged. The fame phenomena may re- 
peatedly be exhibited, without any renewed excitation 
of the eleétric plate B; the cledtric power of B having 
continued for {everal days, and even weeks, after ex- 
citation ; though there is no reafon to imagine that it 
is perpetual. 

r. Cavallo prepares this machine by coating the 
glafs plate with fealing-wax ; and Mr. Adams, philofo- 
phical infrument maker, prepares them with plates 
formed from a compofition of two parts of fhell-lac, and 
one of Venice turpentine, without any glafs plate. 

The ation of this plate depends on a principle dif- 
covered and illuftrated by the experiments of Frank- 
lin, Canton, Wilcke, and ASpinus, viz, that an excited 
cleétric repels the electricity of another body, brought 
within its {phere of aétion, and gives it a contrary clec- 
tricity. Thus the plate A, touched by a conductor, 
whilft in conta& with the plate B, electrified negatively, 
will acquire an additional quantity of the eleétric fluid 
from the condu@tor ; but if it were in contaét with 
a plate eleétrified pofitively, it would part with its clec- 
tricity to the conduétor conne&ted with it. See an 
account of feveral curious experiments with this ma- 
chine, by Mr. Henley, Mr. Cavallo, and Dr. Ingen- 
houfz, in the Philof. Tranf. vol. 66, pa. 513 ; vol. 67, 
pa. 116 and 389; and vol. 68, pa. 1027 and 1049. 

ELEMENTARY, fomething that relates to the 
principles or elements of bedies, or fciences ; as Ele- 
mentary Air, Fire, Geometry, Mufic, &c. 

ELEMENTS, the firft principles, of which all 
bodies and things are compofed. ‘Thefe are fuppofed 
few in number, unchangeable, and by their combinations 
producing that extenfive varicty of objects to be met 
with in the works of nature. ; 

Democritus ftands at the head of the Elementary 
Philofophers, in which he is followed by Epicurus, and 
many others after them, of the Epicurean and corpuf- 
cular philofophers. 

Among thofe who hold the Elements corruptible, 
fome will have only one, and fome feveral, Of the 
former, the principal are Heraclitus, who held fire ; 
Anaximenes, air; ‘Thales Milefius,.water ; and Hefiod, 

3 — earth ; 
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Bernardin, Telefius ; and Thales by many of the che- 

miits, + 

Among thofe who admit feveral corruptible Ele- 

_aments, the principal are the Peripatetic; who, after 
their leader Ariftotle, contend for four Elements, viz, 
fire, air, water, and earth. Arriftotle took the notion 
from Hippocrates; Hippocrates from Pythagoras 5 
and Pythagoras’ from Ocellus Lucanus, who it feems 
was the firit author of it. 

The Cartefians admit only three Elements, fire, air, 
and earth, See Carrrsian Philofophy. q 

Newton obferves, that it feems probable that God, 
in the beginning, formed matter in folid, maffive, hard, 
impenetrable, moveable particles, of fach fizes and fi- 
gures, &c, as moft conduced to the end for which he 
formed them ; and that thefe primitive particles, being 
folids, are incomparably harder than any porous body 
compounded of them; even fo hard as never to wear 
out 3 no ordinary power being able to divide what God 
made one in the firlt creation. While the particles re- 
main entire, they may compofe bodies of one and the 
fame nature and texture in all ages; but fhould they 
‘wear away, or break in pieces, the nature of things, 
depending on them, would be changed; water and 
earth, compofed of old worn particles, and fragments 
-of particles, would not be of the fame natyre and tex- 
ture now, with water and earth compofed of entire par- 
ticles in the beginning. And therefore, that things 
may be lafting, the changes of corporeal things are to 
be placed only in the various feparations, and new af- 
fociations and motions of thofe permanent particles 5 
compound bodies being apt to break, not in the midft 
of folid particles, but. where thofe particles are laid to- 

‘gether, and only touch in a few points. It feems to 
Fim likewife, that thefe particles have not only a vis 
inertize, with the paffive laws of motion thence refulting, 
but are alfo moved by certain active principles ; fuch 
as gravity, and the caufe of fermentation, and the co- 
hefion of bodies. 

Evemenrs, a term alfo ufed for the fir grounds 
and principles of arts and {ciences ; as the Elements of 
geometry, Elements of mathematics, &c. So Euclid’s 
Elements, or fimply the Elements, as they were an- 
ciently and peculiarly named, denotes the treatifé on the 
chief properties of geometrical figures by that author. 

The Evements of Mathematics have been delivered 
by feveral authors in their courfes, fyftems, &c. The 
firft work of this kind is that of Herigon, in Latin and 
French, and publifhed in 1664, in 10 tomes; which 
«contains Euclid’s Elements and Data, Apollonius, 
Theodofius, &c ; with the modern Elements of avith- 
metic, algebra, trigonometry, archite@ture, geography, 
navigation, optics, {pherics, aftronomy, mutic, perfpec- 
tive, &c. The work is remarkable for this, that a kind 
of real and univerfal charaéters are ufed throughout ;- 
fo that the demomftrations may be underftood by fuch 
as only remember the characters, without any depen- 
-dence on language or words at all. . 

Since Herigon, the Elements of the feveral parts of 
‘mathematics have been alfo delivered by others 5 parti- 
ceularly the Jefuit Schottus, in his Curfus Mathemati-. 
-eus, in 16743 De Chales, in his Curfus, 16745 Sir 


Jonas Moore, in bis New Syftem of Mathematics, in 
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1681; Ozanam, ‘in his Cours de Mathenfatigite, in 
1699 ; Jonesy in his Synopfis Palmariorym Mathefeos, 
in 1706; and many others, but above all, Chrift. 
Wolfius, or Wolf, in his Elementa Mathefeos Univer- 
fe, in 2 vols 4to, the rit publifhed in 1713, and. the 
2d in 17153 a very excellent work of the kind. -An- 
other edition of the work was publithed at Geneva, in 
5 vols zto, of the feveral dates 1732, 1733) 1735s 
1938, and 1741. 

The Erzments of Euclid, as they were the firit, fo 
they continue ftill the bet fytem of geometry, are in 
15 books. There have been numerous editions and” 
commentaries of this work. -Proclus wrote a coms 
mentary on it. Orontius Fineus firft gave a printed 
edition of the firft 6 books, in 1530, with notes, to ex- 
plain Euclid’s fenfe. Peletarius did the fame in 1557+ 
Nic. Tartaglia, about the fame time, made a coimmmcut 
on all the 15 books, with the addition of many things 
of his own. And the fame was alfo done by Billingfley 
in 15703 and by Fluffares Candalla, a noble French+ 
man, in the year 1578, with confiderable additions as 
to the comparifon and infcriptions of folid bodies ; 


* which work was afterwards republifhed with a prolix 


commentary, by Clavius. Commandine gave alfo 4 
good edition of it. In 1703, Dr. Gregory publithed 
an edition of the whole works of Euclid, in Greek and 
Latin, incladiag his Elements. But it would be end- 
lefs to relate all the other editions of thefe Elemente, 
either the whole, or in part, that have been given 5 
fome of the beft of which are thofe of De Chales, ‘Tac 
quet, Ozanam, Whifton, Stone, and moft efpecially 
that of Dr. Rob. Simfon, of Glafgow. 

Other writers on the Elements of Geometry are al- 
moft out of number, in all nations, : : 

Ecements, in the Higher or Sublime Geometry, 
are the infinitely fmall parts, or differentials, of a right 
line, curve, furface, or dvlid. 

Evemenrs, in Aftronoiny, are thole principles de« 
duced from aftronomical obfervations and calculations, 
and thofe fundamental numbers, which are employed 
in the conitruétion of tables of the planetary motions, 
Thus, the Elements of the theory of the fun, or rether 
of the earth, are his mean motion and eccentricity, with 
the motion of the aphelia. And the Elements of the 
theory of the moon, are her mean motion, that of the 
node and apogee, the eccentricity, the inclination of 
her orbit to the plane of the ecliptic; &c. 
aoe the height or altitude of any 
thing, 

Teavarion, in Archite@ture, denotes a draught or 


_ defcription of the principal face or fide of a building ; 


called alfo its upright or orthography. 
Exevarton, in Aftronomy and Geography, is va- 
rious; as Elevation of the equator, of the pole, of 4 


far, &e. 


Exevation of the Equator, is the height of the 
‘equator above the horizon ; or an arc of the ‘meridian 
intercepted between the equator and the horizon of the 
place.—The Elevation of the equator and-of the pole 
together always make up a quadrant; the. one being. 
the complement of the other. Therefore, the Eleva- 
tion of the pole being found, and -fubtra&ted from go°, 
leaves the elevation of the equators 

Evevation of te Pole, is itg height above the 

3i horizcn, 
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horizon} or an arc of the meridian comprehended be- © 


tween the equator and the horizon of the place. 

The elevation of the pole is always equal to the lati- 
tude of the place ; that is, the arc of the meridian in- 
tercepted between the pole and the horizon, is every 
where equal to the arc of the fame meridian intercepted 
between the equator and the zenith. Thus the north 


pole is elevated 51° 31’ above the horizon of London; _ 


and the diftance, or number of degrees, is the fame be- 
tween London and the equator 5 fo. that London is 
alfo in 51° 31/ of north latitude. « 

Exevation of a Star, or of any other point in the: 
fphere, is the angular height above the horizon ; or an: 
arc of the vertical circle intercepted between the ftar 
and the horizon. The meridian altitude of any fuck. 
Points or its altitude when in the meridian, is the greatett 
of all. 

Evevation: of a Cannon, or Mortar, is the angle 
which the bore or the axis of the piece makes with the 
horizontal plane. : 

Angle of Evzvation, is the angle which any line of 
direGion makes above a horizontal. line.” 

Exevation is alfo ufed by fome writers.on Perfpec- 
tive, for the {cenography, or perfpective reprefentation 
of the whole body or building. 

ELLIPSE, or Extirsis, is one of the conic fec- 
tions, popularly called an oval; being called an Ellipfe 
or Ellipfis by Apollonius, the firft and principal author 
on the conic fections, becaufe in this. figure the fquares 
of the ordinates are /e/t than, or defective of, the re&- 
angles under the parameters and abiciffes. 

This figure is differently defined by different au- 
thors ; cither from fome of its properties, or from me- 
chanical, conftruction, 
which is the beft and moft natural way. 


or from the fection of a cone; 


Thus ; 


Fig. 2.. 


Fig. 1. 





1. An Ellipfe is a plane figure made by cutting a 
cone by a plane obliquely through the oppofite fides of 
it ; or fo as that the plane makes a lefs angle-with the 
‘a than-the fide of the cone makes with it; as ABD. 

ig. 

‘The line AB conne@ing the uppermoft and Joweft 
points of the feGtion, is the tran verfe axis; the mid- 
dle of it C, is the centre; and the perpendicular to 
it DCE, through the centre, is the conjugate axis. 
‘The parameter, or latus reGtum, is a 3d proportional'to 
the tranfverfg and conjugate axes-; and the foci are 
two points in the tranfverfe axis, at fuch equal diftances 
‘from the centre, that the double ordinates paffin; 
through thofe points, and perpendicular to the a 
verfe, are equal to the parameter. j 

2. The Ellipfe is alfo varioufly defcribed from fome 
ef its properties, As Arlt, That it is a gure of fuch a 
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nature that if two lines be drawn from two certain. 
points C and D in the axis, fig. 2, to any point E in 
the circumference, the fum of -thofe twe lines CE and 
DE will be every where equal to the fame conftant 
quantity, viz, the axis AB, Or, fecondly, that it is 


Fig.3. Fig. 4.. 
i X, 





& 


a figure of fuch a nature, that the rectangle AG x GB‘ 
(fig. 3) of the abfciffes, tending contrary ways, is to. 
GH? the {quate of the ordinate, as AB? to IK”, the 

fquare of the tranfverfe axis to the fquare of the conju- 

gate, or, which is the fame thing, as the tranfverfe 

axis ig to the parameter, And fo of other properties.. 

3. Or the Ellipfe is alfo varioufly. deferibed from its 

mechianical conttruétions, which alfo depend, on fome 

of its chief properties. Thus; 1, If in the axis AB,. 
there be taken any point I (fig..4); and if with the 

radii AI, BI, and centres F .and /, the two foci, arcs. 
be deferibed, thefe arcs will interfe&t in certain points 

E, E, ¢, e, which will be in the curve or circumference 

of the figure: and thus feveral points I being taken in. 
the axis AB, as many more points E, e, &c, will be 
found; then. the curve line drawn throngh all thefe 
points E, ¢, will be an Ellipfe. Or, thus ; if. there be 
taken a-thread of the exa& length of the tranfverfe 
axis AB, and the ends of the thread be fixed by pins 
in the two foci F and f; (fig. 5) then moving a pen 
or pencil within the thread, fo as to keep it et 
ftretched out, it will! deferibe the curve called an El. 
lipfe. 





To Conftru@ an Etuivse. There are many other 
ways of defcribing or conftruting an Ellipfe, befides 
thofe juft now given: as 

rft. If upon the given tranfverfe axis there be de- 
feribed.a circle AGB (fig. 6}; to which draw any ordi- 
nate DG, and DE. a 4th proportional to the tranfverfe, 
the conjugate, and the ordinate DG; then Eisa point in 
the curve. Or if the circle agd be defcribed on the con- 


jugate axis ab, to which any ordinate dg is drawn, in 


which taking dE in like manner a.4th proportional to 
the conjugate, the tranfverfe, and ordinate dy, then 
: fhall 
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fhall E bein the curve. Or, having defcribed the two 
circles, and drawn the common radius CgG cutting 
them in G and g3 then dgE drawn parallel to the’ 
tranfverfe, and DGE parallel to the conjugate, the in- 
terfeGtion E of thefe two lines will be in the curve of 
the ellipfe. Arnd thus feveral points E being found, the 
one may be drawn through them all with a fteady 
and. 


Fig. 7. Fig. 8 





2. If there be provided three rulers, of which the 
two GH and FI (hg. 7) are of the length of the tranf- 
verfe axis LK, and the third FG equal to HI the dif- 
tance between the foci ; then connecting thefe rulers fo 
as to be moveable about the foci H and I, and about the 
points F and G, their interfection E will always be in 
the curve of the ellipfe; fo that by moving the rulers 
about the joints, with a pencil pafled through the flits 
made in them, it will trace out the Ellipfe. 


Fig. 9 Fig. 10. 





3. If one end A of any two equal rulers AB, DB, 
{fig. 9 and 10) which are moveable about the point 
B, like a carpenter’s joint-rule, be faftened to the ruler 
LK, fo as to be moveable about the point A ; and if 
the end D of the ruler DB be drawn along the fide of 
the ruler LK; then any point E, taken in the fide of 
the ruler DB, will defcribe an ellipfe, whofe centre is 
A, conjugate axis = 2DE, and tranfverfe = 
2AB+2BE. 

Another method of defeription is by the Elliptical 
Compafs. See that article, below. 

Some of the more Remarkable Properties of the Ellipfe. 
wt. The re€tangles under the abfciffes are propor- 
tional to the {quares of their ordinates ; or as the {quare 
of any axis, or any diamcter,.is to the fquare of its con- 
jugate, fo is the reGangle under two abfcifles of the 
former, to the {quare of their ordinate parallel to the 


latter; or again, as any diameter is to its parameter, © 


To is the faid reCtangle under two abfciffes of that di- 
ameter, tu the fquare of their-ordinate. So that if d be 
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» s, . s, q ot 
any diameter, ¢ its conjugate, f its parameler = —, 


“xe the ene abfcifs, d—x the other, aud y the ordinate s 


then, 

as dt chix. d—K: 9, or d’yt ctx d—xs 
orasd :p ::x.d—x ty, or dy? =px .d—x. 
From either of which equations, called the equation 
of the curve, any one of the quantities may be found, 
when the other three are given. 

2. The fum of two lines drawn from the foci to meet 
in any point of the curve, is always equal to the tranf- 
verfe axis; that is, CE + DE = AB, in the 2d fig. 
Confequently the line CG drawn from the focus to the 
end of the conjugate axis, is equal to AI the femi- 
tran{verfe. 





Fig. tn 
D € 





3. If from any point of the curve, there be an ordi- 
nate to either axis, and alfo a tangent meeting the axié 
produced ; then half that axis will be a mean propor 
tional between the diftances from the centre to the two 
points of interfeétion ; viz, CA a mean proportional 
between CD and'CT. And confequently all the tan. 
gents TE, TE, meet in the fame point of the axis 
produced, which are drawn from the extremities E, £, 
of the common ordinates DE, DE, of all Ellipfes des. 
{cribed on the-fame axis AB. : 

4. Two lines drawn from the foci to any point of 
the curve, make equal angles with the tangent at that 
point: that is, the 4 FET = 2/fEs. 

5. All the parallelograins are equal to each other, 
that are circumfcribed about an Ellipfis; and every 
fuch parallelogram.is equal to the rectangle of the two 
axes. 

6. The fum of the {quares of every pair of conju- 
gate diameters, is equal to the fame conftant quantity, 
viz, the fum of the {quares of the two axes. 

9. If a circle be defcribed upon either axis, and from 
any point in that axis an ordinate be drawn both to the 
circle and ellipfis; then fhall the ordinate of the circle 
be to the ordinate of the Ellipfe, as that axis is to the 
other axis: viz, = 

AB: a :: DG: DE, 
and ab : AB:: dg : dE. (in the 6th fig.) ; 
And in the fame proportion is the area of the circle to 
the area of the Ellipfe, or any corref{ponding fegments 
ADG, ADE. Alfo the area of the Ellipfe is a mean 
proportional between the areas of the infcribed and 
circumfcribed circles, Hence therefore, . 

8. To find the Area of an Elfipfe. Multiply the two 
Gy together, and that product by +7854, for the area. 

ir 

9. To fiud the Area of any Segment ADE. 

312 : 


Find the 
arc 
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area: of thé correfponding fegment ADG of a ciscle on 
the fame diameter AB; then fay, as the axis AB: 
Hs conj. ab :: circ. feg. ADG : eltiptic feg. ADE. 

10, To find the length of the whole circumference of 
the Ellipf. Multiply the circumference of the circum- 
feribing citcle by the fam of the feries 

d 3d? 3753 gtstydt & 
bid ~ Bite 2542628 : 
for the area: where d is the difference between an 
unit and the fquare of the lefs axis divided by the fquare 
of the greater. 

Or, for a near approximation, take the circumference 
of the circle. whofe diameter is an arithmetical mean 
hetween the two axes, or half their fum: that is, 

the 

2 
about the 200th part too little ; where ¢ denotes the 
tranfverfe, and c the conjugate axis. 

Or, again, take the circumference of the cirele, the 
{quare of whofe diameter is half the fum of, or an 
arithmetical mean between the fquares of the two axes: 

24. (2 
that is, vt + 
being about the zooth part too great. 

Hence combining thefe two approximate rules to- 
gether, the periphery of the Ellipfe will be very nearly 
equal to half their fum, or equal to 

. a 2 
S146 x (ce + vt a2 ). within about the 

2 2 2 a 


Cy 





x 3°%416 = the perimeter nearly; being 





X 3°1416 = the perimeter nearly ; 





3ocooth part of the truth. 


For the ante of any particular are, and many other 
parts about the Ellipfe, fee my Menfuration, pa. 283, 
&c, 2d edit. See alfo my Conic Se€tions, for many 
other properties of the Ellipfe, efpecially fuch as are 
common to the hyperbola alfo, or to. the conic fetions 
in general. 

_Anfinite Evuirses, See Exiiproipe. 

ELLIPSOID, is an elliptical {fpheroid, being the 
folid generated by the revolution of an ellipfe about 
either axis. See Srueroip. 

ELLIPTIC or Exvcirricat, fomething relating to 
an ellipfe. * 

Exuiipric Compaffes, or Evrirticar Compas, is an 
inftrument for defertbing ellipfes at ene revolution of 

- the index. It confitts of a crofs ABGH (fig. 8.) 
with grooves in jt, and an index CE, fiiding in dove- 
tail grooves; by which motion the end E defcribes the 
curve of an cllipfe. % 

Exvuipricar. Conoid, is fometimes ufed for the, 
fpheroid. 

Extipticat Dial, an inftrument ufually made of 
byafs, with a joint to fold together, and the gnomon to 
fall flat, for the convenience of the pocket. By this. 
inftrument are found the meridian, the hour of the day, 
the rifing and fetting of the fun, &c. : 


Exiprotne, an infinite or indefinite Ellipfis, defined 


by the indefinite equation ay™ Ha hg — x? when 
vm orn are greater than 1: for when they are each = 1,- 
it denotes the common ellipfe. 
‘Vhere are feveral kinds or degrees of Effiptoides, 
dcuominated from the exponent m + a of the ordinate y. 
1 
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As the cubical Elliptoide, expreffed by ay? =. 


bx®.a—x; the biquadratic; or furfolid ay* = bx*. ax? 5 
&e. * ; . 

ELONGATION, in Aftronomy, the diftance of a- 
planet from the fun, with refpeG to the earth; or the 
angle formed by two lines drawn from the earth, the 
one to the fun, and the other to the planet ; or the arc 
meafuring that angle: Or it is the difference between 
the fun’s place and the geocentric place of the planet. 

The Greateft Elongation, is the greateit diftance to. 
which the planets recede from the fun, on either fide. 
This is chiefly confidered in the inferior planets, Venus 
and Mercury ; the Greateft Elongation of Venus being 
about 48 degrees, and of Mercury only about 28 de- 
grees; which is the reafon that this planet is fo rarely 
feen, being ufually loft in the light of the fun, 

EMBER-Days, are certain days obferved by the 
church at four different feafons of the year; viz, the 
Wednefday, Friday, and Saturday next after Quadra- 

efima Sunday, or the sft Sunday in Lent y after Whit- 
Fanday 3 after Holyrood, or Holycrofs, the 14th day 
of September ; and after St. Lucy, the 13th day of De- 
cember. Tjhe name, it feems, is derived from Embers, 
or athes, which it is fuppofed were flrewed on the head, 
on. thefe folemn fatts. 

Emper-Weeks, are thofe weeks in which the Ember- 
days fall. Thefe Ember-weeks are now chiefly no- 
ticed on account of the ordination of priefts and dea+ 
cons; becaufe the canon appoints the Sundays next 
after the Ember-weeks for the folemn times of ordi- 
nation; though the bifhops, if they pleafe, may ordain. 
on any Sunday or holiday. 

EMBOLIMEAN, and Emzotismic, Jntercalaryy, 
is chiefly ufed in fpeaking of the additional months in- 
ferted by chronologifts to form the lunar cycle of 19 

eats. 

: The 1g folar years confifting of 6939 days and 18 
hours, and the 19 lunar years only making 6726 days,. 
it was found neceffary to intercalate or infert 7 lunar 
months, containing 209 days; which, with the 4 bif- 
fextile days happening in the lunar cycle, make 213 
days, and the whole 6939 days, the fame as the 19 folar. 
years, which make the hunar cycle. 

In the courfe of 19 years there are 228 common 
moons, and 7 Embolifmic moons, which are diflributed 
in this manner, viz, the 3d, 6th, oth, 11th, rgth, 17th, 
and 19th years, are Embolifmic, and fo contain 384 
days each. And this was the method of computing 
time among the Greeks: though they did not keep- 
regularly to it, as it feems.the Jews did. And the me- 
thod of the Greeks was followed by the Romans till 
the time of Julius Czfar. 

The Embolifmic months, like other lunar months,. 
are fometimes of 30 days, and‘ fometimes only 2g 
days. 

The Embolifmic Epads are thofe between 1g and 29 5. 
which are fo called, becaufe, with the addition of the 
epa&t 11, they exceed the number 30: or rather, bee 
caufe the years which have thefe epaéts, are -mbolif~ 
mic ; having 13 moons each, the 13th being the Em- 
bolifmic. : 

EMBOLISMUS, in Chronology, fignifies interca- 
lation. As the Greeks ufed the lunar year, which con- 
tains only 354 days, that they might bring it ih 
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folar year, Of 365 days, they had an Embolifm every 
two or three years, when they added a 13th lunar 
month, 

EMBOLUS, the moveable part of a pump or fy- 
tinge ; called alfo the pilton, and popularly the fucker. 
‘The pipe or barrel of a fyringe, &c, being clofe fhut, 
the embolus cannot be drawn up without a very confi- 
derable force; which force being withdrawn, the em- 
bolus returns again with violence ; owing to the greater 
preffure of air above than below it. 

EMBRASURE, in ArchiteCture, an enlargement 
of the aperture or opening of a door, or window, 
within fide the wall, floping back inwards, to give the 
greater play for the opening of the door, cafement, &c, 
or to take in the more light. 

LEmarasures, in Fortification, are the apertures or 
holes through which the cannon are pointed, whether 
in cafemates, batteries, or in the parapets of walls. In 
the navy, thefe are called port-holes. ‘The Embrafures 
are placed t2 or 15 fect apart from each other; being 
made floping or opening outwards, from 6 to g feet 
wide on the outfide of the wall, and from 2 to 3 with- 
in, to allow the gun to traverfe from fide to fide. Their 
bafe is about 24 or 3 feet above the platform on the in- 

. fide of the wall, but loping down outwards, fo as to be 
only about 14 above it on fhe outfide; in order that 
the muzzle on occafion may be depreffed, and’fo the 

un fhoot low, or downwards. 

EMERGENT Year, in Chronology, is the epoch, 
‘er date, from whence any people begin to compute 
their time or dates. So, our Emergent year is fome- 
‘times the year of the creation, but more ufually the 

ear of the birth of Chrift. The Jews ufed that of the 
Shi or the Exodus, &c. The Emergent year of 
the 
while that of the Romans was the date of the building 
of their city. 

EMERSION, in Aftronomy, is the re-appearance 
of the fun, moon, or other planct, after having been 
eclipfed, or hid by the interpofition of the moon, earth, 
or other body. 

The Emerfions and immerfions of Jupiter’s firft fatel- 
ite, are particularly ufeful for finding the longitudes 
of places ; the immerfions being obferved from Jupi- 
ter’s conjunGion with the fun, till his oppofition ; and 
the Emerfions from the oppofition till the conjun€tion, 
But within 15 days of the conjunétion, both before and 
after it, they cannot be ebferved, becaufe the planet 
and his fatellites are then joft in the fun’s light. 

Emersion is alfo ufed when a ftar, after being hid 
by the fun, begins to re-appear, and to get ont af his 
rays. 

Minutes or Scruples of Femersion, an are of the 
moon’s orbit, which her centre paifes over, from the 
time fhe begins to emerge out of the earth’s thadow, to 
the end of the eclipfe. 

Emersion, in Phyfics, the rifing of any folid above 
the furface of a fluid that is fpectiically heavier than 
the folid, into which it had been violently immerged, 
or pufhed. . 

It is one of the known laws of hydroftatics, that. 
a lighter folid, being forced down into a heavier fluid, 
immediately endeavours to emerge; and that with a 
force equal to the excefs of the weight of a quantity of 
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reeks, was the beginning of the Olympic games ;* 
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the fluid above that of an equal bulk. of the folid. 
Thus, if the body b¢ immerged in a fluid of double 
its fpecific gravity, it will emerge again till half its 
bulk be above the furface of the fluid. 

“EMERSON (Witiam), a late eminent mathema- 
tician, was born in June 1701, at Hurworth, a village 
about three miles fouth of Darlington, on the borders 
of the county of Durham ; at leait it is certain that he 
refided here from his childhood. His father Dudley 
Emerfon taught a fchool, and was a tolerable profi- 
cient in the mathematics ; and without his books and 
inftru€tions, perhaps his fon’s genius, though eminent- 
ly fitted for mathematical fludies, might never have 
been unfolded. Befide his father’s inftru@ions, our 
author was affifted in the learned languages by a young 
clergyman, then curate of Hurworth, who was boarded 
at his father’s houfe. In the early part of his life he 
attempted to teach a few fcholars: but whether from 
his concife method (for he was not happy in explain- 
ing his ideas), or the warmth of his natural temper, 
he made no progrefs in his {chool ; he therefore foon 
left it off; and fatisticd with a moderate competence 
left him by his parents, he devoted himfelf to a fludi- 
ous retirement, which he thus clofely purfued, in the 
fame place, through the courfe of a long life, being 
moftly very healthy, till towards the latter part of his 
days, when he was much afflif&ted with the fone. To- 
ward the clofe of the year 1781, being fentible-of his 
approaching diffolution, he difpofed of the whole 6f his 
mathematical library to a bookfeller at York ; and on 
May the 2oth, 1782, his lingering and painful diforder 
put an end to his/ife at his native village, being near 8+. 
years of age. 

Mr. Emerfon, in his perfon, was rather fhort, but 
ftrong and well made, with an open countenance and 
ruddy complexion, being of a healthy and hardy dif- 
pofition. He was very singular in his behaviour, 
drefs, and converfation. His manner and appearance 
were that of a rude and rather boorith country man 3 
he was of very plain converfation, and indeed feeming- 
ly rude, commonly mixing oaths in’ his fentences,: 
though without any ill intention. He had flrong good 
natural mental parts, and could difcaurfe fenfibly on 
any fubject, but was always pofitive and impatient of 
any contradiction, e {pent his whole life in clofe 
ftudy, and writing books, from the profits of which, 
he redeemed his little patrimony from fome original in- 
Tn his is he was as fngular ds in every 
{ commonly bat one fuit of 
clothes at a time, and thofe very old in their ap- 
pearance. He feldom ufcd a waiftcoat 3 and his coat 
he wore open before, except the lower button; and 
his fhirt quixe the rev cf one in:commion ule, the 
hind-fide turned foremoit, to cover his breaft, aud but- 
toned clof at the cellar behind. He wore a hind of 
rufty coloured wig, without a crooked hair in it, which 
probably bad never been tortured with a comb from the 
time of tts being made. A hat he would make to laft 
him the beft part of a life time; gradually leffening: 
the flaps, bit by bit, as it lof its sclalticity and hung 
down, till Htrle or nothing but the crown remained, 

He often walked up to London when he had any 
book to be publithed, revifing sheet by fheet himfelf:—- 
trulling no eye but his own was. always a favourite 
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maxim with him. 
tried the propofitions practically, making all the differ- 
ent parts himfelf on a {mall fcale ; fo that his houfe 
_was filled with all kinds of mechanical inftruments, to- 
gether or disjointed. He would frequently ftland up to 
his middle in water while fifhing ; a diverfion he was 
remarkably fond of. He ufed to ftudy inceffantly for 
fome time, and then for relaxation take a ramble to any 
pot-alehoufe where he could get any body to drink 
with and talk to. The late Mr. Montagu was very 
kind to Mr. Emerfon, and cften vifited him, being 
pleafed with his converfation, and ufed often to come 
to him in the ficlds where he was working, and accom- 
paay him home, but could never perfuade him to get 
jato a carriage: on thefe occafions he would fometimes 
exclaim, “ Damn your whim-wham! I had rather 
walk.” He was a married man,.and his wife ufed to 
{pin on an old-fafhioned wheel, of -his own making, a 
drawing of which is given in his Mechanics. 

Mr. Emerfon, from his {trong vigorous mind and 
elofe application, had acquired a deep knowledge of 
all the branches of mathematics and phyfics, upon all 
.parts of which he wrote good treatifes, though in a 
rough and unpolifhed ftyle and manner. ‘He was not 
remarkable however for genius or difcoveries of his 
vown, as his works thew hardly any traces of original 
invention. He was well fkilled in the {cience of mulic, 
.the theory of founds, and the various fcales both an- 
.cient and madern ; but he was a very poor performer, 
sect he could make and repair fome inftruments, 
-and fometimes went about the-country tuning harpfi- 
‘chords, 

The following is a lit of Mr. Emerfon’s works ; 
vall of them printed in 8vo, excepting ‘his Mechanics 
-and his Increments in 4to, and his Navigation in Lzmo. 
1. The Doétrine of Fluxions,—z. The Frojection of the 
Sphere, orthographic, ftereographic, and gnomonical, 
3. The Elements of Trigonometry.—4. ‘The Prin- 
ciples of Mechanics.—5. A Treatife of Navigation on 
the Sea—6, A Treatife on Arithmetic.—7. A Trea- 
tife on Geometry.—8. A Treatife of Algebra, in 2 
books.—g. The Method of Increments.—10. Arith- 
metic of Infinites, and the Conic Sections, with other 
Curve Lines.—11. Elements of Optics and Perfpec- 
tive-—rz. Aftronomy.—13. Mechanics, with Centri- 
_petal and Centrifugal Forces.—14. Mathematical Prin- 
ciples of Geography, Navigation, and Dialling.—15. 
“Commentary on the Principia, with the Defence of 
Newton.—16. Traéts.—17. Mifcellanies. 

Eminentian Equation, a term ufed by fome alge- 
braifts, in the inveltigation of the areas of curvilineal 
figures, for a kind of afumed equation that contains 
another equation Emiuently, the latter being a parti- 
cular cafe of the former. Hayes’s Flux. pa. 97. 

ENCEMNTE, a French term, in Fortification, fig- 
nifying the whole inclofure, chcumference, or compals 
-of a fortiited place, whether built with ftone or brick, 
cor only reade of earth, and whether with or without 
baftions, ke.” , 

ENCYCLOPEDIA, che circle or chain of arts 
and {ciences ; fometimes allo writtea Cyclopedia. 

ENDECAGON, « plane geometrical figure of 
eleven fides and angles, otherwife called Undeeagon. If 


cach fide of this iigure be 1, its area will be 9°3656399 
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Yn nfechanical fubje@ts, he always ~ 
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= 'Y of the tang. of 737% degrees, to the radius ‘t. 
See my Menfuration, pa. 114, &c,2d edit. ~ See alfo 
Recurar Figure. 

ENFILADE, a French term, applied to thofe 
trenches, and other lines, that are ranged in a right 
line, and fo may be fcoured er fwept by the cannon 
lengthways, or in the direction of the line. : 

To Enrivane, is to fweep lengthways by the firing 
of cannon, &e. 

A Battery @Ewrivave, is that where the cannon 
fweep a right line. 

A Poff, or Command &Entivane, is a height from 
whence a whole line may be fwept at once. 

ENGINE, in Mechanics, a compound machine, con- 
fitting of {everal fimple ones, as wheels, {crews, levers, 
or the like, combined together, in order to lift, caft, 
or fultain a weight, or produce fome other confiderable 
effeét, fo as to fave either force or time. 

There are numberlefs kinds of engines; of which 
fome are for war, as the Balifta, Catapulta, Scorpio, 
Aries or Ram, &c; others for the arts of peace, at 
Mills, Cranes, Preffes, Clocks, Watches, &c, &c. 

ENGINEER, or Incrinezr, is applied to a con- 
triver or maker of any kind of ufeful engines or ma- 
-chines ; or who is particularly {killed or employed ia 
them. Aad he is denominated either a civil or mili- 
-tary Engineer, according as the objeéts of his profeffior 
refpeét civil or military purpofes. : 

A military Engineer fhould be an expert mathema- 
tician and draught{man, and particularly verfed in for- 
tification and gunnery, being the perfon officially em- 
ployed to direct the operations both for attacking and 
defending works. When at a fiege the Engineers have 
marrowly furveyed the place, they are to make their 
report to the general, or commander, by acquainting 
him which part they judge the weakeft, and where ap- 
proaches may be made with moft fuccefs. It is their 
bufinefs alfo to draw the lines of circumvallation and 
contravallation ; alfo to mark out the trenches, places 
of arms, batteries, and lodgments, and in general to 
dire& the workmen in all fuch operations. 

ENGONASIS, in Aftronomy, the fame as Hercu- 
les, one of the northern conttellations ; which fee. 

ENGYSCOPE, the fame as Microscors. 

ENHARMONIC, the laf of thé three kinds of 
mufic. It abounds in diefes, or the leait fenfible di- 
vilions ofa tone. See Philof. Tranf. number 481 ; alfo 
Wallis Appendix ad Ptulom. pa. 165, 166. 

ENNEADECATERIS, in Chronology, a cycle or 
period of 19 folar years, being the fame as the Golden 
Number and Lunar Cycle, or Cycle of the Moon; 
which fee; as allo Emuorismic. 

ENNEAGON, a plane geometrical figure of 9 fides 
and angles; and is otherwife called a Nonagon, If 
each fide of this figure be 1, its area will be 61818242 
= £ of the tang. of 70 degrees, to the radius 1, See 
my Menfuration, pa. 114, 2d edit. See alfo the article 
Recurar Figure. 

ENTABLATURE, in Architedturey is that part 
of an order of column which is over the capital, com- 
prehending the Architrave, Frize, and Corniche, 

Enragcaturse, or Enranuement, is fometimes 
alfo ufed for the lait row of flones on the top of the 
wall of a building, on which the simber and cover- 
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jog reft; fometimes alfo called the Drip, becaufe it 
rojects a little, to throw the water off. 

FKNVELOPE, in Fortification, is a mound of earth, 
fometimes taifed in the ditch of a place, aud fometimes 
beyond it, being either in form of a fingle parapet, or 
of a fmall parapet bordered with a parapet. Thefe 
Envelopes are made only to cover weak parts with 
fingle Imes, without advancing towards the field, which 
cannot be done without works that require a great 
deal of room, fuch as horn-works, halfmoons, &c. 
Envelopes are fometimes called Sillons, Contregards, 
Conferves, Lunettes, &e. 

ENUMERATION, a numbering or counting. 
Sir Haac Newton wrote an ingenious treatife, being an 
Enumeration of the lines of the 3d order. 

EOLIPILE. See Hoxteive. 

EPACT, in Chronology, the excefs of the folar 
month above the lunar fynodical’ month ; or of the fo- 
Jar year above the lunar year of 12 fynodical months 3 
or of feveral folar months above as many fynodical 
months ; or of {everal folar yews above as many dozen 
of fynodical months. 

The Epaéts then are either Annual or Menftrual. 

Menflrual Evacrs, are the exccfles of the civil ca- 

_ Tendar month above the lunar month. Suppofe, for 
example, it were new moon on the firft day of January : 
then fince the month of January contains 31 days, 
and the lunar month - 2g'? 12 44" 385 


the menftrual Epact is - r ott ty 57 
Annual Eracts, are the excefles of the folar year 


above tlie lunar. Hence, 

as tlie Julian folar year is 3657 6° o™ oo, 
cand the Julian hinar year, 35484838, 
the annual Epa will be 10 21 IL 22, 


that is, almoft 11 days. Confequently the Epact of 
z2-years, is 22 days; of 3 years, 33 days; or rathier 
3; fince 30 days make an embolilmic, or intercalary 
month, “Then, adding ftill 11, the Epaét’ of 4 years 
is 14 days; and fo of the reft as in the following table, 
where they do not become 30, or o again, till the 1gth 
year ; fo that at the zoth year the Epact is 11 again; 
and hence the cycle of Epacts expires with the Golden 
Number, or Lunar Cycle of 19 years, and begins with 
the fame again. 


pT 


Tasre of Julian Epads. 




















y= lleseacs = 

grt ema Galera, Set | ema 

in |} Vili} 28 XV. ots 
ii 2z ix XVI 26 
Tit 3 1X 20 | XVIT 8 
IV 1g || XI 1 } XVII 19 
Vv 2g |) XII f 12 | XIX 30 
Vi 6 j| XTIT} 23 or oO 
VIL }17 EXIVE 4 





Again, as the new moons are the fame, or fall on 
the fame day, every 19 years, fo the difference between 
the folar and lunar years is the fame every 19 years. 
And becaufe the faid difference is always to be added 
to the lunar year, to adjuft or make it equal to the folar 
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year; hence the faid difference refpectivel) belonging 
to each year of the maon’s cycle, is called the Epa of 
the faid year, that is, the number to be added to the 
faid year, to make it equal to the folar year, Upon 
this matual refpeét between the cycle of the moon and 
the cycle of the Epaéts, is founded this 


Rule for finding the Fulian Epad, belonging to any 
gear of the Moon's Cycle. 

Multiply the Golden Number, or the given year of 
the Moon’s Cycle, by 11, and the product will be the 
Epa if it be lefs than 303 but if it exceed 30, then 
throw out as many 30’s as the product contains, and 
the remainder will be the Epaét. 


Rule to find the Gregorian Epatt. 


if, The difference between the Julian and Grego- - 
rian years being equal to the difference between the 
folar and lunar year, or 11 days, therefore the Grego» 
rian Epa&t for any year is the fame with the Julian 
Epa@t for the preceding year; and hence the Grego- 
rian Epa@ will be found, by fubtraGting 1 from the 
golden number, multiplying the remainder by 11, and 
rejecting the 30’s. ‘This rule will ferve till the year 
1900; but after that year, the Gregorian Epaét will 
be found by this rule : Divide the centuries of the given 
year by 4; multiply the remainder by 17 5 then to this 
produ& add 43 times the quotient, and alfo the num- 
ber 86, and divide the whole fum by 25, referving the 
quien next multiply the golden number by 11, and _ 
rom the product fubtract the referved quoticnt, fo shall 
the remainder, after rejecting all the 30’s contained in 
it, be the Epaé& fought. 





























The following table contains the Golden Numbers, 
with their correlponding Epaéis, till the year 1900. 
Taare of Gregorian Epatts. 
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On the fubje& of Epacts, fze Wolfius’s Elementa 
Chronologix, apud Opera, tom. 4,° pa. 1335 
Pahilof. Pranf. vol. 46. pa. 417, or viumb. 495, art. 

EPAULE, or Es r, in Fortification, the 
fhoulder of the baflion, or the angle made by the face 
and flank, otherwife-called the Angle of the Epaule. 

EPAUL“ MENT, in Fortification, a fide-work 
haltily thrown up, to cover the cannon or the men; 
and is made cither of carth thrown up, or bags filled 
with earth or fand, or of gabions, or falcines, &c, with 
earth: of which latter {art are commonly the Fpaule- 
ments of the places of arms for the cavalry behind the 
trenches. 

ErauLement, is allo ufed for a demi-baftion, con- 
filling 


alfo 
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fitting of & face and flank, placed at the point of a 
hormwork or crown-work. Alfo fer a little flank” 
added to the-fides of horn-works, to defend them when 
they are tod long. . Alfo for the redoubts made ona 
right line, to fortify it. And laflly, for an orillon, or 
mafe of earth almoft fquare, faced and lined with a 
wall, and defigned to cover the cannon of a cafernate. 

EPHEMERIS,: Ernemnaines, tables calculated 
by aftronomers, fhewing the prefent flate of the hea- 
-vens for every day at noon; that is, the places in 
which all the planets are found at that time ifering 
but little from an Aitronomical Almanac. It is from 
fuch tables as thefe that the eclipfes, conjunétions, and 
afpeéts of the planets are made out ; as alfo horofcopes, 
vor celeftial fchemes, conitruéted, &c. 

There have been Ephemerides of Origan, Kepler, 
Argoli, Heckerus, Mezzarachis, Wing, Gadbury, 
Parker, De la Hire, &c. 7 

In Franco the Academy of Sciences have publithed 
annually, from the beginning of the prefent century, a 
kind of Ephemerts, under the title of Connoifence des 
Temps, which is iti!l continued, and isin great elteem ; 
vas are alfo the Ephemerides, publithed there every ten 
years, by M. Delplaces, and De Ja Lande. 

There are now publithed fuch Ephemerides by the 
“Academies of feveral other nations; but that which 
js jh moft efleem for its accuracy and ufe in finding 

-the longitude, is the Nautical Almanac, or Afttrono- 
mical Epbaneila; publifhe? in Englund by the Board 
of Longitude, under the dive€tion of the Rev. Dr. 
‘Malkelyne, Aftronomer Royal, which commenced with 
‘the year 1767. 

EPICHARMUS, an ancient poet and philofopher, 
horn in Sicily, was a {cholar of Pythagoras, and flou- 
crifhed in the time of Hiero, in whofe reign it is faid he 
‘introduced comedy at -Syracufe. He wrote alfo trea- 
-tifes concerning philofophy and medicine ; but none of 

_ his works have'been preferved. He died at go years of 
.age, according to Laertius, who has preferved four 
wverfes infcribed on his ftatue. * 

EPICURUS, acelebrated ancient philofopher, was 
‘born at Gargettium in Attica, inthe rogth Olympiad, 
or about 340 years before Chrift. He fettled at 
Athens in a fine garden he had bought 3 where he lived 
with his friends in much tranquillity, and educated a 
great number of difciples ; who lived all in common 
-aith their mafter. His fchool was never divided, but 
his doétrine was followed as an oracle; and the refpeét 
“which his followers pajd to his memory is admirable ; 
his birth .day being {till kept in Pliny’s time, and even 
the very month he was born in obferved as a conti- 
nued feftival, and his piture placed exery where. He 
wrote a great many books, and valued himfglf upon 
making ne quotations. He raifed the atomical fyftem 
to great ot aarp though he was not the inventor of 
it, but only made fome change'in that of Democritus. 
‘As to his doGrine concerning the fupreme good or hap- 
pinefs, it was very liable to be mifreprefented, and fome 
ill effe&ts proceeded from thence, which difcredited 
his fed, though undefervedly. | He was charged with 
perverting the worfhip of the gods, and inciting men 

: to debauchery. But he did not forget himfclf on this 
oceafion : he publifhed his opinions to the whole world ; 
wrote fome books of devotion ; recommended the ve- 
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eration of the gods, fobriety, and chattity, living in 


‘aa exemplary manner, and conformably to the rules of 
philofophical wifdom and frugality. He died of a fup- 
preffion of urine, at 72 years of age-—Gaffendas has 
given us all he could colle& from the ancients con- 
cerning the perfon and doétrine of this phitofopher. 

Epicurean Philofophy, the doétrine, or fyitem of 
philofophy maintained by Epicurus and his followers. 
This confitted of three parts ; canonical, phyfical, and 
ethical. The firit refpected the canons or rules of judy- 
ing ; in which foundnefs and fimplicity of fenfe, af- 
fitted by fome natural refleGtions, chiefly formed his 
art. His fearch after truth proceeded only by the 
fenfes; to the evidence of which he gave fo great a 
certainty, that he confidered them as an infallikJe rule 
of truth, and termed them the Firit. natural light of 
mankind, 

In the 2d part of his philofophy he laid down atoms, 
fpace, and gravity, as the firft principles of all things. 
He afferted the exiftence of God, whom he accounted 
a blevied immortal being, but who did not concern him- 
felf with human affairs. 

As to his ethtes, he made the fupreme good of man to 
confit in pleafure, and confequently fupreme ev il in 
pain, Nature itfelf, fays he, teaches usthis truth; and 
prompts us from our birth to procure whatever gives us 
pleafure, and avoid what gives us pain, To this end 
he propofes a remedy againft the fharpnefs of pain, 
which was to divert the mind from it, by turning our 
whole attention upon the pleafures we have formerly en- 
joyed. He hekl that the wife man muft be happy, as 
long as he is wife: the pain, not depriving him of his 
wifdom, cannot deprive him of his happinefs: from 
which it would feem that his pleafure confifted rather 
in intelle&tual than in fenfual enjoyments: though this 
is a point ftrongly contefted. 

EPICUREANS, the feé of philofophers holding 
or following the principles and doétrine of, Epicurus. 
As the nature of the pleafure, in whiclr the chief hap- 
pinefs is fuppofed to be feated, ‘is a great problem im 
the morals of Epicurus, there hence arife two kinds of 
Epicureans, the rigid and the remifs: the firft were 
thofe who underftood Epicurus’s notion of pleafure in 
the beft fenfe, and plated all their ‘ha: pinels'in the pure 
pleafures of the mind, arifing from ne practice of vir- 
tue: while the loofe or remifs Epicureans, taking the 
words of that philofopher in a grofs fenfe, placed all 
their happinefs in bodily. pleafures or debauchery. 

EPICYCLE, in the ancient aftronomy, alittle cir- 
cle haying its centre in the circumference ef a greater 
one: ora {mall ofb or {phere, which being fixed in the 
deferent of a-ptanet, is carried along with it, and yet, 
by its own peculiar motion, carries the planet faftened 
to it1ound its proper centre. 

It was by means of Epicycles that Ptolomy and his 
followers folyed the various phenomena of the pla- 
nets, but more efpecially their flations and retrograda- 
tions. 

EPICYCLOID, is a curve generated by the revo- 
ution of a point of the periphery of a circle, which 
rolls along or upon the circumference of another circle, 
either on the convex or concave fide of it. 3 

‘When acirele rolls along a ‘ftraight line, a point in 
its circumference deferibes the curve called a eycloid. 

4 But 


EPS 


But if, infkead of the right jine, the circle roll along” 
the circumference of another circle, ‘either equal to the 
former or not, then the. curve deferibed by any point 
in its circumference is what is called the Epicycloids 


If the generating circle roll 
along the convexity of the circum- 
ference, the curve is called an Up- 

er, or Exterior Epicycloid ; but 
if along the concavity, it is cafled 
a Lower, or Interior Epicycloid, 
Alfo the circle that revolves is 
called the Generant; and the arc 
of the other circle along which 
it revolves, is called the Bafe of 
the Epicycloid. , Thus, ABC or 
BLV is the Generant; DPVE the Exterior Epicy- 
cloid, its axis BV; DPUE the Interior Epicycloid ; 
and DBE their common Bafe. 


For the Length of the Curve. 


The length of any part of the curve of an Epicy- 
cloid, which any given point in the revolving circle has 
deferibed, from the pofition where it touched the cir- 
cle upon which it revolved, is to double the verfed fide 
of half the are which all the time of revolving touched 
the quiefcent circle, as the fum of the diameters of the 
civeles, 3a to the femidiameter of the quiefcent circle 
in the Exterior Cyeloid; or as the difference of the 
diameters is to that femidiameter, for the Interior 
one, 





For the Area of the Epicycloid. 

Dr. Halley has given a general propofition for the 
meafuring of all cycloids and Epicycloids: thus, the 
area of a cycloid, or Epicycloid, either primary, or 
contraéted, or prolate, is to the area of the generating 
circle ; and alfo the areas of the parts generated in 
thofe curves, to the areas of analogous fegments of the 
circle; asthe fum of double the velocity of the centre 
and the velocity of the circular motion, is to this velo- 
city of the circular motion. See the Demonitr. in the 
Philof. Tranf. number 218. 

Spherical Epicycioips are formed by a point of the 
revolving circle, when its pline makes a conttant angle 
with the plane of the circle on which it revolves. 
Meflrs. Bernoulli, Maupertuis, Nicole, and Clatraut, 

. have demonftrated feveral properties of thefe Epicy- 
cloids, in Hift. Acad. Sci. for 1732. 

Parabolic, Elliptic, &c. Ericycrois. 

Tf a parabola roll upon another equal to it ; its fo- 
cus will defcribe a right line perpendicular to the axis 
of the quiefcent parabola : alfo the vertex of the rolling 
parabola will deferibe the ciffoid of Diocles ; and any 
other point of it will defcribe fome one of Newton’s de- 
fe€tive hyperbolas, having a double point in the like 
point of the quiefcent parabola. 

In like manner, if an cilipfe revolve upon another 
ellipfe, equal and fimilar to it, its focus will deferibe a 
cifele, whofe centre is in the other focus, and confe- 
quently the radius is equal to the axis of the ellipfis ; 
and any other point in the plane of the ellipfe will de- 
{eribe a line of the 4th order. 
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The fame may be faid alfo of an hyperbofi, revolv. 
ing upon another, equaland fimilar to it 5 for one of the 


- foci will deferibe a circle, having its centre in the other 


Focus, and the radius will be the ptincipal axis of the 


- hyperbola ; and any other point of the hyperbola will 


defcribe a line of the 4th order, 
Casereenie rode lines, fee Newton’s Principia, lib. 
Hire’s Memoires de Mathematique &c, 
where he fhews the nature of this line, and its ufe in 
Mechanics ; fee alfo Maclaurin’s Geometria Orga- 
mica, . 

EPIPHANY, achriftian feftival, otherwife called the 
Manifeftation of Chrift to the Gentiles, obferved on 
the 6th of January, in honour of -the appearance of 
our Saviour to the three magi or ‘wife men, who came 
to adore him and bring him prefents, ‘ 

EPISTYLE, in the ancient Archite@ure, a term 
ufed by the Greeks for what we call Architrave, 
viz a maflive ftone, ora piece of wood, laid immediately 
over the capital of a column. on 

EPOCHA, or Erocu, aterm or fixed point of 
time, from whence the fucceeding years are numbered 
or reckoned. 

Different nations make ufe of different Epochs, 
The'chriftians chiefly ufe the Epoch of the nativity or 
incarnation of Jefus Chrift; the Mahometans, that of 
the Hegira; the Jews, that of the creation of the 
world, or that of the Deluge; the ancient Greeks, 
that of the Olympiads ; the Romans, that of the build- 
ing of their city; the ancient Perfians and Affyrians, 
that of Nabonaflar ; &c. 

The doétrine and ufe of Epochs is of very great ex- 
tent in chronology. To reduce’ the years of one 
Epoch to thofe of “another, i. &. to find what year of 
one correfponds to a given year of another; a period 
of year's has been invented, which, commencing before 
all the known Epochs, is, as it were, a common recep- 
tacle of them all, called the Julian Period. To this 
period all the Epochs are reduced; i.e. the year of 
this period when each Epoch commences, is determin« 
ed. Sothat, adding the given year of. one Epoch to 
the year of the period correfponding with its rife, and 
from the fum fubtraGting the year of the fame period 
correfponding to the other Epoch, the remainder is 
the year of that other Epoch. 

Erocu of Chri, is the common Epoch throughout 
Europe, commencing at the fuppofed time of our Sa- 
viour’s nativity, December 25 ; or rather, according 
to the ufual account, from his circumcifion, or the 1& 
of January. The author of this Epoch was an Ab- 
bot of Rome, one Dionyfius Exiguus, a Scythian, 
about the year $07 or 527. Dionyfius began his ac- 
count from the conception or incarnation, ufually call- 
ed the Annunciation, or Lady Day; which method 
obtained in the dominions of Great Britain till the 
year 1752, before which time the Dionyfian was the 
fame as the Englifh Epoch: but in that year the Gre« 
gorian calendar having been admitted by at of parlia- 
ment, they now reckon from the firlt of January, as 
in the other parts of Europe, except in the court of 
Rome, where the Epoch of the Incarnation Rill obtains 
for the date of their bulls. 
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ATABLE of the Years of the mift remarkable Epochs or Eras and Events. 


a 


NN. B. The years before Chrift, are thofe before the reputed year of his birth, 
and not reckoned back from the firft year of his age, as is generally done 


in fuch tables, 





The Creation of the World - 
The Deluge, or Noah’s flood - 


Affyrian monarchy founded by Nimrod 


The birth of Abraham 


Kingdom of Athens founded by Cecrops 


Entrance of the Ifraelites into Canaan 
The deftrudtion of Troy - 


Solomon’s temple founded - 
The Argonautic expedition = 
Lycurgus formed his laws - 


Arbaces, 1 king of the Medes 
Olympiads of the Greeks began 
Rome built, or Roman Era - 
Era of Nabonaffar - 


Firft Babylonith captivity, by Nebuchadnezzar - - 
The 2d ditto, and birth of Cyrus 

Solomon’s temple deftroyed - 

Cyrus began to reign in Babylon 

Peloponnefian war began - 

Alexander the great died -- 

Captivity of 100,000 Jews by Ptolomy 

Archimedes killed at Syracufe a 

Julius Ceefar invaded Britain S 

He correted the calendar - 


The true year of Chrift’s birth 


The Chriftian Era begins here. 


| Dionyfian, or vulgar era of Chrift’s birth 


Chrift crucified, Friday April 3d 
Jerufalem deftroyed - - 
‘Adrian’s wall built in Britain 
Dioclefian Epoch, or that of Martyrs 
The council of Nice - 
Conftantine the great died - 
The Saxons invited into Britain 
Hegira, or flight of Mohammed 
Death of Mohammed - - 
The Perfian Yefdegird - 


Sun, Moon, and Planets h, Uf, ds 2» ¥ 


Art of printing difcovered 


The reformation begun by Martin Luther 
The Calendar corrected by pope Gregory 


Oliver Cromwell died - 

Sir Ifaac Newton born, Dec. 25 
Made Prefident of the Royal Society 
Died, March zoth - - 
New Planet difcovered by Herfchel 


in &, feen from the eart 
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4717 
4746 
4783 
4833 
4997 
5038 
5050 
5158 
5335 
5343 
5344 
5899 
6153 
6230 
6295 
6371 
6355 
64.16 
6440 
6494 








based 
4040 
4077 


4l27 


4291 
4332 
4344 
4452 
4629 
4637 
4638 
5193 
5447 
5524 
5589 
5665 
5649 
571O 
5734 
5788 


Years before 
Christ 
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BY 
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2351 
2456 
1909 
1556 
1451 
1184 
1012 
937 
884. 
875 
775 
752 
746 
606 
599 
583 
536 
431 
323 
320 
207 
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KQUABLE . Motion, Celerity, Velocity, &c, is 
that which is uniform, or without alteration, or by 
which equal {paces are paffed over in equal times. Hence, 
the fpaces, paffed over in Equable motions, are propor- 
tional to the times. So that if a body pafs over zo 
feet in 1 fecond of time, it will pafs over 40 feet in 2 
feconds, and fo on. 

Equasty Accelerated or Retarded, &c, is when the 
motion or change is increafed or decreafed by equal 
quantities or degrees in equal times. . 

EQUAL, a term of relation between different 
things, but of the fame kind, magnitude, quantity, or 
quality. Wolfius defines Equals to be thofe things 
that may be fubfituted for each other, without any 
alteration of their quantity.—It is an axiom in mathe- 
matics &c, that two things which are equal to the 
fame third, are alfo equal to each other, And if 
Equals be equally altered, by Equal addition, fub- 
ttaGion, multiplication, divifion, &c, the refults will be 
alfo Equal. 

Eaquat Circles, are thofe whofe diameters are 
equal. 

Equat Angles, are thofe whofe fides are equally in- 
clined, or which are meafured by fimilar arcs of circles. 

Equat Lines, are lines of the fame length. 

Equat Plane Figures, are thofe whofe areas are 
equal ; whether the figures be of the fame form or 
not. 

Equat Solids, are {uch as are of the fame fpace, ca- 
acity, or folid content; whether they be of the 
fame kind or not. 

Equat Curvatures, are fuch as have the fame or 

equal radii of curvature. 

Equat Ratios, are thofe whofe terms are in the fame 
proportion, 

Equa, in Optics, is faid of things that are feen 
under equal angles. 

EQUALITY, the exaé agreement of two things 
in refpeét of quantity. Thofe figures are equal which 
may occupy the fame fpace, or may be conccived to 
potlefs the fame fpace, by the flexiow or tranfpofition 
of their parts. See a learned difcourfe upon this, 
by Dr. Barrow, in the 11th and 12th of his Mathema- 
tical Le&tures. 

Equa.ity, in Algebra, the relation or comparifon 
between two quantities that are really or effectually 
equal, See Equation. 

Equality, in Algebra, is ufually denoted by two 
equal parallel lines, as = : thus 2 + 3 = 5s ie. 
‘2 plus 3, are equal tog. This character =, was firft 
introduced by Robert Recorde. Des Cartes, and fome 
others after him, ufe the mark o inftead of it : as 
24305. 

Equatity, in Aftronomy. Circle of Equatiry, 
orthe Equant. See Circre and Equant. 

Ratio ov Proportion of Equatity, is that between 
two equal numbers or quantities. 

Proportion of Equatitry evenly ranged, or ex eguo 
ordinata, is that in which two terms, in a ravk or fe- 
ries, are proportional to as many terms in another fe- 
ries, compared to each other in the fame order,. iv e. 
the firft of one rank to the firft of another, the 2d to 
the 2d, &e. 

Proportion of Equaurry evenly difurbed, called alfo 
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ex equa perturbata, is that in which more thay two terms 
of one rank, are proportional to as many terms of ano- 
ther, compared to éach other in a different and inter- 
rupted order ; viz, the 1ff of one rank to the 2d of 
another, the zdto the 3d, &c. ; 

EQUANT, or quant, in Aftronomy, a circle 
formerly conceived by aftronomers, in the plane of the 
deferent, or eccentric; for regulating and adjufting 
certain motions of the plancts, and reducing them 
more eafily toa calculus, 

EQUATED Anomaly. See Axomaty. 

Equaten Bodies. On Gunter’s Se€tor there are 
fometimes placed two lines, anfwering to one another, 
and called the Lines of Equated Bodies, They are 
fituated between the lines of fuperficies and folids, and 
are marked with the letters D, I, C, 8, O, T, to 
fignify dodecahedron, icofahedron, cube, {phere, o¢ta- 
hedron, and tetrahedron. 

The ules of thefe lines are, rft, When the diameter 
of the fphere is given, to find the fides of the five re- 
gular bodies, each equal to that {phere ; 2d, From the 
fide of any one of thofe bodies being given, to find 
the diameter of the fphere, and the fides of the other 
bodies, which thall be each equal to the firft given bo- 
dy. So, when the fphere is given, take its diameter, 
and apply it over on the fector in the points S, S ; but 
when one of the other five bodies is given, apply its 
fide over in its proper points ; thea the parallels taken 
from between the points of the other bodies, or fphere, 
fhall be the fides or diameter, equal feverally to the 
{phere or body firf given. 

EQUATION, in Algebra, an expreffion of equa- 
lity between two different quantities ; or two uantities, 
whether fimple or compound, with the mark of equality 
between them: as2-++3=7—-23 0r2 X 3= 63 


org x 3=%; ora+b=c;3 or s?*+axv=b; 


&c. Wheathe things, or two fides of the equation, arethe 
fame, the expreffion becomes an Identity, as 5 = 5, 
ora=a, &c. Sometimes the quantities are placed all 
on one fide, and made equal to o or nothing on the 
other fide ; as 5 - 5 = 0, ora—&=0: which is no 
more than fetting down the difference of two equal 
quantities equal to nothing. 

The charaGter or fign ufually employed to denote an 
Equation, is =, which is placed between the two 
equal quantities, called the two fides of the Equa- 
tion, 

The Terms of an Equation, are the feveral quan- 
tities or parts of which it is compofed. Thus, of the 
Equation a +4 =c, the terms are a, 6, ande: and 
the tenor or import of the expreffion is, that fome quan- 
tity reprefeuted by ¢, is equal to two others reprefented 
by a and 4. 

Equations are either Simple or Affected. 

A Simple Equation is that which has only onc pow- 
er-of the unknown quantity: asg +x = 34, or 
ax? =z be, a3 4- 2x3 = 5b, &c; where x denotes the 
unknown quantity, and the other letters known ones. 
But " 

An Affeied, or Adfeded Equation contains two 
or more different powers: a8 x* + ax = 6, or 
3x — 4x7 + a8 = 25, KO 
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Again,*Equations are denominated from the high- 
eft power contained in them; as quadratic, cubic, bi- 
quadratic, &c. Thus, 

A. Quadratic Equation, ‘is that in which the un- 
known quantity rifes to two dimenfions, or to the 
{quare or 2d power: as x* ++ 20x = 200, oF 
ax-~x? = b. : 

A Cubic Equation, is that in which the unknown 
quantity is of three dimenfions, or rifes to the cube 
or 3d power: as x3= 25, or x3--247 = 27, or 
x3 —ax?* + bx me. 

A Biquadratic Equ ar1on, isthatin which theunknown 
quantity is of 4 dimenfions, or-rifes to the 4th or biqua- 
dratic power: as at = 25, or x4—20% = 10, or 
ah——axd + bxt—ox = d. - 

And fo for other higher orders of Equations. 

The Root of an Equation, is the value of the un- 
known letter or quantity contained in it. And this 
value being fubftituted in the terms of the Equation 
inftead of that letter or quantity, will caufe both fides 
to vanith, or will make the one fide exactly equal to 


the other. So the root of the Equation 3% + 18=5 24, 


is 10; becaufe that ufing ro for x, it becomes 
3X 101 186 4 18 = 4 

Every Equation has as many roots as it has dimen- 
* fions, or as it contains units in the index of the higheft 
power, when the powers are all reduced to integral ex- 
ponents, So the fimple Equation of the 1ft power, has 
only one root; but the quadratic has 2, the cubic 3, 
the biquadratic 4, &c. Thus the two roots of this 
equation x*—4x =: —3 are 1 and 3 ; for either of thefe 
fubltituted for « makes x7 — 4x come out equal to — 3. 
Alfo the three roots of x3 —4x*—11¥ = ~ 30, or 
xi—gx?—11x + 30 = 0, are 2, Py and ~3 5 as will 
appear by fubftituting each of thefe inftead of in the 
equation, which will make all the terms on one fide 
equal to the other fide. And fo of others. 

The Relation between the Roots of Equations, and, the 
Coefficients of their Terms. In every Equation, when 
the terms are ranged in order according to the order of 
the powers, the greater before the leis; the firft term 
or higheft power freed from its coefficient, by dividing 
all the terms by it, and all brought to one fide, and 
made equal to nothing on the other fide, when it will 
appear in this form, 

xe ax p by? + ex® 3, 2 3 
then the relations between the roots and coefficients, 
are as follow: 

xft, The coefficient 2 of the 2d term, is equal to 
the fum of all the roots. 

zd, The coefficient 4 of the 3d term, is equal to the 
fum of all the produ&ts of the roots that can be made 
by multiplying every two of them together, In like 
manner, « 

3d, The coefficients ¢, d, ¢, &c, of the following 
terms, are refpeCtively equal to the fum of the produdts 
of the roots made by multiplying every three together, 
or every four together, or every five together, &c, the 
figns of all the roots being changed. All which will 
appear below, in the Generation of Equations. 

The Roots of Equations are Pofitive or Negative, 
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and Real or Imaginary. Thus, the two roots of the 
Equation x?+-4x = —3, are 1 and 3, real and both 
politive ; but the roots of the Equation «3 4x? —11% 
= — 30, are 2, 5, &—3, arereal, two pofitive and 
one negative ; and the roots of the equation x? 4 gx 
=o, arex and —! + £ /—39, one real and two 
imaginary. 

The Generation of Equations, is the multiplying 
of certain afflumed fimple equations together, to pro- 
duce compound ones, with intent to fhew the nature 
of thefe ; a method invented by Harriot, which is this : 
Suppofe x to denote the unknown quantity of any equa- 
tion, and let the roots of that equation, or the values 
of x, be, a, 4, c, d, &c3 that 1s « = a, andx = 4, 
and xc, &C; orx—a =O, and x~—b=0, and. 
x—c = 0, &c; then multiply thefe laf equations to~ 
gether, thus, 





x—a =O 
«—-b =o 
xt—ax 


—tx + ab 


= 4 «x» + ab =0, the quadratic Equation, 
Biter ee Se =o 








xt—a +b.x% +4 ads 
—c ext ac + be. x—abe 








x ~~ a.nt+ab. « — abc = 0, thecubicEqu.. 
—- 64 + ac 
- ¢ + be 
x — d =-0 
xt— a. xitab.an® -~abe.x + abd =o, the 
- 4 + ac —atd  biquadratic Equ. 
- ¢ + be - apd 
-~ ad +ad s bed 
+ bd 
+ cd 


Now the roots of thefe equations are a, b,¢, d, &<'s - 
and it is obvious that the fum of all the roots is the 
coefficient of the 2d term, the fum of all the products 
of every two is the.coefficient of the 3d term, the fum of 
all the products of every three that of the qth term, and 
fo on, to the laitterm, which is the continual product 
of all the roots. 

Redudion of Equartons, is. the transforming or 
changing them to their fimpleft_and moit commodious 
form, to prepare them for finding or extraéting their 
roots. The moft convenient form is, that the terms 
be ranged according to the powers of the unknown let- 
ter, the higheft power foremoft next the left hand, and 
that term to have only + 1 for its coefficient ; alfo all" 
the terms containing the unknown letter to be on one 
fide of the equation, and the abfolute known term only 
on the other fide. Z 

Now this reduétion chiefly refpedts the firft term, or 
that which contains the higheft power of the unknown 
quantity ; and the geacal rule for reducing it is, to 
confider in what manner it is involved or connected with 
other quantities, and then perform the counter or op- 
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pofite relation or operation; for every operation is un- 
done or counteraéted by the reverfe of it; as addition 
by fubtraGion, multiplication by divifion, involution 
by evolution, &c: then bring all the unknown terms 
to one fide, and the known term to the other fide, 
changing the figns,. from 4+ to—, or from —to +, 
of thofe terms which are changed from one fide to the 
other; and laitly divide by the coefficient of the firk 
term, with its fign.. 


Thus, for ex. if 5x—12 
then is 5x—3x 
and fo x=1$ 





8 
if ax—b = ex +d: 
+ d, 





Again, 
then ax —cx = b , 
bad 
and 4 = : 
a-c 
And, if 6x*-20 = 12x 4+ 207: 


then 61:72»? = 12x + 20, 
Or 4qx?—I2x = 20, 





and a?~3% = 5.- 
Aint 28 Pe: 
: ate e 3+ 


then av + ab bx = 3ax + 3x%, 
and— 37-4 ax-+ be — 3ax = — ab, 
or —3x°+ bx — 20x 











2a—b ab 

d xt + ea: 

. 3 3. 

Alfo, if Wa x? = 35 = aoe 


then /a? ft 36 + a tebe, 


_ 98a? + r2ab tx + gal : 
a Sn 
obta? 4+ 12ab*x + 4075, 
2x? —~ 12ab*e = 4a°b. 


+3 





Extratting or finding the Rots of Equations. 


This is finding the value or values of the unknown 
letter in an Equation, the rules for which are various, 
according to the degree of the Equation. 


1+ For the Root of a Simple Equations 


Having reduced the equation as above, by bringing 
the unknown terms to one fide, and the known ones to 
the other, freeing the former from radicals and frac- 
tions, by their counter operations, and laftly dividing 
by the coefficients of the unknown quantity, the value 
of it js then found: as in the firft and 2d examples 
of redu€tion above given. 


2. For the Roots of Quadratic: Equations. 

Thefe are ufually found by what. is called complet- 
ing the fquare ; which confifts in {quaring half the co- 
efficient of the 2d term, and adding it to both fides of 
the equation ; for then the unknown fide is a complete 
fquare of a binomial, and the other fide confilts only 
of known quantities. Therefore, extract the root on 
poth fides, fo fhall the root of the firft fide be a bino- 

_ mial, one part of which is the unknown letter, and the 
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other a known or given quantity, and the root of the 
other fide is taken either + or —, fince the {quare of 
either of thefe is the fame given quantity : laftly, bring- 
ing over the known part of the binomial root to the 
other fide, with a contrary fign, gives the two roots or 
values of the unknown letter fought. 

Thus, if x*-+ 2ax = ? be a general quadratic Equa- 
tion, 2a being the coefficient of the 2d term, and J* 
the abfolute known term, both with their figns. 
Then, a is half that coefficient, and a? its fquare; 
which being added, gives x? 4+ 24x + a® =a? + 0°53 
and the root extracted gives x -- @ s2xt Var + O53 
then, tranfpofing a, itis x» = -— at Va+B, 
the two roots, or values of x. 


And if x*—4x => §: then, adding 27 or 4, 
itis x?—~4x $+ 4 = 935 . 
the rootisx ~ 2 = 3, 
then x=2 3 =5or-—1, 


the two roots, or values of .x.. 
And if x? + 4x = 5; 
then x*-+4x+ 4 = 93 
and x +2 =+ 33 
or x t= — 2 3 = 1, or —5, the twa 
roots, which are the fame numbers as before, but with . 
the figns changed. . 


Alfo, if 42-4" = 5: 
then at—4x 4+ 4 = 4-5 >—r5 
and x? —-2.= atVa1; : 
or os 2 & V—T, two imaginary roots. 


3: For the Roots of Cubic Eauations.” 


A Cubic Equation is that in. which the unknown 
letter afcentls to the 3d power ; as x3 + a3 = 53, or 
3 + ax? -bx me 

The 2d term of every Cubic Equation being taken . 
away, thofe equations may all be reduced to this form, 
#3 fax =; and the general value of, one root ts 
ra V iby Vib dal 4 V Vib hah 
This rule is ufually called Cardan’s, becaufe firft pub- 
lifhed by him, but it was invented both by Scipio Fer- 
reus, and Nich. Tartalea, by whom it was communi- 
cated to Cardan. See the article Arcesra. 

When the 2d term. is negative, or the equation of 
this form, «3 ~ax = -t 4, the radical STR + ya3 be- 
comes V 13? 34,43, which will be imaginary or impof- 
fible when 7,43 is greater than 242, for / 10? — a3 
will then be the fquare root of a negative quantity, 
which is impoffible: and yet, in this cafe, the root x is 
a real quantity; though algebraifts have never been 
able to find a real finite general expreffion for it. And - 
this is called the Irreducible or Impraéticuble Cafe. 

This cafe may indeed be refolved by the trifeCtion of 
amare or angles or by any of the ufual methods of 
converging ; or by. general expreffions in infinite feries. 
See Saunderfon’s Algebra; pa. 7133 Philof Tranf. . 
vol. 18, pa. 136, or Abe. vol. 1, pa. 873 alfo vol. 70, 
pa. 415. See alfo the article Cusrc Equations. 

Mr. Cotes obferves, in his Logometria, pa. 29, that 
the folution of all cubic Equations depends either upon 
the trifeCtion of a ratio, or of an angle. Sve this mee 
thod explained in Saunderfon’s Aig. p. 718. 

Biquadratice 
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Biquadratic Equations, or thofe that are of 4 dis 
mentions, are refolved after various methods. The firt 
rule was given by Lewis Ferrari, the companion of 
Cardan, which is one of the beft. A 2d method was 
iven by Des Cartes, and another by Mr. Simpfon and 
Br. ‘Waring. “For the explanation of which, fee Br- 
quapraric Equations. 


Eauations of the Higher Degrees or Orders. 


There is no general rule to exprefs algebraically the 
roots of Equations above thofe of the 4th degree ; and 
therefore methods of approximation are here made ufe 
of, which, though not accurately, are yet practically 
tme. Some of thefe excel in cafe and fimplicity, and 
others in quicknefs of converging. Amon, thefe may 
be reckoned firt, Double Pofition, or Trial-and-Error, 
both in refpeét of eafe and univerfality, as it applies in 
the fimpleft manner to all forts of Equations whatever, 
not excepting even exponential ones, radical expref- 
fions of ever fo complex a form, expreffions of loga- 
rithms, of arches by the fines or tangents, of arcs of 
curves by the abfciffes, or any other fluents, or roots of 
fluxional Equations. For an explanation of this and 
other methods of converging to the roots of equations, 
by Halley, Newton, Raphfon, &c, &c, fee ArpROXi- 
MATION, and CONVERGING. 

Befides the methods above adverted to, there have 
been fome others, given in the Memoirs of feveral Aca- 
demies, and elfewhere. As, by M. Daniel Bernoulli, 
in the A@a Petropolitana, tom. 3, p. 92 5 and by M. 
L. Euler, in the fame, vol. 6, New Series, and tom. 5, 
p- 63 & 82; by Mr. Thos. Simpfon, in his Eflays, 

. 823 in his Differtations, p. 102 5 in his Algebra, 
p- 1583 and in his Select Exercifes, p. 215- 

Abfolute Equation. See ApsoLure. 

Adfetted, ox AffeGted Equation. See AFFECTED. 

Differential Equation, is the Equation of Diffe- 
rences or Fluxions. 

Enminential Equation. See Emiwentrar. 

Exponential Equation, one in which the exponents 
of the powers are variable or unknown quantities. See 
EXxponentiaL. 

Fluential Eqy ation, is the Equation of the fluents. 

Fluxional Eqy Aton, is the Equation of the fluxions. 

Literal Equation, is a general Equation expreffed 
in letters, as contradiitinguifhed from a 

Numeral Equation, one expreffed in numbers. 

Tranfeendental Equarion. See TRANSCENDENTAL. 

Equation, in Aftronomy, as Annual Equation, 
is either of the mean motion of the fun and moon, 
or of the moon’s apogee and nodes. 

The Annual Equation of the fun’s centre being 
given, the other three corre{ponding annual Equations, 
will be alfe given, and therefore a table of the firft will 
ferve for all of them. Thus, if the annual Equation 
of the fun’s centre, taken from fuch a table for any 
time, be called s ; and if qos A, and {s=B; then 
fhall the other annual Equations for that time be thus, 

A+ zs A =m, that of the moon’s mean motion 3 
and B+ 35 B =a, that of the moon’s apogee 5 
and ',B —;5B =n, that of her nodes. 

And here note, that when s, or the Equation of the 
fun’s centre, is additive ; then m is negative, a is pofi- 
tive. and a is negative. But on the contrary, when s 
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is negative or fubduétive ; then m is pofitive, a negae 
tive, and a pofitive. 

There is alfo an Equation of the moon’s mean motion, 
depending on the fituation of her apogee in-refpect of 
the fun; which is greateit when the moon’s apogee is 
jn an o@tant with the fu, and is nothing at all when it 
is in the quadratures or fyzygies. This Equation when 
greateft, and the fun in perigee, is 3’ 56% But it is 
never above 3° 34 when the fun is in apogee. At 
other diftances of the fun from the earth, this Equation 
when greateft, is reciprocally as the cube of that dif- 
tance. But when the moon’s apogee is any where out 
of the o€tants, this Equation grows lefs, and is moftly, 
at the fame diftance between the earth and fun, as the 
fine of double the diftance of the moon’s apogee from 
the next quadrature or fyzygy, is to radius. This is 
to be added to the moon’s motion while her apogee 
paffes from a quadrature with the fun to a fyzygy 
put is to be fubtraéted from it, while the apogee moves 
from the fyzygy to the quadrature. 

"I"here is moreover another Equation of the moon’s mo- 
tion, which depends on the afpect of the nodes of the 
moon’s orbit with refpeét to the fun; and this is 
greateit when her nodes are in oGtants to the fun, and 
oe vanifhes when they come to their quadratures or 

yzygies. This Equation is proportional to the fine 
of double the diftance of the node from the next fyzygy 
or quadrature ; and at the greateft is only 47” | “This 
muit be added to the moon’s mean motion while the 
nodes are pafling from the fyzygies with the fun to 
their quadratures ; but fubtracted while they pafs from 
the quadratures to the fyzygies. 

From the fun’s true place fubtraé& the equated mean 
motion of the lunar apogee, as was fhewn above, the 
remainder will be the annual argument of the faid 
apogee ; from whence the eccentricity of the moon and 
the 2d Equation of her apogee may be compared. See 
Theory of the Moon’s motions, &e. 

Equation of the Centre, called alfo Profthapherefi:, 
and Total Profthapherefis, is the difference between the 
true and mean place of a planet, or the angle made by 
the lines of the true and mean place; or, which 
amounts to the fame, between the mean and equated 
anomaly. 

The greateft Equation of the Centre may be obtained 
by finding the fun’s longitude at the times when he is 
near his mean diftances, for then the difference will 
give the true motion for that interval of time: next 
find the fun’s mean motion for the fame interval of 
time; then half the difference between the true and 
mean motions will fhew the greateit Equation of the 
Centre. 

For Example, by obfervations made at the Royal 
Obfervatory at Greenwich, it appears that at the fol- 
lowing mean times the {un’s longitudes were as an- 
nexed ; viz, 

Mean times, Sun’s longitudes, 
1769 O&. rat2z%4om 125 = = OF g° 32’ 06" 
1770 Mar.zgato 4 50 - = “ @ 8 50 27°5 


dif. of time 17840 15 383 truedif.lon. 5 29 18 27 


== 3654 sh 48™ 42% = 365°24215275 
178 0 15 38 = 1780108565 
| ee 





tropical year 
obferved interval 
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Then 


365°2421527 : 178°01C85648 : 360° s 275°455948 
or 175° 27° 21° the mean motion. a 
Therefore + 175° 27/ 21” of mean motion, 
anfwersto = 179 18 27 of true motion; 
their difference iss 3 51 6 

and its half - I 

is the greatcft Equation of the Centre according to 
thefe obfervations. 

To find the Equation of the Centre, or to refolve Kep- 
ler’s problem, is a very trovblefome operation, efpecial- 
ly in the more eccentric orbits. How this is to be 
done, has been fhewn by Newton, Gregory, Keil, 
Machin, La Caille, and others, by methods little dif- 
fering from one another ; which confift chiefly in find- 
ing a certain intermediate angle, called the eccentric 
anomaly ; having known the mean anamoly, and the 
dimentions of the fun’s orbit. The mean anomaly is 
eafily found, by determining the exaét time when the 
fun ts'in the apbelion, and ufing the following propor- 
tion, viz, 

As the time of a tropical revolution, or folar year, 

Is to the interval between the aphelion and given time, 
So is 360 degrees, to the degrees of the mean anomaly. 
Or it may be found by taking the fun’s mean motion 
at the given time out of tables. 

To find the Eccentric Anomaly, fay, 

As the aphelion diftance, 

Is to the perihelion diitance ; e 
So is the tangent of half the mean anomaly, 
To the tangent of an arc. 

Which arc added to half the mean anomaly, gives 
the eccentric anomaly. Then, 

To find the True Anomaly, fay, 

As the fquare root of the aphelion diftance, 

Is to the {quare root of the perihelion diftance ; 
So is the tangent of half the eccentric anomaly, 
To the tangent of half the true anomaly. 

Then, the difference between the true and mean 
anomaly, gives the Equation of the Centre, fought. 
Which is fubtraétive, from the aphelion to the perihe- 
lion, or in the firit 6 figns of anomaly ; and additive, 
from the perihelion to the aphelion, or in the lait 6 
figns of anomaly ; and hence called Profthaphere/is. 

By this problem a table may ealily be formed. 
When the Equations of the Centre for every degree 
of the fir 6 figns of mean anomaly are found, they 
will ferve alfo for the degrees of the lat 6 figns, be- 
caufe equal anomalies arc at equal diflances on both 
fides of their apfes. Then fet thefe equations orderly 
to their figns and degrees cf anomaly ; the firft 6 being 
reckoned from the top of the table downwards, and 
figned fulirad ; the lalt 6, for which the fame Equa- 
tions ferve, in a contrary order, being reckoned from 
the bottom upwards, and marked add. Let alfo the 
difference between every adjacent two Equations, called 
Tabular Differences, be fet in ancther column. Hence, 
from thefe Equations of the Centre, augmented or di- 
minifhed by the proportional parts of their refpective 
tabular differences, Ee any given minutes and feconds, 
may eafily be deduced Equations of the Centre to any 
mean anomaly propofed. Robertfon’s Elem. of Navig. 
book 5, p. 286, 290, 295, and 308, where fuch a table 
of Equations is given, 
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The late excellent Mr. Euler has particularly con- 
fidered this fubje&, in the Mem. de Acad. de Berlin, 
tom. 2, p. 225 & feq. where he refolves the following 
problems : 

x. To find the true and mean anomaly correfpond-_, 
ing to the planet’s mean diftance from the fun ; that 
is, where the planet is in the extremity of the conju- 
gate axis of its orbit. 

2. The eccentricity of a planet being given, to find 
the eccentric anomaly correfponding to the greateft 
Equation. 

3- The eccentricity being given, to find the mean 
anomaly correfponding to the greateit Equation. 

4. From the fame data, to find the true anomaly 
correfponding to this Equation. _ 

5. From the fame data, to find the greateft Equa. 
‘ton, 

6. The greateft Equation being given, to find the 
eccentricity. 

Mr. Euler obferves, that this problem is very diffi- 
cult, and that it can only be refolved by approximation 
and tentatively, in the manner he mentions: but if the 
eccentricity be not great, it may then be found dire@ly: 
from the greateft Equation. Thus, if the greateit 
Equation be = m, and the eccentricity = n ; 





then is mm an toa ea + Be, 
Whence by reverfion : maa 
a u 587 

n= |km— are ~ F355 m5 — &e, 


Where the greateft equation’ m muft be expreffed in 
parts of the radius, which may be done by reducing 
the angle m into feconds, and adding 4°6855749 to the 
log. of the refulting number, which will be the log. of 
the number 7m. 

The mean anomaly to which this greatc{t equation: 
correfponds, will be 


I 
~ = 90°+ $m— ap es m’—&e. Whence 
S 223 225 ig 


if go° be added to % of the greateft Equation, the fum 
will be the mean anomaly fufficiently exad. 

Mr. Euler fubjoins a table, by which may be found 
the greateft Equations, with the mean and eccentric 
anomalies correfponding to thefe greateft Equations 
for every rooth part of unity, which he fuppofes equal 
to the greateft eccentricity, or when the tranfverfe and 
diftance of the foci become infinite. -' The laft column 
of the table gives alfo the logarithm of that diftance of 
the planet from the fun where its Equation is greateft. 
By means of this table, any eccentricity being given, 
by interpolation will be found the correfponding sreateft 
Equation. But the chief ufe of the table is to deter- 
mine the eccentricity when the greateft Equation is 
known ; and without this help Mr. Euler thinks the 
problem cannot be refolved. 

Equation of Time, denotes the difference between 
mean and apparent time, or the redu@ion of the appa- 
rent unequal time, or motion of the funvor a planet, to 
equal and mean time, or motion ;‘or the Equation of 
time is the difference between the fun’s mean motion, 
and his right afcenfion, Apparent time is that which 
takes its beginning from the paffage of the fun’s centre 
ever the meridian of any place; and hed ih: fun no 

motion 
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motion in ‘the ecliptic, or was his motioa reduced to 
‘the equator er in right afcenfion uniform, he would al- 
ways return-to the meridian after equal intervals of 
time. But his apparent motion in the écliptic being 
continually varying, and his motion in right afcenfion 
being rendered farther unequal on account of the obli- 
quity of the ecliptic to the equator, from thefe caufes 
it arifes that the intervals of his return to the meri- 
dian become unequal, and the fun will gradually come 
too flow or too foon to the meridian-for an equable 
motion, fuch as that of clocks and watches ought to 
be; and this retardation or acceleration of the fun’s 
coming to the meridian, is called the equation of time. 

Now, computing the celeftial! motions according to 
equal time, it is neceffary to turn that time back again 
into apparent time, that they may correfpond to obfer- 
vation: oa the contrary, any phenomenon being ob- 
ferved, the apparent time of it mult be converted into 
equaltime, to have it correfpond with the times marked 
in the aftronomical tables. 

The Equation of time is nothing at four different 
times in the year, when the whole mean and unequal 
motions exactly agree; viz, about the 15th of April, 
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the 15th of June, the 31ft of Auguft, and the 24th of 
December: at all other times the fun. is either too 
faft or too flow for mean, equal, or clock time, by a 
certair number of minutes and feconds, which at the 
greatelt is 16’ 14, and happens about the rf of No» 
vember ; every other day throughout the year having 
a certain quantity of this difference belonging to it ; 
which however is not exaétly the fame every year, but 
only every 4th year 5 for which reafon it is neceffary 
to have 4 tables of this Equation, viz, one for each of 
the four years in the period of leap years. Inftead of 
thefe, may be here inferted, as follows, one general 
equation of time, according to the plice of the fun, in 
every point of the ecliptic: where it is to be obferved, 
that the fign of the ecliptic is placvd at the tops of 
the columns, and the par ar degree of the fun’s 
place, in each fign, in the firlt and Ja columns; and 
in the angle of meeting in all the other columns, is the 
equation of time, in minutes and feconds, when the 
fun has any particular longitude: fuppeling the obli- 
quity of the ecliptic’ 23° 28%, and the fun’s apogee in 
9° of S. 




















































































| ic A Table of the Equation of Time, for every Degree of the Sun’s Longitude. 
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‘The Equations with +, are to be added to the ap- 
parent time, to have the mean time; thofe with -> 
ate to be fubtraGted from apparent time, to give the 


Tasze for turning Degrees and Minutes 
Time, and the Contrary. 
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The preceding mark, whether + or —, at the top M | MoS M_ {MS M |M 
of any column, belongs to all the numbers or equa- 1fo 4 6r}4 4 flr2r] 8 
tions in that column till the fign changes ; after which, ‘ 2io0 8 62/4 8 122 8 
the remainder of the column belongs to the contrary 3} 0 a 63/4 4 - 123] 8 
fign. 4,0 1 64,4 4 124 { 8 

The Equation anfwering to any point of lengitude S}oO 20]] 65] 4 20}] 125) 8 
between one dey-ee and another, or any number of 6lo 241] 66) 4 24 }] 126] 8 24 
minutes or parts of a degree, is to be found by pro- 7|o 28 67 | 4 28 127 8 28 
portion in the ufual way, viz, as 1° or 60%, to that 8] 0 32 68 14 32 f] 128 8 32 
number of minutes, fo is the whole difference in the 90 36 69} 4 36 ][ 129 | 8 36 
Equation from the given whole degree of longitude to To] o 40 7Oo14 40 }) 130] 8. go 
the next degree, to the proportional part of it anfwer- Wo 44 m4 44 ([[ ign { 8 44 
ing to the given number of minutes, 12} a0 48 72:14 48 |] 132 8 48 

See Tables of the Equation of Time computed for 13} 0 52 73.) 4 52 |)133.] 8 52 
every year, in the Nautical Almanac, by a method pro- a o 56 414 5611341 8 56 
poled and illuitrated by Dr. Mafkelyne, the aftronomer 2 r 0 75|5 Of 135] 9 © 
royal, viz, by taking the difference between the fun’s : t 24 F 7615 : 36/ 9 4 
true right afcenfion and his mean longitude, corrected ah I 17115 137; 9 8 
by the Equation of the equinoxes in right afcenfion, : t 6 B15 138] 9 12 
and turning it into time at the rate of 1 minute of 2 rr 79)5 1 139} 9 16 
time to 15 of right afcenfign. Philof, Tranf. vol. 54, oy ; oa i ; a oH : an 
Ps 335. \ 

Equation of a Curve, is an Equation fhewing the Pe : = rs 5 2 _ 9 28 
nature of a curve by exprefling the relation hetwecn 24 |r af 3. 3 os ae 9 3s 
any abfeifs and its Soeeiponing ordinate, or clfe the a5 | on A 5 3 44 O43 
relation of their fluxions, &c. Thus, the Equation to 26 | 4 a 86 es, es 9 40 
the circle, is ax—a? =: y*, where a is its diameter, x 27 |x at; 8 5 44 it 9 es 
any abfcifs, or part of that diameter, and y the ordinate 28 |; x 83 : + ah 9 4 
at that point of the diameter ; the meaning being, that 29} 1 x 8. a. if 9 a 
whatever abfcifs is denoted by x, then the {quare of its 30 | 2 22 2 z 33 rate 2 5 
correfponding ordinate will be av—a*. In like man- stl2 4 a Cog ae te : 
ner the Equation 

gz 12 8 92] 6 S8jlrgz2}r0 8 

of the ellipfe is 4 + axa = yy - 2 4 93 : 7 153 | 10 - 
a; 1 94 1 154:| 10 1 

tholais 2-. azgpat = 92 35 | 2 20] 95 | 6 204] 155] 10 20 

ofthe hyperbola is TET = 36 | 2 24 |f 9616 24]] 156] 10 24 

of the parabolais - - - px =y. 37 12 281) 9716 28 ]] 157 | 10 28 

Where a is an axis, and p the parameter. 38} 2 32 98 | 6 32 ]] 158] 10 32 

And in like manner for any other curves. 39} 2 36 |] 99} 6 36]} 159 | 10 36 

: 42] 2 40 || 100] 6 40]}] 160} 10 4o 

‘This method of expreffing the nature of curves by 4t}2 44 |fror] 6 44 | 161 | 10 
algebraical equations, was firft introduced by Des 4z|2 48 || 102 {6 48 |] 162 | 10 ‘t 
Cartes, who, ty thus conrieGting together. the two 43} 2 §2 103 |6 52 163] 10 §2 
fciences of algebra and geometry, made them mutually 4+] 2 56 104 6 56 164 10 36 
affiting to each cther, and fo laid the foundation of the 4513 o|fios]7 off 165 | a1 a 
greateit improvements that have been made in every 4613 4|f10617 41] 166) a8 
branch of them fince that time. See Des Cartes’s 47 3 8 |bto7 | 7 84] 167 fax : 
Geometry 3 alfo Newton’s Lines of the 3d Order, and 48130 12 108 y 124) 2684 ar te 
many other fimilar works on curve lines, by feveral au- 4913 16 || 1¢9 5 16 |] 169 | 11 16 
thors. 013 20 {[ 110] 7 20 oj ir 2 

EQUATOR, in Geography, a great circle of the - 3 24 }{ rat 7 24 171 far a 
earth, equally diftant from its two poles, and dividing 52 3 28-|[ar2 | 7 2 V2} 1k 28 
it into two equal parts, or hemifpheres, the northern 53.13 32 113. | 7 32 173 [11 32 
and fouthern. The Equator is fometimes fimply called 5413 361) 114} 7 36 fb a7q [ar 36 
the Line. 5513 40 || 11s} 7 40 ll ass | ar do 

The circle in the heavens conceived dire@ly over the 5613 44] 116] 7 44 |] t76 far 44 
Equator, is the Equinodtial. See Equinectiar. 5713 48 ft 117] 7 48 jl 177 t Il 48 

The greateft hright of the Equator above the hori- 5813 s2i m8] 7 52 yr pre sz 
zon, ts equal to the latitude of the place. 5913 56}} 11917 56 | ivg Ltt 56 
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Ass one’ whole revolution of the earth, or of. the 
360° of the Equator, is performed in 24 hours, which is 
at the rate of 15° to the hour ; lence the number of 
degrees of the Equator, anfwering to any other given 
time, or the time anfwering to any given degrees of 
the Equator, will be eafily found: by proportion, viz, 

as thr.: 15°. :: anytime : its degrees, 

oras15°: thr. :: any-degrees: their time. 
And thus is computed the foregoing Table for turning 
time into degrees of the Equator, and the contrary. 

EQUATO RIAL, Univerfal, or Portarre Os- 
SERVATORY, #8 an inftrument intended to anfwer a 
number of ufeful purpofes in practical aflronomy, In- 
dependent of any particular obfervatory. It. may be 
employed in “~ fteady room or place, and it performs. 
mott, of the ufeful problems in the fcience of aftronomy. 
The following is the defeription of one lately invented, 
and named the Univerfal Equatorial. 

The principal parts of this inftrument (fig..2, plate 
viii.) ave, rit, The azimuth or horizontal circle A, 
which reprefents the horizon of the place, and moves 
on aloag axis B, called the vertical axis. 2d, The 
Equatorial or hour-cir¢le C, reprefenting the Equator, 
placed at right angles to the’ polar axis D, or the axis 
of the earth, upon which it moves. 3d, The fericir- 
cle of declination E, on which the telefcope is placed, 
and moving on: the axis of declination, or the axis of 
motion of the line of collimation F. Which circles are 


meafured and divided as-in the following Table :- 


Meafures of the feve- fon. of Divid. on} Divid. by| 
ral citcles and dwi-lus In-tvided to zogives}limb intofNon -intol 
ions onthem, feconds Jpts.of Inc, }pts.of Inc. 


















Azimuth orho- | “3 
rigontal cir- +f 5°T 7 45th |t35oth 
cle | 
: : ae oe 
Equaterial or : 
hour circle } a fa time ” | agth {1350th 


Vertical femi- 
circle for de- 
clination or 


30° | 42d tr260tb 
latitude : 








qth, The telefcope, which is an achromatic refra€tor 
with a triple object-glafs, whofe focal diftance is 17 
inches, and its aperture 2°45 inc., and it is furnished 
with 6 different eye-tubes; fo that its magnifying 
powers ‘extend from 44 to 168. The telefcope in this 
Equatorial may be brought parallel to the polar axis, as 
in the figure, fo as to point to the pole-flar in any part 
__ of its diurnal revolution ; and thus it has been obferved. 
near noon, when thefun has fhone very bright. 5th, The 
apparatus for correcting the error in altitude occafioned 
by refraction, which is applied to. the eye-end of the 
telefcope, and confifts of a flide G moving ina groove 
ot dove-tail, and carrying the feveral eye-tubes of the 
telefeope, on which flide there is an index correfponding 
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to five fmall-disifions engraved. on-the dove-tail; a very 
{mall circle, called the refraction circle H, moveable by . 
a finger-{crew at the extremity of the eye-end of the 
telefcape; which circle is divided into half minutes, 
one whole revolution of it being cqual tor3” 18//, and 
by its motion it raifes the centre of the crofs-hairs dh 
a circle of altitude ; and alfo a quadrant I of 13 inc. 
radius, with divifions on each fide, one exprefling the 
degree of altitude of the object viewed, and the other 
expreffing the minutes and feconds of error occafioned, 
by refraction, correfponding to that deeree of altitude. 
To this quadrant is joined a {mall round level K, which 
is adjutted partly by the pinion that turns the whole of 
this apparatus, and partly by the index of the qua- 
drant ; for which purpofe the refra@tion circle is fet. to 
the fame minute &c, which the index puints to on the 
limb of the quadrant ; and if the minute &c, given by 
the quadrant, exceed the 3’ 18/ contained in one en- 
tire revolution of the refraétion circle, this mutt be fet 
to the excefs above one or more: of its entire revolu- 
tions; then the centre of the crofs-hairs will appcar 
to be raifed on a circle of altitude to the additional 
height which the error of refraction will occafion at 
that altitude. 

The principal adjuftment in this inftrument, is that 
of making the line of collimation to defcribe a-portion 
of an hour circle in the heavens: in order to which, the 
azimuth circle muft be truly level ; the line of. collima- 
tion, or fome’ correfponding line reprefented by the 
{mall brafs rod M parallel to it, mutt be perpendicular 
to the axis of its own proper motion ; and this laft axis 
muft be perpendicular to the polar axis, On the brafs 
yod M there is occafionally placed a hanging level N, 
the ufe of which will. appear. in the following adjuft- 
ments: 

The azimuth circle may be madé level by turning 
the inftrument till one of the levels be parallel to an 
imaginary line joining two of the feet ferews; then: 
adjuit that level. with thefe two feet ferews ; turn the 
circle 180°, or half round; and if the hubble be not 
then right, correct half the error by the {crew belong- 
ing to the level, and the othcr half error by the twd 


foot {crews, repeating this operation till the bubble come 


_right ; then turn the circle go° from the. two former 


pofitions, and fet the bubble right, if it be wrong, by 
the foot {crew at the end of the level ; when this is 
done, adjuft the other level by its own fcrew, and the 
azimuth circle will be truly level. The hanging level 
muft then be fixed to the brafs rod by two hooks of 
equal length, and made. truly parallel to it: for this 
purpofe, make the polar axis perpendicular or nearly 
perpendicular to the horizon; then adjuft the level by 
the pinion of the declination femicircle: reverfe the 
level, and if it be wrong, corre&t half the error by a 
{mall fteel fcerew that lies under one end of the level, 
and the other half error by the-pinion of the declination- 
{emicircle, repeating the operation till the bubble be 
right in both pofitions. ‘To make the brafs rod, on 
which the level is fufpended, at right angles to the axis. 
of motion of the telefcope, or line of collimation, 
make the polar axis horizontal, or nearly fo; fet the 
declination femicircle to 0°, and turn the hour-circle 
till the bubble come right ; then turn the declination- 

circle 
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circle to 90°; adjuft the bubble ‘by raifidg or depref- 
fing the polar axis (firft by hand till it be nearly right, 
afterwards tighten with an ivory key the focket which 
runs on the arch with the polar axis, and thea apply 
the fame ivory key to the adjufting ferew at the end of 
the faid arch till the bubble come quite right); then 
turn the declination-circle to the oppofite go°; if the 
jevel be not then right, correét half the error by the 
aforefaid adjutting tece at the end of the arch, and 
the other half errer by the two {crews that raife or de- 
prefs the end of the brafscod. The polar axis remain- 
ing nearly horizontal as before, and the declination- 
femicircle at 0°, adjuft the bubble by the hour-circle ; 
then turn the declination-femicircle to 90°, and adjuft 
the bubble by raifing or deprefling the -polar axis ; 
then turn the hour-circle 12 hours ; and if the bubble 
be wrong, corre half the error by the polar axis, and 
the other half error by the two pair of capftan {crews 
at the feet of the two fupports on one fide of the axis 
of motion of the telefcope; and thus this axis will be 
at right angles to the polar axis. The next adjuft- 
ment, is to make the centre of the crofs hairs remain 
on the fame objeét, while the eye-tube is turned quite 
round by the pinion of the refraGtion apparatus: for 
this ‘adjuflment, fet the index on the flide to the firft 
divifion on the dove-tail, and fet the divifion marked 
38” on the refraétion-circle to its index; then look 
through the telefcope, and with the pinion turn the 
eye-tube quite round; then if the centre of the hairs 
does not remain on the fame {pot during that revolu- 
tion, it muft be correéted by the four fmall ferews, 2 
und 2 at a times which will be found upon unfcrewin 
the neareft end of the eye-tube that contains the fi 
eyc-glafs ; repeating this correction til] the centre of 
the hairs remain on the fpot looked at during a whole 
revolution. To make the line of collimation parallel to 
the brafs rod on which the level hangs, fet the polar 
axis horizontal, and the declination-circle to go°, adjuft 
the level by the polar axis ; look through the telefcope 
on fome diftant horizontal object, covered by the cen- 
tre of the crofs hairs: then invert the telefcope, which 
is done by turnmg the hour-circle half round ; and if 
the centre of the crofs hairs does not cover the fame 
objeét as before, corre& half the error by the upper 
moft and lowermoft of the 4 fmall {crews at the 

end of the large tube of the telefcope ; this correétion 
will give a fecond obje&t now covered by the centre of 
the hairs, which mutt be adopted inftead of the firft 
object ; then invert the telefcope as before ; and if the 
fecond object be not covered by the centre of the hairs, 
correét half the error by the fame two [crews as were 
ufed before: this correction will give a third objcé, 
now covered by the centre of the hairs, which muft be 
adopted inftead of the fecond object ; repeat this epe- 
ration till no error remain ; then fet the hour-circle ex- 
aly to 12 hours, the declination-circle remaining a 
90° as before; and if the centre of the crofs hairs do 
not cover the lait cbje& fixed on, fet it to that obje& 
by the two ape n Imall ferews at the eye-end of 
the large tube, and then the line of collimation will be 
parallel to the brafsrod. For poet the nonius of 
the declination and Equatorial circles, lower the tele- 
{cope us many degrees &c below 0° or AL on the decli- 
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mation-femicircle as are equal ta the complement of the 


Jatitude; then elevate-the polar axis till the bubble be 
horizontal ; and thus the Equatorial circle will he ele- 
vated to the co-latitude of the place : fet this circle to 
6 hours ; adjuft the level by the pinion of the declina- 
tion-circle ; then turn the Equatorial circle exaétly 
12 hours from the laft pofition ; and if the level be not 
right, correct one half of the error by the Equatorial 
circle, and the other half by the declination-circle : 
then turn the Equatorial circle back again exaétly 12 
hours from the laft pofition; and if the level be {till 
wrong, repeat the corre¢tion as before, till it be right, 
when turned to either pofition: that being done, ‘fet 
the nenius of the Equatorial circle exactly to 6 hours, 
and the nonius of the declination-circle exaétly to 0% 

The chief ufes of this Equatorial are, ; 

iit, To find the meridian by one obfervation only: 
for this purpofe, elevate che Equatorial circle to the 
co-latitude of the place, and fet the declination-femi- 
circle to the fun’s declination for the day and hour of 
the day required; then move the azimuth and hour- 
circles both at the fame time, either in the fame or con- 
trary direétion, till you bring the centre of the crof 
hairs inthe telefcope exaCly to cover the centre of the 
fun; when that is done, the index of the hour-circle 
will give the apparent or folar time at the inftant of 
obfervation ; and thus the time is. gained, though the 
fun be at a diftance from the meridian ; then turn the 
hour-circle till the index points precifely at 12 o’clock, 
and lower the telefcope to the horizon, in order to ob- 
ferve fome point there in the centre of the glafs; and 
that point is the meridian mark, found by one obfer- 
vation only; The beft time for this operation is 3 
hours before, or 3 hours after 12 at noon. 

2d, To point the telefcope on a ftar, though not on 
the meridian, in full day-light. Having elevated the 
equatorial circle to the co-latitude of the place, and fet 
the declination-femicircle to the ftar’s declination, move 
the index of the hour-circle till it fhall point to the pre- 
cife time at which the flar is then diftant from the me- 
ridian, found in the tables of the right afcenfion of the 
ftars, and the ftar will then appear in the glafs, 2 

Befides thefe ufes, peculiar to this inftrument, it may 
alfo be applied to all the purpofes to;which the princt- 
pal aftronomical inftruments are applied; fuch asa 
tranfit inflrument, a quadrant, and an equal-altitude 
inftrument. 

See the defcription and drawing of an Equatorial te- 
lefcope, ov portable obfervatory, invented by Mr. 
Short, in the Philof. Tranf, number 493, or vol. 46, 
P- 2423 and another by Mr. Nairne, vol. 61, p. 107. 

EQUIANGULAR Figure, is one that has all its 
angles equal among themfelves ; as the fquare, and all 
the regular figures. 

An equilateral figure inferibed ina circle, is always 
Equiangular. But an Equiangular figure infcribed in 
a circle, is not always equilateral, except when it has 
an odd number of fides: If the fides be of an even 
number, then they may either be at! equal, or elfe half 
of them will always be equal to each other, and the 
other half'to each other, the equals being placed alter- 
nately. See the demonfiration in my Mathematical 
Mifcellany, pa. 272. 
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Equiancuar, isalfo faid of anytwo figures of the 
fame kind, when each angle of the one is equal toa 
correfponding angle in the other, whether each figure, 
Separately confidered in itfelf, be an equiangular figure 
or. not, that is, having all its angles equal to each other. 
‘Thus, two triangles are Equiangular to each other, if, 
ex. gr. one angle in each be of 30°, a fecond angle in 
each of 50°, and the third angle of each equal to 100 
degrees, 

quiangular triangles have not their like fides necef- 
farily equal, but only proportional to each other ; and 
Such triangles are always fimilar to each other. 

Equicaurat Triangle, is one that has two of its 
fides-equal to each other ; and is more ufually called an 
Tfofceles triangle. 

Eauicutus, Equurevs,or Equus Minor, a con- 
ftellation of the northern hemifphere. See Equvu- 
LEUS. é 

EQUIDIFFERENT, are fuch things as have equal 
differences, or arithmetically proportional, If the 
terms have all the fame difference, viz, the 1ft and 2d, 
the 2d and 3d, the 3d and 4th, &c, they are faid to be 
Continually Equidifferent ; as the numbers 3, 6, 9, 125 
&c, where the common difference is 3. But if the fe- 
veral different couplets only have the Bue difference, as 
the ft and 2d, the 3d and 4th, the sth and 6th, &c, 
they are faid to be Difcretely Equidifferent ; as the 
terms 3 and 6, 7 and 10, 9 and 12, &c. See Ariru- 
MBTicaL Progrefion and Proportion. 

EQUILATERAL Figure, is one that has all its 
fides equal to each other. Such as the fquare, and all 
the regular figures or polygons, or a triangle that has 
all its fides equal. See Equiancucar. 

Equivarerar Ayperbola, is that which has the two 
axes equal to each other, and every pair of conjugate 
diameters alfo equal to each other. The afymptotes 
alfo are at right angles to each other, and make each 
half a right angle with either axis. Alfo, fuch an hy- 
perbola is equal to its oppofite hyperbola, and like- 
wife to its conjugate hyperbola; {o that all the four 
conjugate hyperbolas are mutually equal to each 
other. 

Moreover, as the 3d proportional to the two axes is 
the parameter, therefore in {uch a figure, the parameter 
and two axes are all three equal to one another. Hence, 
as the general equation to hyperbolas is 
ygi= £ tx + xtor = 5 ty + x7, where # is the 
tranfverfe axis, ¢ the conjugate, p the parameter, x the 
abfcifs, and y the ordinate; then making t, c, and p 
all equal, the equation, for the Equilateral Hyperbola, 
becomes y? = tx + x73 differing from the equation of 
the circle only inthe fign of the term x?, which in the 
eircle is —. 

EQUILIBRIUM, is an equality between two equal 
forces ating in oppofite direGtions ; fo that they mu- 
tually balance each other; like the two equal arms, or 
{cales, of a balance, &c. 

Eqvirisrium, in folid bodies, forms a confiderable 
part of the fcience of Statics. And Equilibrium of 


fluids, a confiderable part of the doGrine of Hydro- 
ftatice, 
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EQUIMULTIPLES, the produéts.of quantities 


“equally multiplied. 


Thus, 3a and 36 are Equimultiples of a and 4; 
and ma and mb are Equimultiples of a and. J. 

Equimultiples of any quantities, have the fame ratio 
as the quantities themlelves. 

Thus a: b:: 3a: 363: ma: mb, 

EQUINOCTIAL, a great circle in the heavens 
under which the equator moves in its diurnal motion. 
The poles of this circle are the poles of the world. It 
divides the fphere into two equal parts, the northern 
and fouthern. It cutsthe horizon, of any place, in 
the eaft and welt points ; and at the meridian its eleva- 
tion above the horizon is equal to the co-latitude of the 
place. The Equinoétial has alfo various other proper- 
ties 5 as, 

y. Whenever the fun comes to this circle, he makes 
equal days and nights all round the globe ; becaufe he 
then rifes due eaft, and fets due welt. Hence it has 
the name Equinodiial. All ftars which are under this cir- 
cle, or have no declination, do alfo rife due eaft, and 
fet due welt. 

2. All people living under this circle, or upon the 
equator, or line, have their days and nights at all times 
equal to each other. 

3. From this circle, on the globe, is counted, upon 
the meridian, the declination in the heavens, and the 
latitude on the earth. 

4. Upon the Equinodtial, or equator, is counted the 
longitude, making in all 360° quite round, or elfe 
180° eaft, and 180° weft. 

5. And as the time of one whole revolution is di- 
vided ‘into 24 hours; therefore 1 hour anfwers to 15°, 
or the 24th part of 360%. Hence, 

1° of longitude anfwers to 4 min. of time, 
1s) - - - - = + + tor min. of time, 
oe + = . + = - tog fee, of time, Ke. 

6. The thadows of thofe people who live under this 
circle are caft to the fouthward of them for one half of 
the year, and to the northward of them during the 
other half; and twice in a year, viz, at the time of the 
equinoxes, the fun at noon cafts no fhadow, being ex- 
adtly in their zenith. 

Eaquinoctiat Colure, is the great circle pafling 
through the poles of the world and the Equinoétial 
points, or firft points of Aries and Libra. 

Equtnocriat Dial, is one whofe plane is parallel 
to the Equinoétial. ‘Ihe properties or principles of this 
dial are, 

1. The hour lines are all equally diftant from one ano- 
ther, quite round the circumference of a circle; and 
the ft Ae is a ftraight pin, or wire, fet up in the cen- 
treo the circle, perpendicular to the plane of the 
dial. 

2. The fun fhines upon the upper part of this dial 
plane from the 21ft of March to the 22d of Scptem- 
ber, and upon the under part of the plane the other 
half of the year. 

Some of thefe dials are made of brafs, &c; and 
fet up in a frame, to be elevated to any given lati- 
tude. 

Equinoctiat Points, are the two oppofite points 
where the Ecliptic and Equinoétial crofs each ae ; 

the 
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the cite point being in the beginning of Aries, and 
ealled the Vernal point, or Vernal Equinox; and the 
other in the beginning of Libra, and called the Autum- 
nal point, or Autumnal Equinox. : 

It is found by obfervation, that the Equino@ial 
points, and all the other points of the ecliptic, are con- 
tinually moving backwards, or in antecedentia, i. ¢. 
weilwards. ‘This retrograde motion of the EquinoGial 
points, is that phenomenon called the Preceffion of the 
Equinoxes, and is made at the rate of 50" every year 
nearly. 

: EQUINOXES, the times when the fun enters 
the Equinoétial points, or about the 21ft of March 
and 22d of September: the former being the Vernal or 
Spring Equinox, and the latter time the Autumnal 
Equinox. 

As the fun’s motion is unequal, being fometimes 
quicker and fometimes flower, it hence happens that 
there are about 8 days more from the vernal to the au- 
tumnal Equinox, or while the fun is on the northern fide 
of the equator, than while he is in moving through the 
fouthern figns from the autumnal to the vernal Equi- 
nox, ox on the fouthern fide of the equator. According 
to the oblervations of M. Caffini, the 


fun is 1864 144 §3™ in the northern figns, 
and only 178 14 56 in the fouthern figns, 
fo that 7 23 57 is the difference of them, or 


nearly 8 days. 

EQUINUS Barbatus, a kind of comet. See Hir- 
REUS. 

EQUULEUS, Eauscutus, and Equus Minor, 
Equi fedio,the Horfe’s Head, one of the 48 old conftella- 
tions, inthe northern hemifphere. Its ftars, in Ptolo- 
my’s catalogue, are 4, in Tycho’s 4, in Hevelius’s 6, and 
in Flamtteed’s 10. 

ERECT Vifion. See Viston. 

Erecr Dials, {uch as ftand perpendicular to the 
horizon, and are of various kinds; as Ere&t Direct, 
when they face exaétly one of the four cardinal points, 
eait, weft, north, fouth; and Ere& Declining, when 
declined from the cardinal points. See Drat. 

To Erect a Perpendicular, is a popular problem in 
practical geometry, and denotes to-raife a perpendicular 
from a given line Kc, as diftinguifhed from Demitting oF 
letting a perpendicular fall upon a line &c, from fome 

joint out of it. See PerPENDICULAR. 

ERIDANUS, the River, a conitellation of thefouth- 

* ern hemifphere, asd one of the 48 old afterifms, The 
flars in this conficllation, in Ptolomy’s catalogue, are 
4, in Tycho’s 19, and inthe Britith catalogue 84. 

ERRATIC, an epithet applied to the planets, 
which are called Erratic or wandering ftars, in contra- 
diftinGtion to the fixed ftars. 

ESCALADE, or Scarane, a furious attack of 2 
wall ora rampart 3. carried on with ladders, to pafs the 
ditch, or mount the rampart ; without proceeding in 
form, breaking ground, or carrying on regular worke 
to fecure the men, . 

ESPAULE, orEpaurs. See Epauce. 

ESPLANADE, in Fortification, called alfo Gla- 
cis, a part which ferves as a parapet to the counter- 
{carp, or covert way ; being a declivity or flope of earth, 
commencing from the top of the counterfcarp, and 
lofing itfelf infenfibly in the level of the champaign. 
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Efplanade alfo means the ground which has been le~ 


- yelled from the glacisof the counterfcarp, to the firft 


houfes; or the vacant {pace between the works and the 
houfes of the town: 

The term is alfo applied, in the general, to any 
piece of ground that is made flat or level, and which 
before had fome eminence that incommoded the place. 

ESTIVAL Occident, Orient, or Solftice. See Occia 
DENT, Orient, SousTice. 

EVAPORATION, the aé of diffipating the hu- 
midity of a body in fumes or vapour; differing from 
exhalation, which is properly a difperfion of dry par- 
ticles iffuing from a body. ; 

Evaporation is ufually produced by heat, and by the 
change of air: thus, common falt is formed by evapo- 
rating all the humidity in the brine or falt water ; which 
evaporation is either performed by the heat of the fun, 
asin the falt-works on the fea-coaft, &c; or by means 
of fire, as at the falt-{prings, &c: and it is well known 
how ufeful a brifk wind is in drying wet clothes, or the 
furface of the ground; while in a calm, {till atmo- 
f{phere, they dry extreme flowly. 

But, though Evaporation be generally confidered a¢ 
an effect of the heat and motion of the air, yet M. 
Gauteron, in the Memoires de I’ Acad. des Science, an. 
1705, fhews, that a quite oppofite caufe may have the 
fame effeét, and that fluids lofe more of their parts in 
the fevereit froft than when the air is moderately warm: 
thus, in the great froft of the year 1708, he found 
that the greater the cold, the more confiderable the 
evaporation ; and that ice itfelf loft. full as much as the 
warmer liquors that did not freeze. 

There are indeed few fubjeéts of philofophical in- 
veftigation that have occafioned a greater variety of opi+ 
nion than the theory of Evaporation, or of the afcent 
of water in fuch a fluid as air, between 8 and g huns 
dred times lighter than itfelf, to different heights ac- 
cording to the different denfities of the air; in which 
cafe it muft be fpecifically lighter than the air through 
which it afcends. The Cartefians account for it by 
fuppofing, that by the action of the fun upon the water; 
fmall particles of the water are formed into hollow 
fpheres and filled with the materia fubtilis, which ren- 
ders them fpecifically lighter than the ambient air, fo 
that they are buoyed up by it. 

Dr. Nieuwentyt, in his Religious Philofopher, cont. 
19, and feveral others, have alleged, that the fun emits 
particles of fire which adhere to thofe of water, and 
form molecule, or {mall bodies, lighter than an equal 
bulk of air, which confequently afcend ill they come 
to a height where the air is of the fame fpecific gravity 
with themfelves ; and that thefe particles being feparated 
from the fire with which they are incorporated, coalefee 
and defcend in dew or rain. 

Dr. Haliey has advanced another hypothefis, which 
has been more generally received: he imagined, that 
by the 2étion of the fun on the furface of the water, the 
aqueous particles are formed into hollow fpherules, 
that are filled with a finer air highly rarefied, fo as to - 
become Specifically lighter than the external air. Philof. 
‘Tranf, number 192, or Abr. vol. 2, p. 126... 

Dr. Defaguliers, diffatisfied with thefe two hypo- 
thefes, propofes another in the Philof. Tranf. number 
407, or Abr. vol. 7, pa. 61. See alfo his Courfe.of 
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Experimestal Philofophy, vol. 2, p. 336. He fup- 
pofes that heat ats more powerfully on water than on 
common air; that the fame degree of heat which rare- 
fies air two-thirds, will rarefy water near 14,000 times; 
and that a very {mall degree of heat will raife a fteam 
or vapour from water, even in winter, whilft it con- 
denfes the air ; and thus the particles of water are con- 
verted into vapour by being made to repel each other 
-ftrongly, and, deriving ele@tricity from the particles of 
air to which they are contiguous, are repelled by them 
and by each other, fo as to form a fluid which, being 
lighter than the air, rifes in it, according to their rela- 
tive gravities. ‘The particles of this vapour retain their 
repellent force for a confiderable time, till, by: fome 
diminution of the denfity of the air in which they float, 
they are precipitated downwards, and brought within 
the fphere of each other’s attraction of cohefion, and 
fo join again into drops of water. 

Many obje@ions have been urged againft this opi- 
pion, by Mr. Clare in his Treatife of the Motion of 
Fluids, pa. 294, and by Mr. Rowning in his Syftem 
of Philofophy, part 2, diff. 6; to which Dr. Hamilton 
has added the two following, viz, that if heat were the 
only caufe of evaporation, water would evaporate fatter 
in a warm clofe room, than when expofed in a colder 
place, where there isa conftant current of air; which 
is contrary to experience ; and that the evaporation of 
water is fo far from depending on its being rarefied by 
heat, that it is carried on even whilit water is con- 
denfed by the coldnefs of the air, till it freezes; and 
fince it evaporates even when frozen into hard ice, it 
mutt alfo evaporate in all the lefler degrees of cold. 
And therefore heat does not feem to be the principal, 
much lefs the only caufe of Evaporation. 

Others have more fuccefsfully accounted for the 
phenomena of Evaporation on another principle, viz 
that of folution; and fhewn, from a variety of experi- 
ments, that what we call Evaporation, is nothing more 
than a gradual folution of water in air, produced and 
fupported by the fame means, viz, attraction, heat, and 
motion, by which other folutions are effected: 

It feems the Abbé Nollet firft ftarted this opinion, 
though without much puriuing it, in his Lecons de 
Phyfique Experimentale, firft publithed in 1743: he 
offers it as a conjecture, that the air of the atmoiphere 
ferves as a folvent or fponge, with regard to the bodies 

that encompafs it, and receives into its pores the vapours 
and exhalations that are detached from the mafles to 
which they belong in a fluid ftate; and he accounts for 
their afcent on the fame principles with the afcent of 
liquors in capillary tubes. On his hypothefis, the 
condenfation of the air contributes, like the {queezing 
of a {ponge, to their defcent. 

Dr. Franklin, in a paper of Philofophical and Me- 
teorological Qbfervations, Conje€iures and Suppofi- 
tions, delivered to the Royal Society about the year 
1747, and read in 1756, fuggefted a fimilar hypothefis: 
he obferves, that air and water mutually attra each 
other ; and hence he concludes, that water will diffolve 
in air, as falt in water ; every particle of air aifuming 
one or more particles of water; and when too much Is 
added, it precipitates in rain. But as there is not the 
fame contiguity between the particles of air as of wa- 
‘ter, the folution of avater in airis not carried on without 
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a motion of the air, fo as to. caufe a frefh acceffion of 
dry particles. A fmall degree of heat fo weakens the 
cohefion of the particles of water, that thofe on the 
furface eafily quit it, and adhere to the particles of air: 
agreater degree of heat is neceflary to break the cohe- 
fion between water and air; for its particles being by 
heat repelled to a greater diftance from each other, 
thereby more eafily keep the particles of water that 
are annexed to them from running into cohefions that 
would obftru@t, refraG, or reflect the heat: and hence 
it happens that when we breathe in warm air, though 
the fame ‘quantity of moifture may be taken up from 
the lungs as when we breathe in cold air, yet that - 
moifture is not fo vifible. On thefe principles he ac- 
counts for the produGtion and different appearances’ of 
fogs, mifts, and clouds. He adds, that if the parti- 
cles of water bring eleétrical fire when they attach 
themfelves to air, the repulfion between the particles of 
water electrified, joins with the natural repulfion of the 
air to force its particles to a preset diftance, fo that 
the air being more dilated, rifes and carries up with it 
the water ; which mutual repulfion of the particles of 
air is increafed by a mixture of common fire in the par- 
ticles of water. When air, loaded with furrounding 
particles of water, is compreffed by adverfe winds, or 
by being driven againit mountains, &c, or condenfed 
by taking away the fire that affifted it in expanding, 
the particles will approach one another, and the air 
with its water will defcend as a dew; or if the water 
furrounding one particle of air come in contact with 
the water {urrounding another, they coalefce and form 
a drop, producing rain; and fince it is a well-known 
fa&t, that vapour is a good conduétor of electricity, as 
well as of common fire, it is reafonable to conclude with 
Mr. Henley, that Evaporation is one great caufe of 
the clouds becoming at times furcharged with this 
fluid. Philof. Trani. vol. 67, pa. 134.° See alfo vol. 
5, p» 182, or Franklin’s Letters and Papers on Philo- 
fophical Subjects, p. 42 &c, and pa. 182, ed. 1769. 
M. le Roi, of the Acad. of Sciences at Paris, has 
alfo advanced the fame opinion, and fupported it by a 
variety of faéts and obfervations in the Memoirs for 
the year 1751. He thews, that water does undergo 
in the air a real diffolution, forming with it a tranfpa- 
rent mixture, and poffefling the fame propertics with 
the folutions of mott falts in water; and that the two 
principal caufes which promote the folution of water in 
the air, are heat and wind; that the hotter the air is, 
within a certain limit, the more water it will diffolve ; 
and that at acertain degree of heat the air will be fa- 
turated with water; and by determining at different 
times the degrec of the air’s faturation, he eftimates the 
influence of thofe caufes on which the quantity depends 
that is fufpended in the air in a flate of folution, Ac- 
cordingly, the air, heated by evaporating fubitances to 
which it is contiguous, becomes more rare and light, 
rifes and gives way to a denfer air 5 and, by being thus 
removed, contributes to accelerate the Evaporation, 
The fixed air contained in the internal parts of evapo- 
rating bodies, put into a€tion by heat, feems alfo to in- 
creafe their Evaporation. The wind is another caufe 
‘of the increafe of Evaporation, chiefly by changing 
and renewing the air which immediately encompaffes 
the evaporating fubftances ; and from the confideration 
of 
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of thefe twotaufes combined, it appears why. the quan- 
tity of vapour raifed in the night is lefs than that of the 
day, fince the air is then both lef heated and lefs agi- 
tated. To the objetion urged againft this hypothclis, 
on account of the Evaporation of water in a vacuum, 
this ingenious writer replies, that the water itfelf con- 
tains a great quaatity of air, which gradually difengages 
itfelf, and caufes the Evaporation; and that it is im- 
poffible that a fpace containing water which evapo- 
rates fhould remain perfe@tly free from air. To this 
obje€tion a hate writer, Dr. Dobfon of Liverpool, re- 
plies, that though air appears, by unqueftionable cxpe- 
riments, to be 2 chemical folvent of water, and as fuch, 
is to be conlidered ag one caufe of its Evaporation, heat 
is another caule, acting without the intervention of air, 
and producing a copious Evaporation in an exhaufted 
receiver 5 agrecably to an experiment of Dr. Irving, 
who fays, that in an exhaufted receiver water rifes in 
Yapour more copioufly at 18c° of Fahrenheit’s ther- 
mometey, than in the open air at 212°, its boiling point. 
Dr. Dobfon farther adds, that water may exit in air 
in three dificrent flates; ina flate of perfec folution, 
when the air will be clear, dry, and heavy, and its 
powers of folution {till aGive ; in a ftate of beginning 
precipitation, when it becomes moilt and foggy, its 


powers of folution are diminifhed, and it becomes 
if hter in proportion as its water is depofited ; and alfo, 
et it is completely precipitated, which may happen 
either by a flower procefs, when the diffolved water 
falls in a drizzling rain, or by a more fudden procefs, 
when it defcends in brifk thowers. Philof. Tranf. vol. 
67, p. 257, and Phipps’s Voyage towards the North 
Pole, p. 211. ; 
Dr. Hamilton, profeffor of philofophy in the uni- 
. verfity of Dublin, tranfmitted to the Royal Society in 
1765, along Differtation on the nature of Evapora- 
tion, in which he propofés.and eftablifhes this theory 
of folution ; and though other writers had been prior 
in their conjectures, and even in their reafoning on 
this fubje&, Dr. Hamilton affures us, that he has not 
reprefented any thing as new which he was confcious 
had ever been propofed by any one before him, even 
as a conjeure. Dr. Hamilton having evinced the 
agreement between Solution and Evaporation, concludes, 
that Evaporation is nothing more than a gradual folution 
of water in air, produced and promoted by attraction, 
heat, and motion, juft as other folutions are effeted. 
To account for the afcent of aqueous vapours into 
the atmofphere, this ingenious writer obferves, that the 
lowelt part of the air being prefled by the weight of 
the upper againft the furface of the water, and con- 
tinually rubbing upon it by its motion, attraéts and dif- 
folves thu fe particles with which it is in conta@, and 
feparates thom from the reft of the water. And fince 
the caufe of folution in this cafe is the ftronger at- 
traction vt the p.rticles of water towards the air, than 
towards each other, thofe that are already diffolved and 
taken up, will be ful farther raifed by the attraction 
of the dry air that lies over them, and thus will dif 
fufe themfelves, rifing gradually higher and higher, and 
fo leave the loweft air not fo much faturated but that 
it will {till be able to diffolve and take up freth parti- 
cles of water ; which procefs is. greatly promoted by 
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the motion of the wind. When the vapours are thus 
raifed and'carried By tlie winds into the higher and 
colder parts of the atmofphere, fome of them will 
coalefce into fmall particlés, which’ flightly attra@ting 
each other, and being intermixed with air, will form 
clouds ; and thefe clouds will float at different heights, 
according to the quantity of vapour borne up, and the 
degree a heat in the upper parts of the atmofphere : 
and thus clouds are generally higher in fummer than in 
winter. When the clouds are much increafed -by a 
continual addition of vapours, and their particles are 
driven clofe tegether by the force of the winds, they 
heavy enongh to fall down in rain. 
If the clouds be frozen before their particles are ga- 
thered ingo drops, fmall pieces of them being condenfed 
and made heavier by the cold, fal! down in thin flakes 
of fnow. When the particles are formed into drops 
before they are frozen, they become hailftones. When 
the air is replete with vapours, and a cold breeze 
{prings up, which checks the folution of them, clouds 
are formed in the lower parts of the atmofphere, and 
compofe a mift or fog, which ufually happens in a cold 
morning, and is difperfed when the fun has warmed 
the air, and made it capable of diffolving thefe watry 
particles. Southerly winds commonly bring rain, be- 
caufe, being warm and replete with aqueous vapours, 
they are cooled*by coming into a colder climate; and 
therefore they part with fome of them, and fuffer them 
to precipitate in rain: whereas-northerly winds, being 
cold, and acquiring additional heat by coming into a 
warmer climate, are ready to diffolve and receive more 
vapour than they before contained; and therefore, by 
long continuance, they are dry and parching, and com- 
monly attended with fair weather. 

Changes of the air, with refpe& to its denfity and 
rarity, as well as its heat and cold, will produce con- 
trary effects in the folution of water, and the confequent 
afcent or fall of vapours. “Several experiments prove 
that air, when rarefied, cannot keep fo much water dif- 
folved as it does in a more condenfed ftate ; and therc- 
fore when the atmofphere is faturated with water, and 
changes from a denfer to a rarer ftate, the high and 
colder parts of it will let go fome of the water before 
diffolved, forming new clouds, and difpofing them to 
fall down in rain: but a change from a rarer to a den- 
fer ftate will flop the precipitation of the water, and 
enable the air to diffolve, either in whole or in part, 
fome of thofe clouds that were formed before, and render 
their particles lefs apt to run into drops and fall down 
in rain: on this account, wr generally find that the 
rarefied and condenfed ftates of the atmofphere are re. 
{pe€tively attended with rein or fair weather. See more 
on this fubject in the Philof. Tranf. vol. 55, pa. 146, 
or Hamilton’s Philofophical Effays, p. 33. 

Dr. Halley, before mentioncd, has furnifhed fome 
experiments on the Evaporation of water; the refult 
of which is contained in the following articles: 1. That 
water falted to about the fame degree as fea-water, and 
expofed to a heat equal to that of a fummer’s day, did, 
from a circular furface of about 8 inches diameter, eva- 
porate at the rate of 6 ounces in 24 hours: whence by 
a calculus he finds that, in fuch circumftances, thernwa- 
ter evaporates 1-10th of an inch deep in 12 hours; 
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which quantity, he obferves, will be found abundantly 
fofficient to furnifh all the rains, fprings, dews, &c. By 
this experiment, every 10 {quare inches of furface of 
the water yield in vapour per diem a cubic inch of water: 
and each fquare foot half a wine pint ; every fpace of 
4 feet fquare, a gallon; a mile fquare, 6914 tuns ; and 
a {quare degree, of 69 Englith miles, will evaporate 33 
millions of tuns a day; and the whole Mediterranean, 
computed to contain 160 fquare degrees, at Teaft 5280 
millions of tuns each day. Philof. ‘T'ranf. number 189, 
or Abridg. vol. 2, pa. 108.—2. A furface of 8 fquare 
inches, evaporated purely by the natural warmth of the 
weather, without either wind or fun, in the courfe of a 
whole year, 16292 grains of water, or 64 cubic inches 5 
confequently, the depth of water thus evaporated in one 
‘year, amounts to 8 inches. But this being too little 
to anfwer the experiments of the French, who found 
that it rained 19 inches of water in one year at Paris; 
or thofe of Mr. Townley, who found the annual guan- 
tity of rain in Lancathire above 40 inches ; he con-* 
cludes, that the fun and wind contribute more to Eva- 
poration than any internal heat or agitation of the we- 
ter, In effect, Dr. Halley fixes the annual Evapora- 
tion of London at 48 inches ; and Dr. Dobfon ftates 

the fame for Liverpool at 36} inches. Philof. Tranf. 
vol. 67, Pe 252+ ' 

3. ‘The effet of the wind is very confiderable, on a 

double account ; for the fame obfervations fhew a very 
odd quality in the vapours of water, viz, that of adher- 
ing and hanging to the furface that exhaled them, 
which they othe as it were with a fleece of vapour- 
ous air; which once invefting the vapour, it afterwards 
rifes in much lefs quantity. Whence, the quantity of ¢ 
water loft in 24 hours, when the air is very itill, was 
very fmall, in proportion to what went off when there 
was a ftrong gale of wind abroad to diffipate the 
fieece, and make room for the emiffion of vapour ; and 
this, even’though the experiment was made in a place 
as clofe’ from the wind as could be contrived. Add, 
that this fleece of water, hanging to the furface of wa- 
ters in {till weather, is the occafion of very ftrange ap- 

earances, by the refraction of the vapours differing 
rom and exceeding that of common air: whence every 
thing appears raifed, as houfes like fteeples, fhips as 
on land above the water, the land raifed, and as it 
were lifted from the fea, &c. 

4. The fame experiments fhew that the Evapora- 
tion in May, June, July, and Augult, which are nearly 
equal, are about three times as great as thofe in the 
months of November, December, January, and Febru- 
ary. Philef. Tranf. numb. 212, or Abr. vol. 2, pa. 110. 

‘Dr. Brownrigg, in his Art of making common falt, 
‘pa. 189, fixes the Evaporation of fome parts of Eng- 
jaud at 73-8 inches during the months of May, June, 
July, and Auguft ; and the Evaporation of the whole 
Year at more than 140 inches. But the Evaporation 
Of the four fummer months at Liverpool, on a medium 
of 4 years, was found to be only 18°88 inches. Alfo 
Dr. Hales calculates the greateft annual Evaporation 
from the furface of the earth in England at 6°66 inches; 
and therefore the annual Evaporation from a furface 
of water, is to the annual Evaporation from the furface 
of the earth at Liverpool, nearly as 6 to 1. Philof. 
‘Trant, vol. 67, ubi fupra. 
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In the ‘Lranfadtions of the American Philofophical 
Society, vol. 3, pa. 525, there is an ingenious paper on 
Evaporation, b Dr. Wiftar. It is there thewn, that 
evaporation arifes when the moift body is warmer thaa 
the medium it,is inclofed in. And, on the contrary, 
it acquires moifture from the air, when the body is the 
colder. his carrying off, and_acquiring of moifture, 
it is fhewn, is by the paffage of heat out of the body, 
or into it. 

EUCLID, of Megara, a celebrated philofopher and 
logician; he was a difciple of Socrates, and flourifhed 
about 400 years before Chrift. The Athenians having 
prohibited the Megarians from entering théir city on 
pain of death, this philofopher difguifed himlelf in wo- 
men’s clothes to attend the leétures of Socrates. After 
the death of Socrates, Plato and other philofophers 
went to Euclid at Megara, to thelter themfelves from 
the tyrants who governed Athens.—This philofopher 
admitted but one chief good; which he at different 
times called God, or the Spirit, or Providence. 

Eucuip, the celebrated mathematician, according 
to the account of Pappus and Proclus, was born at 
Alexandria, in Egypt, where he flourifhed and taught 
mathematics, with great applaufe, under the reign of 
Ptolomy Lagos, about 280 years before Chriit. And . 
here, from his time, till the conquett of Alexandria by 
the Saracens, all the eminent mathematicians were 
either born, or ftudicd ; and it is to Euclid, and his 
fcholars, we are beholden for Eratoithenes, Archi- 
medes, Apollonius, Ptolomy, Theon, &c, &c. He re- 
duced into regularity and order all the fundamental 
principles of pure mathematics, which had been de- 
livered down by Thales, Pythagoras, Eudoxus, and 
other mathematicians before him, and added many 
others of his own difcovering: on which account it, is 
faid he was the firft who reduced arithmetic and géo- 
metry into the form of a fcience. He likewife applied 
himfelf to the Rudy of mixed mathematics, particularly 
to aftronomy and optics. 

His works, as we learn from Pappus and Proclus, are 
the Elements, Data, Introduition to Harmony, Phenomena, 
Optics, Catoprics, a Treatife of the Divifion of Super cies y 
Porifms, Laci ad Superficiem, Fallacies, and Four books of 
Conics. The moft celebrated ofthefe, is the firft work, 
the Elements of Geometry 3 of which there have been 
numberlefs editions, in all languages; and a fine edi- 
tion of all his works, now extant, was printed in 1703, 
by David Gregory, Savilian profeffor of aftronomy at 
Oxford. 

The Elements, as commonly publithed, confift of rg 
books, of which the two laft it is fufpeéted are not 
Enclid’s, but a comment of Hypficles of Alexandria, 
who lived 200 years after Euclid. They are divided 
into three parts, viz, the Contemplation of Superficies 
Numbers, and Solids: ‘Ihe firft 4 books treat of y 
oaly; the 5th of the proportions of magnitudes In ge- 
neral ; the 6th of the proportion of plane figures ; the 
qth, 8th, and oth give us the fundamental properties 
of numbers; the soth contains the theory of commen- 
furable and incommenfurable lines and {paces ; the 11th, 
r2th, 13th, 14th, and rgth, treat of the do@trine of 
folids. 

There is no doubt but, before Euclid, Elements of 
Geometry were compiled by Hippocrates of Chius, 

Eudoxus, 
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¥Eudoxus, Leon, and many others, mentioned by Pro- 
clus, in the beginning of his fecond book ; for he affirms 
that Euclid new ordered many things in the Elements 
‘of Eudoxus, completed many things in thofe of Thea- 
tetus, and befides ftrengthened fuch propofitions as be- 
fore were too flightly..or but fuperficially eftablifhed, 
with the moft firm aad. convirfcing demonttrations. 

Hiftory is filent as to the time of Euclid’s death, or 
his age. He is reprefented as a perfon of a courteous 
and agreeable behaviour, and in great efteem and fa- 
tuiliarity with king Ptolomy; who once afking him, 
whether there was any fhorter way of coming at geo- 
metry than by his Elements, Euclid, as Proclus tefti- 
fies, made anfwer, that there was no royal way or path 
to geometry. é 

EUDIOMETER, an inftrument for determining 
the purity of the air, or the quantity of pure and de- 
phlogifticated or vital air contained in it, chiefly by 
means of its diminution on a mixture with nitrous air. 

Inftruments of this kind have been but lately made, 
and that in confequence of the experiments and difco- 
veries of Dr. Prieftley, for determining the falubrity 
‘of different kinds of air. That writer having difcovered, 
that when nitrous air is mixed with any other air, their 
original bulk is diminifhed ; and that the diminution is 
nearly, if not exaétly, in proportion to its falubrity 5 
he was hence led to adopt nitrous air as a true teft of 
the purity of refpirable air; and nothing more feemed 
to be neceffary but an eafy, expeditious, and accurate 
method of eftimating the degree of diminution in dif 
ferent cafes ; and for this purpofe, the Eudiometer was 
‘contrived; of which feveral kinds have been invented, 
the principal of which are the following. 

I, The Eudiometer originally ufed by Dr. Prieftley 
is a divided glafs tube, into which, after having filled 
it with common water, and inverted it into the fame, 
‘one _meafure or more of common air, and an equal 

uantity of nitrous air, are introduced by means of a 
Pall phial, which is called the meafure ; and thus the 
diminution of the’ volume of the mixture, which is feen 
at once by means of the graduations of the tube, ine 
ftantly difcovers the purity of the air required. 

IL. The difcovery of Dr. Prieftley was announced 
to the public in the year 1772; and feveral perfons, 
both at home and abroad, prefently availed themfelves of 
it, by framing other more accurate initruments. The 
-firft of thefe was contrived by M. Landriani; an ac- 
count of which is publified in the 6th volume of Ro- 
fier’s Journal, for the year 1775. It confifts of a glafs 
tube, fitted by grinding toa cylindrical veffel, to which 
are joined two glafs cocks and a {mall bafon ; the whole 
‘being fitted to a wooden frame. In this inftrument 
Saatcknleer is ufed inttead of water; though that is at- 
tended with an inconvenience, becaufe the nitrous air 
adts upon the metal, and renders the experiment ambi- 
“guous. 

B HII. In 19777, Mr. Magellan publithed an account 
of three Eudiometers inveuted by himfelf, confifting of 

Jafs veffels of rather difficult conftrugtion, and trouble 
fine ufe. Mr. Cavallo obferves, that the conftru¢tion 
of all the three is founded.on 2 fuppofition, that the 
mixture of nitrous and atmofpherical air, having con- 
tinued for fome time to diminith, afterwards increafes 
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again ; which it feems is a miftake : neither do they 
give accurate or uniform refults in any two experiments 
nate with nitrous and common air of precifely the fame 
ity. 

2 IV. A preferable method of difcovering the’ purity 
of the air by means of an Eudiometer, is recommended 
by M. Fontana, of very great accuracy, ‘The inftru- 
ment is originally nothing more than a divided glafs 
tube, though the inventor afterwards added to ita com- 
plicated apparatus, perhaps of little or no ufe. The 
firft_ fimple Eudiometer confifted only of a glafs tube, 
uniformly cylindrical, about 18 inches long, and 3-4the , 
of an inch diameter within fide, the outfide being mark- 
ed with a diamond at fuch diftances as are exaétly filled 
by equal meafures of elaftic fluids : and when any parts 
of thefe divifions are required, the edge of a ruler, di- 
vided into inches and {maller parts, is held againft the 
tube, fo as that the firft divifion of the ruler may coin- 
cide with one of the marks onthe tube. The nitrous 
and atmofpherical air are introduced into this tube, in 
order to be diminifhed, and thence the purity of the 
atmofpherie air afcertained. 

V. M. Sauffure of Geneva has alfo invented an-Eudio« 
meter, which he thinks is more exa¢t than any of thofe 
-before defcribed.; the apparatus of which, is as follows : 
1. A cylindrical glafs bottle, with a ground.ftopple, con- 
taining about 5} ounces, which ferves as a.receiver for 
mixing the two airs,—2. A {mall ae phial, to ferve 
as a meafure, and is about one-third the fize of the re+ 
ceiver.—3. A, {mall pair of fcales that may weigh very 
exaQly.—4. Several glafs bottles, for containing the 
nitrous or other air to be ufed, and which may fupply 
the place of the recipient when broken. The method 
of ufing it is as: follows: The receitér is to be filled 
with water, clofed exadtly with its glafs ftopper, wiped 
dry on the Sutfide, and then weighed very nicely. Being 
then immerged in a veffel of water, and-held with the 
mouth downwards, the ftopple is removed, and, by 
means of a funnel, two meafures of common and one 
of nitrous air are introduced into it, one after another: 
thefe diminifh as foon as they come into contact; in 
confequence of which the water enters the recipient in 
proportionable quantity. After being ftopped and 
well fhaken, to promote the diminution, the receiver is 
to be opened again under water; then flopped and 
fhaken again, and fo on for three times fucceffively, 
after which the bottle is opped for the lait time under 
water, then taken out, wiped very clean-and dry, and 
It is plain that now, the 
bottle being filled partly with elaftic fluid and partl 
with water, it muft be lighter than when quite full of 
water ; and the difference between thofe two weights, 
fhows nearly what quantity of water would fill the {pace 
occupied by the diminifhed elattic fluid. Now, in 
making experiments with airs of different degrees of 
purity, the faid difference will be greater when the di- 
minution is lefs, or when the air is lefs pure, and vice 
verfa ; by which means the comparative purity between 
two different kinds of air is determined. : 

VI. But as this method, notwithitanding the encomi- 
ums beftowed on it by the inventor, is fubje&t to feveral 
errors and inconveniences ; to remedy all thefe, another 
inftrument was invented by Mrs Cavallo; the defcrip- 
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‘tion of which, being long, may be feen in his Treatifé 
on the Nature and Properties of Air, pa. 344. 
Other conftrutions of the Eudiometer have alfo been 
given by Mr. Cavendifh and Mr. Scheele. For farther 
informatien, fee Magellan’s Letter to Dr, Prieftley, 
containing the Defeription of a Glafs Apparatus, &c, 
and of New Eudiometers &cy 17775 pae 15 &C3 Prieft- 
Jey‘s Exp. and Obf. on Air, vol. 3, preface and appen- 
dix; the methods of Dr. Ingenhoufz in Philof. Tranf 
vol. 66, art. 15 3 fee aifo the Philof. ‘Tranf. vol. 73 5 
and Cavallo’s Treatife on Air, pa. 274) 315) 316, 3175 
~ 328, 340) 3445 and 834. oan 
EUDOXUS, of Cnidus, a city of Caria in Afia 
Minor, flourithed about 370 years before Chrift. He 
learned geometry from Arehytas, and afterwards tra- 
velled into Egypt to learn aftronomy and other fcien- 
ces. ‘T’here he and Plato ftudied together, as Laertius 
informs us, for the fpace of 13 years s and afterwards 
came to Athens, fraught with all forts of knowledge, 
which they had imbibed from the mouths of the prieils. 
Here Eudoxus opened a fchool ; which he fupported 
‘with fo much glory and renown, that even Plato, though 
this friend, is fia to have envied him. Eudoxus com- 
fed Elements of Geometry, from whence Euclid li- 
rally borrowed, as mentioned by Proclus, Cicero calls 
‘Endoxus the greateft aftronomer that had ever lived: and 
Petronius fays, he fpent the latter part of his life upon 
* the top of a very high mountain, that he might contem- 
late the ftars and the heavens with more convenience and 
lefs interruption : and we learn from Strabo, that there 
‘were fome remains of his obfervatory at Caidus, to be 
feen even in his time. He died in the 534 year of his 


age. 

eEVECTION, is ufed by fome aftronomers for the 
Libration of the moon ; being an inequality in her mo- 
tion, by which, at or near the quadratures, fhe is not 
jn a line drawn through the centre of the earth to the 
fun, as fhe is at the fyzygies, or conjunétion and oppo- 
fition, but makes an angle with that line of about 2° 
$1’. The motion of the moon about her axis only is 
equable, which rotation is performed exaétly in the fame 
time as fhe revolves about the earth; for which reafon 
jt is that the turns always the fame face towards the 
catth nearly, and would do fo exactly were it not that 
het menftrual motion about the earth, in an elliptic or 
bit, is not equable ; on which aceount the moon, feen 
from the earth, appears to librate a little upon her axis, 
fometimes from eaft to weft, and fometimes from welt 
to eat ; or fome parts in the eaftern limb of the moon 
go backwards and forwards a fmall fpace, and fome 
that were confpicuous, are hid, and then appear again. 

The term. Evection is ufed by fome aftronomers to 
denote that equation of the moon’s motion, which is 
proportional to.the fine of double the diftance of the 
moon from the fun, diminifhed by the moon’s ano- 
maly : this equation is not yct accurately determined 5 
fome ftate it at 1° 30’, others at 1° 16, kc. It is the 
greateit of all the moon’s equations, except the Equation 
of the Centre. 

EVEN Wunder, is that which can be divided into 
two equal whole numbers ; fuch as the feries of aiter- 
cwate numbers 2, 4, 6, 8, 10, &c. 

RVENLY Even Number, is that which an even num- 
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per meafures by aif even number j as 16, which the event 
fumber 8 meafures by the even number 2. 

Evenny Odd Number, is that which an even number 
meafures by an odd one ; as 30, which the even num-~ 
ber 6 meafures by the odd number 5. 

EVERARD’s Sliding Ruk, a particular fort of 
one invented by Mr. Thomas Everard, for the purpofe 
of gauging. See Suipinc Rute. 

EULER (Leowarp), one of the moft extraordi- 
nary, and even prodigious, mathematical geniufes, that 
the world ever produced. He was a native of Bafil, 
and was born April 15, 1707. The years of his in- 
fancy were paffed at Richen, where his father was mi- 
niiter. He was afterwards fent to the univerfity of 
Bafil; and as his memory was prodigious, and his ap- 
plication regular, he performed his academical talks 
with great rapidity ; and all the time that he faved by 
this, was confecrated to the itudy of mathematics, which 
foon became his favourite fcience.. The early progrefs 
he made in this fludy, added frefh ardour to_his appli- 
cation ; by which too he obtained a diltinguithed place 
in the attention and efteem of profeffor John Bernoulli, 
who was then one of the chief mathematiciansin Europe, 

In 1723, M. Euler took his degree as mafter of artsy 
and delivered on that occafion a Latin difcourfe, in 
which he drew a comparifon between the philofophy 
of Newton and the Cartefian fyitem, which was received 
with the greateft applaufe, ‘At his father’s defire, he 
next applied himfelf to the ftudy of theology and the 
oriental languages : and though thefe ftudies were fo- 
reign to his predominant propenfity, his fuccefs was 
confiderable even in this line : however, with his father’s 
confent, he afterward returned to mathematics as his 
principal obje€t. In continuing to avail himfelf of the 
counfels and infruétions of M. Bernoulli, he contracted 
an intimate friendfhip with his two fons Nicholas. and 
Daniel ; and it was chiefly in confequence of thefe con- 
neétions that he afterwards became the principal orna~ 
ment of the philofophical world. 

‘The project of erecting an academy ut Peterfburg, 
which had been formed by Peter the Great, was execut- 
ed by Catharine the rft; and the two young Bernoul- 
lis being invited to Peterfburg ia 1725, promifed Euler, 
who was defirous of following them, tbat they would 
ufe their endeavours to procure for him an advanta> 
geous fettlement in that city, In the mean time, by 
their advice, he made clofe application to the ftudy of 
philofophy, to which he made happy applications of his 
mathematical knowledge, in a differtation on the na- 
ture and propagation of found, and an anfwer to a prize 
queftion concerning the mafting of fhips ; to which the 
Academy of Sciences adjudged the accfit, or fecond 
rank, in the year 1727. From this latter difcourfe, 
and other circumftances, it appears that Euler had very 
early embarked in the curious and ofeful ftudy of naval 
archite&ture, which he afterward enriched with fo many 
valuable difcoverics. The ftudy of mathematics and 
philofophy however did not folely engage his attention, 
as he in the mean time attended the medical and botar 
nical le€tures of the profeffors at Bafil. 

Euler’s merit would have given him an eafy admif- 
fion to honourable preferment either in the magiftracy 
or univerfity of his native city, if both civil and acade~ 
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mical honours had aot been there diftributed by lot. 
The lot being againft him in a certain promotion, he 
left his country, fet-out for Peterfburg, and was made 
joint profeffor with his countrymen Ean and Da- 
niel Bernoulli in the univerlity of that city. ~ 

At his fir {ctting out in his new career,-he enriched 
the academical collection with many memoirs, which 
excited a noble emulation between hin and the Ber- 
noullis; an emulation that always continued, without 
cither degenerating into a felfihh jealoufy, or producing 
the leaft alteration in their friendfhip. It was at this 
time-that he carried to new degrees of perfection the 
integral calculus, invented the calculation by fines, re- 
duced analytical operations to a greater fimplicity, and 
thus was enabled to throw new light on all the parts of 
mathematical {cience, 

In 1730, M. Euler was promoted to the profeffor- 
fhip of natural philofophy ; and in 1733 he fucceeded 
his friend D. Bernoulli in the mathematical chair. In 
1735, a problem was propofed by the academy, which 
required expedition, and for the calculation of which 
fome eminent mathematicians had demanded the {pace 
of fome months. The problem was undertaken by 
Euler, who completed the calculation in three days, 
to the great aftonifhment of the academy: but the 
violent and laborious efforts it coft him threw him 
into a fever, which endangered his life, and deprived 
him of the ufe of his right eye, which afterward 
brought on a total blindnefe 

The Academy of Sciences at Paris, which in 1738 
had adjudged the prize to his memoir Concerning the 
Nature and Properties of Fire, propofed for the year 
1740 the important fubje& of the Tides of the Sea; a 
problem whofe folution comprehended the theory of 
the folar fyftem, and required the moit arduous calcu- 
lations, Euler's folution of this queftion was adjudged 
a matter-piece of analyfis and geometry ; and it was 
more honourable for him to fhare the academical prize 
with fach illuftrious competitors as Colin Maclaurin 
and Daniel Bernoulli, than to have carried it away 
from rivals of lefs magnitude. Seldom, if ever, did fuch 
a brilliant competition adorn the annals of the academy 5 
and perhaps no fubject, iy aaa by that learned body, 
was ever treated with fuch force of genius and accuracy 
of inveftigation, as that which here difplayed the phi- 
lofophical powers of this extraordinary triumvirate. 

In the year 1741, M. Euler was invited to Berlin 
to direét and affitt the academy that was there rijing in- 
to fame. On this occafion he enriched the lat volume 
of the Mifcellanies ( Melanges ) of Berlin with five me- 
moirs, which form an eminent, perhaps the principal, 
figure in that collection. hele were followed, with 
amazing rapidity, by a great number of important re- 
fearches, which are difperfed through the memoirs of 
the Pruffian academy ; a volume of which has been ree 
gularly publifhed every year fince its eftablifhment, in 
i744.- The labours of Euler will appear more efpe- 
cially aitonifhing, when it is confidered, that while he 
was enriching the academy of Berlin with a profufion 
uf memoirs, on the deepeft parts of mathematical {cience, 
containing always fome new points of view, often fu- 
blime truths, and fometimes difcoveries of great import- 
ance ; he ftill continued his philofophical contributions 
to the Peterburg academy, whofe memoirs difplay the 
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marvellous fecundity of his genius, and which granteg 
him.a penfion in 1742." 

It was with great difficulty that this extraordinary 
man, in 1766, obtained permiffion from the king of 
Proffia to return to Peterfburg, where he withed to 
pafs the remainder of his days. Soon after his return, 
which was gracioufly rewarded by the munificence of 
Catharine the 2d, he was feized with a violent diforder, 
which ended in the total lofs of his fight. A cataraa, 
formed in his left eye, which had been effentially dama- 
ged by the lofs of the other eye, and a too clofe applica- 
ton to ftudy, deprived him entirely of the ufe of that or- 
gan. It was in this diftrefling fituation that he didtatedte 
his fervant, a taylor’s apprentice, who was abfolutely de- 
void of mathematical knowledge, his Elements of Al- 
sors which by their intrinfic merit in point of per- 
[picuity and method, and the unhappy circumftances in 
which they were compofed, have equally excited won- 
der and applaufe. ‘This work, though purely clemen- 
tary, plainly difcovers the proofs of an inventive geuius; 
and it is perhaps here alone that we meet with a com- 
plete theory of the analyfis of Diophantus, 

About this time M. Euler was honoured by the 
Academy of Sciences at Paris with the place of one 
of the foreign members of that learned body; after 
which, the academical prize was adjudged to three of 
his memoirs, Concerning ihe Inequalities in the Motions of 
the Planets. The two prize queftions propofed by the 
fame Academy for 1770 and 1772 were defigned to 
obtain from the labours of aftronomers a more perfed ' 
Theory of the Moon. M. Euler, affifted by his eldeft 
fon, was a competitor for thefe prizes, and obtained 
them both. In this laft memoir, he referved for farther 
confideration feveral inequalities of the moon’s motion, 
which he could not determine in his firit theory, on 
account of the complicated calculations in which the 
method he then employed had engaged him. He af. 
terward revifed his whole theory, with the afliftance of 
his fon and Meffrs Krafft and Lexell, and purfued his 
refearches till he had conftruéted the new tables, which 
appeared, together with the great work, in 1772. Ia- 
ftead of confining himfelf, as before, to the fruitlefs in- 
tegration of three differential equations of the fecond — 
degree, which are furnifhed by mathematical principles, 
he reduced them to the three ordinates, which deter- 
mine the place of the moon: he divided into claffes all 
the inequalities of that planet, as far as they depend 
either on the elongation of the fun and moon, or upon 
the eccentricity, or the parallax, or the inclination of 
the lunar orbit. All thefe means of invefligation, ems 
ployed with fuch art and dexterity as could only be 
expected from a genius of the firft order, were at+ 
tended with the greateit fuccefs; and it is impoffible 
to obferve without admiration, fuch immenfe calcula. 
tions on the one hand, and on the other the ingenious 
methods employed by this great man to abridze them, * 
and to facilitate their application to the rea] motion of 
the moon. But this admiration will become attonifh- 
ment, when we confider at what period and in what 
circumftances all this was effeCtuated. It was wheo 
our author was totally blind, and: confequently obli- 
ged to arrange all his computations by the-fole powers 
of his memory and his. genius: it was when he waa 
embarraffed in hig domeitic affaire by a dreadful fire, * 
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that had ‘confumed great part of his fubftance, and 
forced him to quit a ruined houfe, every corner of which 
was known to him by habit, which in fome meafure 
fupplied the want of fight. It was in thefe circum- 
flances that Euler compofed a work which alone was 
fufficient to render bis name immortal. 

Some time after this, the famous oculift Wentzell, 
by couching the cataract, reftored fight to our author ; 
but. the joy produced by this operation was of fhort du- 
ration. Some inftances of negligence on the part of 
his furgeons, and his own impatience to’ ufe an organ, 
whofe cure was not completely finifhed, deprived him 
a fecond time and for ever of his fight : a rclapfe which 
was alfo accompanied with tormenting pain. With 
the affiftance of his fons, however, and of Mefirs Krafft 
and Lexell, he continued his labours; neither the in- 
firmities of old age, nor the lofs of his fight, could 
quell the ardour of his genius, He ‘had engaged to 
furnifh the academy of Peterfourg with as many me- 
moirs as would be fufficient to. complete its atts for 20 
years after his death. In the {pace of 7 years he tranf- 
mitted to the Academy above 70 memoirs, and above 
200 more, left behind him, were revifed and completed 
bey a friend. Such of thefe memoirs as were of ancient 
date were feparated from the reft, and form a collec. 
tion that was publifhed in the year 1783, under the title 
of Analytical Works. 

"The general knowledge of our author was more ex- 
tenfive than. could well be expected: in. one who had 
purfued, with fuch unremitting ardour, mathematics 
and aftronomy as his favourite Studies. He had made 
a very confidvrable progrefs in medical, botanical, and 
chemical {cience. What was {till more extraordinary, 
he was an excellent fcholar, and poffefled in a high 
degree what is generally called erudition. He had at- 
tentively read the molt eminent writers of ancient 
Rome ; the civil and literary hiftory of all ages and 
all nations was familiar to him; and foreigners, who 
were only acquainted with his works, were aftonifhed 
to find in the converfation of a man, whofe long life 
feemed folely occupied in mathematical and phyfical re- 

_ fearches and difcoveries, {uch an extenfive acquaintance 
with the moft interefting branches of literature. In. 
this refpe&, no doubt, he was much indebted to a 
very uncommon memory, which feemed to retain every 
idea that was conveyed to it, either from reading or 
from meditation. He could repeat the AEneid of Vir. 
gil, from the heginning to the end, without hefitation, 
and indicate the firft and laft line of every page of the. 
edition he ufed. 


Several attacks of a vertigo, in the beginning of Sep-. 


tember 4783, which did not prevent his computing: 
the mations of the aeroftatic globes, were however the 
forerunners of his mild paflage out of this life. While 
the waa amafing himfelf at tea with one of his grand- 
*ehildren, he was ftruck with an apoplexy, which ter- 
Jminated his illuftrious career at 76 years of age. 

M. Euler’s conftitution was uncommonly foag and 
‘igorous. His health was good; and the evening of 
his long life was calm and ferene, fweetened hy the 
fame that follows genius, the public efteem and refpe& 
that are never withheld from exemplary virtue, and fe- 
veral domeftic comforts which he was capable of feel- 
tno. and therefore deferved to enjoy. 
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The catalogue of his works has been: printed in 54. 
pages, 14 of which contain. the manufcript works.— 
The printed ones confift of werks publithed feparately, 
and works to be found in the memoirs of feveral Aca~ 
demies, viz,‘in 38 volumes of the Peterburg Ads, 
(from 6 to 10 papers in each volume).;—in feveral 
volumes of the Paris A&ts ;—in 26 volumes of the. 
Berlin A&ts, (about 5 papers to each volume) ;—in the 
A@a Eruditorum, in 2 volumes ;—in the Mifcellanea 
‘Taurinenfia ;—in vol. 9 of the Society of Ulyffingue ; 
—in the Ephemerides of Berlin ;—and in the Memoires 
de la Socicté Oeconomique for 1766. 

EVOLVENT, in the Higher Geometry, a term 
ufed by fome writers for the Involute, or curve refult- 
ing from the evalution of a curve, in contradiftin@ion 
to that evolute, or curve fuppofed to be opened or 
evolved. See Evoture, and Invotute. 

EVOLUTE, in the Higher Geometry, a curve firft 
propofed by M. Huygens, and fince much ftudied by 
the later mathemati¢ians. It is any curve fuppofed to 
be evolved or opened, by having a thread wrapped 
clofe upon it, faftened at one end, and beginning to 


_ evolve or unwind the thread from the other end, keep- 


ing se ey evolved, or wound off, tight ftretched ; then 
this end of the thread will defcribe another curve called. 
the Involute.. Or the fame involute is defcribed the 
contrary way, by wrapping the thread upon the Evo~ 
lute, keeping it always itretched, 

Thus, if EFGH be any curve, and AE either a 
part of the curve, or a right line ; then if a thread be 
wound clofe upon the curve from A to H, where it is 
fixed, and then be unwound from A; the curve 
AEFGH, from which it is evolved, is called the Evo- 
lute ; and the other curve ABCD defcribed by the end 
of the thread, as it evolves or unwinds, is the Involute. 
Or, if the thread HD, fixed at H, be wound or 
wrapped upon the Evolute HGIEA, keeping it al- 
ways tight, as at the feveral pofitions of it HD, GC, 
FB, EA, the extremity will defcribe the Involute- 
curve DCBA. : 


Ba 





F~¢ ¢ 


From this defeription it appears, 1. That the pai 
of the thread at any politions “as EA, FB, GC, Ep, 
&e, are radii of curvature, or ofculatory radii, of the 
involute curve, at the points A, B, C, D. 

z. The fame parts of the thread are alfo equal to 
the correfponding lengths AE, AEF, AEFG, &c, of 
the Evolute ; that is, 


AE = AE is the rad. of curvature to the point A, 


BF =AF . = Z . B 
CG =AG e : ag Cc 
DH=AH . .., Ls 


ae me . 
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g. Any radius of curvature BF, is perpendicular 
‘to the involute at the ‘point B, and is a tangent to-the 
Evolute curve at the point F. : . 

. 4. The Evolute is the locus of the centre of curva- 
ture of the involute curve. 

The finding the radii of Evolutes, is a matter of 
great importance in the higher f{peculations of geome- 
try ; and is even fometimes fetal in pra@tice; as is 
fhewn by Huygens, the-inventor of this theory, in ap- 

lying it to the pendulum. Horol. Ofcil. part 3- 

he doétrine of the Ofcula of Evolutes is owing to 
M. Leibnitz, who firft fhewed the ufe of Evolutes in 
the meafuring of curvatures. 

To find the Evouute and Iuvolute Curves, the one 
from the other. 

For this purpofe, put 
x = AD the abfcifs of the involute, 

y = DB its ordinate, 

% =: AB the involute curve, 

r = BC its radius of curvature, 

wv = EF the abfcifs of the Evolute;. 

u == FC its ordinate, and 

ac AE a given line, (ftg. 2 above). 

Then, by the nature of the radius. of curvature, it is 
z 3 

= a 


BH 





_ re xz 


&idketer: 






FC = AD—AE + GC =+~a + =— 
‘| JE — XY 


which are the values of the abfcifs and‘ ordinate of the 
Evolute curve EC ; and therefore thefe may be found 
when the involute is given. 
On the other hand, if v and u, or the Evolute be 
iven: then, putting the given curve EC = 5; fince 
CB = AE + EC, or r=a+s, this gives r the radius 
of curvature. Alfo, by fimilar triangles, there refult 
thefe proportions, viz, 


ats: 








iurtrias —v = GB, 
s f P 
piu: rt fT) = GC; there. 


5 $ ahe. 
AD =AE+FC~GC Sa fu- aw ay 


and DB = GB-EF =“? %5-0=y; 


S 
which are the abfcifs and ordinate of the involute 
curve, and which may therefore be found when the 
Evolute is given. Where it may be noted that s? = 
vt fut, and 2? = a? +y?. Alfo either of the quan- 
tities x, y, may be {uppofed to. flow equably, in which 
cafe the refpective fecond fluxion ¥ or y will be nothing, 
‘ and the correfponding term in the denominator jj —27 
will vanifh, leaving only the other term in it; which 
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= BC=AE + EC; alfo by fim. triangles,. 


EVO 
Drie have the effet of rendering the whole’ operatic. 


Te. 

‘or Ex. Suppofe it were required to find the Evo- 
lution EC when the given involute AB is the common, 
parabola, whofe equation is px = 9, the parameter 
“being p. 

Herey = o/px, 5 = pt yt, and j= — pha ts, 
making ¥=0. Then, to find firft AE the radius of 
curvature of the parabola AB at the vertex, when 
#=0, the general value of the radius of curvature: 


5 NE 
ao PH 





above given becomes r == =° ara = (by fub- 
. Spank . 
fituting the value of j and 5 &c) te — which is the 


general value ofr or BC, the radius of curvature, 
for any value of # or AD. and: when « or AD is=0 
ar nothing, the value of r; or AE, becomes then 





73> 4p only; that is. half the parameter of 


the axis is the radius of curvature at the vertex of the 
parabola. 

Again, in the general values of w and w above given, 
by fubftituting the values of J, ¥, and &,, alfo o for ¥5. 
and ip-for a; thofe quantities become 


at XP py? 4st Ve 
oe = ya ey Se OE =; and 
= J =F J PE 4x ? 3 
ye 


wr r—a —_— = 
+= 


gx+ ap — a = BH 
Hence then, comparing the values of v and. u, there is: 


found aptv = axtu, and 2790? = 1643; which i the 
equation between the abfcifs and ordinate of the Evo- 
lute curve EC, fhewing it to be the femicubical para-. 
bola. 

In like manner the Evolute to any other curve is 
found.—The Evolute to the common cycloid, is an 
equal cycloid ; a property firft demonftrated by Huy- 
gens, and which he ufed as a contrivance to make a 
pendulum vibrate in the curve of a cycloid. See his. 
Horolog. Ofcil. See alfo, on the fubje&t of Evolute 
and Involute Curves, the Fluxions of Newton, Mac- 
laurin, Simpfon, De l’Hépital, &c, Wolf. Elem, Math. 
tom. 1, &c, &c. 

M. Varignon has applied the doétrine of thie radius 
of the Evolute, to that of central forces ; fo that hav- 
ing the radius of the Evolute of any curve, there may 
be found the value of the central force of a body 5 
which, moving in that curve, is found in the fame point. 
where that radius terminates; or reciprocally, haviig 
the central force given, the radius of the Evolute may 
be determined. Hift. de l’Acad. an. 1706. 

The variation of curvature of the line defcribed by 
the Evolution of a curve, is meafured by the ratio of. 
the radius of curvature of the Evolute, to the radiua 
of curvature of the line deferibed by. the Evolution, 
See Maclaurin’s Flux. art. 402, prop. 36. 

Imperfet Evovurs, a name giver by M. Reaumur 
to a new kind of Evolute. The mathematicians had 
hitherto only confidered the perpendiculars let fall from 
the Involute on the convex fide of the Evolute : oe if 

others. 


EXC 


other linés not perpendicular be drawa upon the fame 
points, provided they be all'drawn under the fame 
angle, the effe@ will fill ie the fame ; that is, the ab- 
lique lines will all interfe@t in the curve, and by their 
interfeGtions form the infinitely {mall fides of a new 
curve, to which they would be fo many tangents.— 
Such a curve is a kind of Evolute, and has its radii; 
but it is an Imperfe& one, fince the radii are not per- 
hese’ to the firft curve, or Involute. Hitt. de 
PAcad. &c, an. 1709. 

EVOLUTION, in Arithmetic and Algebra, de- 
notes the Extraction of the roots out of powers. In 
which fenfe it ftands oppofed to Involution, which is 
the raifing of powers. ‘I'he note or character that has 
been ufed by iome Algebraifts, to denote Evolution, is 
uy ; as the tign of involution is @v: charaéters I think 
firft ufed by Dr. Pell. . 

Evorution, in Geometry, the opening, or unfold- 
ing of a curve, and making it deferibe an Evolvent. 

The equable Evolution of the periphery of a circle, 
or other curve, is fuch a gradual approach of the circum- 
ference to rectitude, as that its parts do all concur, and 
equally evolve or unbend; fo that the fame line be- 
comes fucceffively a lefs are of a reciprocally greater 
circle ; till at laft they .change into a itraight Tacme 
In the Philof. Tranf. N° 260, a new quadratix to the 
circle is found by this means, being the curve defcribed 
by the equable Evolution of its periphery. 

EURYTHMY, in Architeéture, Painting, and 
Sculpture, isa kind of majefty, elegance, and eafinefs ap- 
pearing in the compofition of certain members or parts 
of a body, building, or painting, and refulting from the 
fine and exaét proportions of them. 

EUSTYLE, is the beft manner of placing columns, 
with regard to their diftance; which, according to 
Vitruvius, fhould be four modules, or two diameters and 
a quarter, 

EXAGON. See Hexacon. 

EXALTATION, in Aftrology, isa dignity which 
a planet acquires in certain figns of the zodiac 3 which 
dignity, it is fuppofed, gives the planet an extraordinary 
virtue, efficacy, and influence. The oppofite fide of 
the zodiac is called the Dejeétion of the planet. 
Thus, the rgth degree of Cancer is the Exaltation of 
Jupiter, according te Albumavzar, becaufe it was the 
afcendant of that planet at the time of the creation $ 
that of the fun is in the 19th degree of Aries ; and its 
dejeétion in Libra; that of the moon is in Taurus, &c. 
Ptolomy gives the reafon of this in his firft book De 
Quis rtita. 

EXCENTRIC, is applied to fuch figures, circles, 
Spheres, &c, as have not the fame centre; as oppofed 
to Concentric, which have the fame centre. 

Excentric, or Excentric Circle, in the ancient Pto- 
Jomaic aftronomy, was the very orbit of the planet ite 
felf, which it was {uppofed to defcribe about the earth, 
and which was conceived Excentric with it; called alfo 
the Deferent. 

Inftead of thefe Excentric Circles round the earth, 
the moderns make the planets defcribe elliptic orbits 
about the fun ; which accounts for all the irregularities 
ef their motions, and their various diflances from the 
earth, &c, more juftly and naturally. 
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Excenrarc, or Excentric Circle, in the New Aftro. 
nomy, is the circle defcribed from the centre of the or- 
bit of a planet, with half the greateft axis as a radius 3, 
or it is the circle that circumfcribes the elliptic orbit of 
the planet ; as the circle AQB. 


Excentaic Anomaly, or A- 
nomaly of the Centre, is an arc 
AQ of the Excentric circle, 9 ig 
intercepted between the aphe- 
lion A, and the right line 
QH, drawn through the cen- 
tre P of the planet perpendi- 
cular to the line of the apice 
AB. 


A, 





B : 

Excentrric Equation, in the Old Aftronomy, is an 
angle made by a line drawn from the centre of the 
earth, with another line drawn from the centre of the 


Excentric, to the body or place of any planet. Thio 
is the fame with the profthapherefis; and is equal te 
the difference, accounted in an arch of the ecliptic, be- 
tween the real and apparent place of the fun or planet. 
See Equation of the Centre. 

Excentaic Place of a planet, in its orbit, is the He- 
locentric place, or that in which it appears as feen from 
the fun. 

Excentric Place in the ecliptic, is the point of the 
ecliptic to which the planet is referred as viewed from 
the fun; and which coincides with the heliocentric 
longitude. 

EXCENTRICITY, is the diftance between the 


- centres of two circles, or fpheres, which have not the 


fame centre. 

Excenraricity, in the Old Aftronomy, is the diftance 
between the centre of a planet and the centre of the 
earth.—That the planets have fuch an Excentricity, is 
allowed on all fides, and may be evinced from various 
circumftances ; and efpecially this, that the planets at 
fome times appear larger, and at others lefs ; which can 
only proceed from hence, that their orbits being Ex- 
centric to the earth, in fome parts of thofe orbits the 
planets are nearer to us, and in others more remote. 
‘And as to the Excentricities of the fun and moon, it 
is thought they are fufficiently proved, both from eclip- 
fes, from the moon’s greater and lefs parallax at the 
fame diftance from the zenith, and from the fun’s con- 
tinuing longer by 8 days in the northern hemifphere 
than in the fouthern one. 

Excentaiciry, in the New Aftronomy, is the dif. 
tance CS between the fun S and the centre C of a 
planet’s orbit ; or the diftance of the centre from the 
focus of the elliptic orbit ; called alfo the Simple or 
Single Excentricity. 

When the greateft Equation of the centre is given, 
the Excentricity of the earth’s orbit may be found by 
the following proportion ; viz, 

As the diameter of a circle in degrees, 

Is to the diameter in equal parts ; 

So the greatefl equat. of the centre in degrees, 

To the Excentricity in equal parts. Thus, 
Greateit equat. of the cent. 19 55’ 33”== 199258333 &e. 
The diam. of a circ. being 1, its circumf. is 371415926. 
‘Then 371415926: 360°: 114°°591 5609 diam, indeg. 
And 114°5915609 31°9258333 : 0°016806, the Ex 

- : Hence, 
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Hence, by adding this to 1, and fubtracting it from 1, 
gives 1:016806 = AS the aphelion diitance, 

‘and 0983194 = BS the perihelion diftance. 
See Robertfon’s Elem. of Navig. book 5, pa. 286. 

Otherwife, thus; Since it is found that the fun’s 
preateft apparent femi-diamcter is to his leat, as 
32! 43'7 to 31/ 38%, or as 1963” to 1898” ; the fun’s 
greateit diftance from the earth will be to his Jeaft, or 
AS to SB, as 1963 to 1898 ; of which, 

the half dif. is 32} = CS, 

and half fum 19301 = CB; wherefore, 
a8 1930}: 32h 2: 1 : 016835 = CS the Excentricity, 
to the mean diftance cy femi-axis 1; which is nearly the 
fame as before. 

The Excentricities of the orbits of the feveral pla- 
pets, in parts of their own mean dillances 1900, and 
alfo in Englifh miles, are as below, viz, the Excentri- 
city of the orbit of 





Parts. Miles. 
Mercury - - 210 = 7:7 32,000 
Venus “os J -- 482,090 
Earth - 7 - - 1,618,000 
Mars -- 93 - - 13,486,000 
Jupiter. - 45 - - 23,760,000 
Satun = « 55 - =  49:940,000 
Georgian - - 41h - 86,0c0,000 


Double Excexteiciry, is the dittance between the 
two foci of the elliptic orbit, and is equal to double the 
Single Excentricity above given. 

EXCHANGE, in Arithmetic, is the bartering or 
exchan, ing the money of one place for that of another ; 
or the Endiog what quantity of the money of one place 
is equal to a given fum of another, according to a given 
courfe of exchange. 

The feveral operations in this cafe are only different 
applications of the Rule of Three. See moft books of 
Arithmetic. 

Arbitration of Excuance, is the method of remit- 
ting to, and drawing upon, foreign plices, in fuch a 
manner as fhall turn out the moft profitable, 

Arbitration is either Simple or Compound. 

Simple Arbitration refpeéts three places only. Here, 
by comparing the par of arbitration between a firft and 
fecond place, and between the rift anda 3d, the rate bes 
tween the 2d and 3d is difcovered ; from whence a per- 
fon can judge how to remit or draw to the meft advan- 
tage, and to determine what that advantage is. 

Compound Arbitration refpeéts the cafes in which the 
exchanges among three, four, or more places are 
concerned. A perfon who knows at what rate he can 
draw or remit dire@tly, and alfo has advice of the courfe 
of exchange in foreign parts, may trace ont a path for 
circulating his money, through more or fewer of fuch 

laces, and alfo in fuch order, asto make a benefit of 
fis fkilland credit: and in this lies the great art of fuch 
negociations. See my Arithmetic, pa. 105, &c. 
EXCURSION, in Aftronomy. See Eronea- 
TION. 
Circles of Excursion. See Circres. 
EXEGESIS, or Execerica, in Algebra, is the 
finding, either in numbers or lines, the roots of the 
“equation of a problem, according as the problem is 
sither numeral or geometrical. 
i 
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EXHALATION, a fume or fteam Exhbling, or 
iffuing, from a body, and diffafing itfelf in the atmo- 


_ fphere. 


~ The terms Exhalation and Vapour are often ufed in- 
differently ; but the more accurate writers diftinguith 
them, appropriating the term Vapour to the moift, 
fumes railed from water and other liquid bodies; and 
the term Exhalation to the dry ones emitted from folid 
bodies; as earth, fire, minerals, &c. In this fenfe, 
Exhalations are dry and fubtle corpufcles, or effluvia, 
loofened from hard terreitrial bodies, either by the 
heat of the fun, or the a€tion of the air, or fome other 
caufe: being emitted upwards to a certain height in 
the atmofphere, where, mixing with the vapours, they 
help to conititute clouds, and return back in dews, 
milts, rains, &c. 

Sir Maac Newton thinks, that true and permae 
nent air is formed from the Exhalations raifed from the 
hardeit and moft compaé bodies. 

EXHAUSTED Receiver, isa glafs, or other vef- 
fel, applied on the plate of an air- ump, to have the 
air extracted out of it by the working of the pump.— 
‘Things placed in fuch an Exhaufted Receiver, are faid 
to be m vacua, 

EXHAUSTIONS, or the Method of Exuausrt- 
ons, a method of demonftration founded upona kind 
of Exhaulting a quantity by continually taking away 
certain parts of it. , 

The method of Exhauflions was of frequent ufe 
among the ancient mathematicians ; as Euclid, Archi- 
medes, &c. It is founded on what Euclid fays in the 
toth book of his Elements; viz, that thofe quantities 
are equal, whofe difference is lefs than any aflignable 
quantity, Or thus, two quantities A and B are equal, 
when, if to or from one of them as A, any other 
quantity as d be fubtracted, however fmall it be, then 
the fum or difference is refpectively greater or lefs than 
the other quantity B: viz, d being an indefinitely 
{mall quantity, 

if A+dbe greater than B, 

and A — d lefs than B, 
then is A equal to B. 

This principle is ufed in the rft prop. of the roth 
book, ‘which imports, that if from the greater of two 
quantities be taken more than its half, and from the re~ 
mainder more than its half, and fo on; there will at 
length remain a quantity lefs than either of thafe pro~ 
pated: On this foundation it is demonftrated, that if a 
regular polygon of infinite fides be infcribed in a circle, 
or circumferibed about it; then the fpace, which is the 
difference between the circle and the polygon, will by 
degrees be quite exhaufted, and the circle become ulti- 
mately equal to the polygon. And in this way it is 
that Archimedes demonftrates, that a circle is equal to 
aright-angled triangle, whofe two fides about the right 
an; rle, are equal, the one to the femidiameter, and 
the other to the perimeter of the circle. Prop. 1 De 
Dimenfione Circuli. 5 

Upon the Method of Exhauftionsdepends the Method 
of Indivifibles introduced by Cavalerius, which is bat a 
fhorter way of exprefling the method of Exhanftions ; as 
alfo Wallis’s Arithmetic of Infinites, which is a farther 
improvement of the Method of Indivifibles ; and hence 
alfo the Methods of Increments, Differentials, Fluxions, 
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and Infinke Series. See fome account of the Method 
of Exhauttions in Wallis’s Algebra, chap. 73s and in 
Ronayne’s Algebra, part 3, Pa. 395+ 
| EXPANSION, is the dilating, ftretching, or 
fpreading out of a body; whether from any external 
caufe, as the caufe of rarefaGtion, or from an internal 
caufe, aselalticity. Bodies naturally expand-by heat 
beyond their dimenfions when cold ; and hence it hap- 
pens that their dimenfions and fpecific gravities are dif. 
ferent in different temperatures and feafons of the year. 
Air comprefled or condenfed, as foon as the comprefling 
or condenfing force is removed, expands itfelf by its 
elaftic power to its former dimenfions. 

In fome few cafes indeed bodies feem to expand as 
they grow cold, as water in the act of freezing : but it 
feems this is owing to the extrication ofa number of air 
bubbles from the fluid at a certain time ; and is not at 
all a regular and gradual expanfion like that of metals, 
&e, by means of heat. Mr. Boyle, in his Hiftory of 
Cold, faye that ice takes up one 12th part more {pace 
than water ; but by Major Williams’s experiments on 
the force of freezing water, T have found it occupies 
but about the 17th or 18th part more fpace. Tranfac. 
‘of the R. Soc. of Edinb. vol. 2, pa. 28. In certain me~ 
tals alfo, an Expanfion takes place when they pafs from 
a fluid to a folid ftate: but this too is not to be ac- 
counted any proper effe&t of cold, but of the arrange- 
ment of the parts of the metal in a certain manner ; and 
is therefore to be accounted a kind of cryftallization, 
gather than any thing elfe. . 

The Expanfion of different bodies by heat is very 
warious ; and many experiments upon it are to be met 
with in the volumes of the Philof. ‘Tranf. and elfewhere. 
In the 48th vol. in particular, Mr. Smeaton has-given 
atable of the Expanfion of many different fubftances, as 
determined by experiment, from which the followin: 
particulars are extraéted. Where it is to be noted, 
that the quantities of Expanfion which anfwer to 
x80 degrees of Fahrenheit’s thermometer, are expref- 
fed in ten-thoufandth parts of an En Jifh inch, each 
fubftance being 1 foot or 12 inches in length. 


"White glafe barometer tube « - -, oO 
Martial regulus of antimony - « - 130 
Bliftered fleel - - 7 es 138 
Hard fteel - 6o, fe ie : 147 
Tron - - - - - 1st 
Bifnuth - - - = 167 
Copper hammered - - = 204 
Copper 8 parts, mixed with 1 oftin - = 218 
Cah brafs - - - a - 225 
Brafs 16 parts, with tin 1 - - : 229 
Brafs wire - - - 5 232 
Speculum metal - - 2 - 232 
Spelter folder, viz. brafs 2 parts, zink & - 247 
Fine pewter - - S a 274 
Grain tin - - - - 298 
Soft folder, viz. lead 2, tin 1 - = 301 
Zink 8 parts, tin I, 2 little hammered = 323 
Lead - - - 3 , 344 
Zink or Spelter - - a 353 
Zink’ hammer’ £ an inch per foot - 6 373 


By other experiments too it has been found that, for 
each degree of heat of the thermometer, mercury, wa- 
4 
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ter, andair, expand by the following parts of theie 
own bulk, viz, 


Mercury the g60oth 
Water the 6666th } part of its bulk. . 
Air the 435th 


From the foregoing table it appears, that there is no 
general rule for the degree o: Expanfion to which 
Bodies are fubjeé&t by the fame degree of heat, cither 
from their fpecific gravity or otherwife. Zink, which 
is much lighter than lead, expands more with heat 5 
while glafs, which is lighter than either, expands much 
lefs ; and copper, which is heavier than a mixture of 
brafs and tin, expands lefs. 

Tt feems too that metals obferve a proportion of Ex- 
panfion in a fluid fate, quite different from what they 
do ina folid one: For regulus of antimony f<emed to 
fhrink in fixing, after being melted, confiderably more 
than zink. 

But of all known fubftances, thofe of the aérial kind 
expand moft by an equal degree of heat ; and in general 
the greater quantity of latent heat that any fubftance 
contains, the more eafily is it expanded ; though even 
here no general rule can be formed. It is indeed cer- 
tain that the denfeft fluids, fuch as mercury, oil of vi- 
triol, &c, are lefs expanfible than water, fpirit of wine, 
or ether.. Which lait is fo eafily expanded, that were 
it not for the preffure of the atmofphere it would be ina 
continual itate of vapour. And indeed this is the cafe, 
infome meafure, with perhaps all fluids; as it has been 
found, by experiments with the beft air-pumps, that 
water, and other fluids, afcend in vapours the more as 
the exhauftion is the more perfe& ; from which it 
would feem that water would wholly rife in vapour, in 
any temperature, if the preffure of the atmofphere was 
entirely taken off, 

‘After bodies are reduced to a vaporous ftate, their 
Expanfion feems to go on without any limitation, in 

roportion to the degree of heat applic though it 
Tnay be impoffible to fay what woul id be the ultimate 
effects of that principle upon them in this way. The 
force with which thefe vapours expand on the applica- 
tion of high degrees, is very great ; nor does it appear 
that any obftacle whatever is infuperable by them. 

On this principle depend the tteam engines, fo much 
ufed in various mechanical operations ; likewife fome 
hydraulic machines ; and the inftruments called mano- 
meters, which thew the variation of gravity in the ex- 
ternal atmofphere, by the expanfion or condenfation of 
a {mall quantity of air confined in a proper veffel. On 
this principle alfo, perpetual movements might be cone 
firuéted fimilar to thole invented by Mr. Coxe, on the 
principle of the barometer. Anda variety of other 
curious machines may be conftructed on the principle of 
aérial expanfion ; an account of fome of which is given 
under Hyprostatics and Preurtarics. 

On the principle of the Expanfion of fluids are con- 
ftruéted ‘Thermometers. And for the effects of the differ- 
ent Expantions of metals in correCting the errors of 
machines for meafuring time, fee the article Penpv- 
LUM. 

The Expanfion of folid bodies is meafured by an in- 
firument called the Pyrometer; and the force with 
which they expand is {till greater than that of aérial va~ 
pours; the flame of a farthing candle produces an 

Expanfion 
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Expanfion in a bar of iron capable of counteracting a 
weight of 500 pounds, The quantity of expanfion 
however is fo {mall, that it has never been applied to the 
movenrent of any mechanical engine. 7 
EXPECTATION, in the Do@rine of Chances, is 
applied to any contingent event, upon the happening 
‘of which fome benefit &c is expeéted. This is capa- 
ble of being reduced to the rules cf computation: fora 
fum of money in Expectation when a particular event 
happens, has a determinate value before that event hap- 
pens. Thus, ifa perfon is to receive any fum, as tol, 
when an event takes place which has an equal chance or 
probalsility cf happening and iziling, the value of the 
Expectation is half that fum or 5.: but if there are 
3 chances for failing, and only 1 for its happening, or 
‘one chance only in its favour out of all the 4 chances ; 
then the probability of its happening is only 1 ovt of 
4, ord, andthe value of the Expectation is but 2 of 
tol. which is only 21. rcs. er half the former fum, And 
in all cafes, the value of the Expefation of any fum is 
found by multiplying that fum by the fraction expref- 
ting the probability of obtaining it. So the value of 
the Expeétation on rool. whten there are 3 chances out 
of 5 for obtaining it, or when the probability of ob- 
taining it is 3, is 4 of rool. which is 6ol. And if s be 
any fum expeéted on the happening of an event, 4 the 
chances for that event happening, and the chances for 
its failing ; then, there being 4 chances out of f -+ h for 





its happening, the probability will be » and the 


4 
+h 
value of the expeétation is x s. See Simpfon’s 


: Fe +h 
or De Moivre’s Doétrine of Chances, 
Expectation of Life, inthe Dodtrine of Life An- 
nuities, isthe hare, or number of years of life, which 
a perfon of a given age may, upon an equality of chance, 
expedt to enjoy. 
ry the Expeétation or fhare of life, fays Mr. Simp- 
fon (Seleét Exercifes pa. 273), is not here to be un- 
derftood that particular period which a perfon hath an 
equal chance of furviving ; this laft being a different, 
and more fimple confideration, The Expectation of a 
life, to put it in the moft familiar light, may be taken 
as the number of years at which the purchafe of an an- 
puity, granted upon it, without difcount of money, 
ought to be valued. Which number of years will dif- 
fer more or lefs from the period above-mentioned, ac- 
cording to the different degrees of mortality to which the 
» feveral ftages of life are incident, Thus it is much more 
than an equal chance, according to the table of the pro- 
bability of the duration of life (p. 254 ut fupra), 
that an infant, jull come into the world, arrives not 
to the age of to years; yet the Expectation or 
fhare of life due to it, upon an average, is near 20 
years. ‘Ihe reafon of which wide difference, is the 
great excefs of the probability of mortality in the firft 
tender years of life, above that refpeCting the more 
mature and ftronger ages. Indeed if the numbers that 
die at every age were to be the fame, the two quanti- 
ties above f{pecified would alfo be equal; but when the 
faid numbers become continually lels and lefs, the Ex- 
petation mult of confequence be the greater of the 
two, 
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Mr. Simpfon has given a table and mule fpr finding 
this Expectation, pa. 255 and- 273 as above/ Thus, 
1 





A Table of the Exrrctations of Life in London 

















Age {| Expeétation |] Age | Expettation {] Age | Expectation 
r 2770 «||; 28 24°6 55 14°2 
2 3270 |! 29 24'1 56 13°83 
3| 34:0 || 30] 23°6 57 134 
4 35°6 3t 2371 58 13°r 
5 36°0 1 32 22°7 59 12°7 
6 36°0 i 33 22°3 60 12°4 
° 35-8 » 34 21°g 64 12°0 
8 35°6 35 215 62 TL 
9 35°2 1 36 21'L 63 112 
10 34°83 37 209 64 10°8 
It 34°3 38 20°3 65 10°5 
12 33°7 39 19°9 66 10°! 
13] 331 40 | 196 67 98 
14] 32°5 41 | 1g'2 68 94 
15 31°9 42 18:8 69 gt 
16 313 43 18°5 7° 88 
17 30°7 44 181 7 84. 
18 30°r 45 17°8 72 Br: 
19} 29°5 46 | 174 73 78 
20 28-9 47 17°0 74 7s 
21 28:3 48 167 591. 7% 
22 207 49 16°3 76 . 68 
23 27°2 i 5° 16°0 77 64 
24 266 1) 54 15°6 78 60 
25 2671 52 152 79 55 
26 25°6 53 149 BO 50 
27) 25 4] tay : 








For Example, if it be required to find the Expedcta- 
tion or fhare of life, due to a perfon of 30 years old. 
Oppofite the given age in the firft column of the table, 
ftands 23°6 in the fecond col. for the years in the Ex. 
pectation fought. 

See De Moivre’s Doétrine of Chances applied to the 
Valuation of Annuities, p. 288; or Dr. Price’s Ob- 
fervations on Reverfionary Payments, p. 168, 3645 
374, ke; or Philof. rant, vol. 59, p. 89. 

EXPERIMENT, in Philofophy, a trial of the 
effeét or refult of certain applications and motions of 
natural bodies, in order to difcover fomething of their 
laws and relations, &c. 

The making of experiments is grown into a kind of 
art ; and there are now many collections of them, moitly 
under the denomination of Courfes of Experimen- 
tal Philofophy. Sturmius made a curious collection of 
the principal Difcoveries and Experiments of the lait 
age, under the title of Collegium I-xperimentale. Other 
Courfes of Experiments have been publithed by Grave- 
fande, Defa: ers, Heltham, Cotes, and others. 

EXPERIMENTAL Philfopdy, is that which pro. 
ceeds on Experiments, or which deduces the laws of 
nature and the properties and powers of bodies, and 
their aGtionsupon each other, from fenfible Experiments 
and obfervatious. : 

Experiments are of the utmoft importance in philo. 
fophy ; aud the great advantages the modern phyficg 
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have o¢er the ancient, is chiefly owing to this, viz, that 
we abouna.much more in Experiments, and that we 
make more‘ufe of the Experiments we have. The me- 
thod of the ancients, was chiefly to begin with the 
caufes of things, and thence argue to the phenomena 
and effeéts ; on the contrary, that of the moderns pro- 
ceeds from Experiments and Obfervations, from whence 
the properties and laws of natural things are deduced, 
and general theories are formed. 

Several of the ancients indeed thought as highly of 
Experiments as the moderis, and praétifed them alfo. 
Plato omits no occafion of {peaking of the advantages 
of them; and Ariftotle’s hittory oF animals bears ain- 
pic teltimony for sim. Democritus’s great employment 
was to make experiments ; and even Epicurus himfelf 
owes part of his glory to the fame caufe. ’ 

Among the moderns, the making of Experiments, 
was chiefly begun by Friar Bacon, in the 13thcentury, 
who it feems {pent a great deal of money and labour 11 
this way. After him, the lord chancellcr Bacon is 
Jooked upon as the founder of the prefent mode of 
philofophiting by Experiments. And his method has 
been profecuted with laudable emulation by the Aca- 
demy del Cimento, the Royal Socicty, the Royal 
Academy at Paris ; by Mr. Boyle, and, over all, by Sir 
Yfaac Newton, with many other illuftrious names. 

Indeed, Experiments, within the lait century, are 
come fo much into vogue, that nothing will pafs in 
philofophy, but what is either founded on Experiments, 
or conbrned by them; fo that the new philofophy is 
almoft wholly Experimental. 

Yet there are fome, even among the learned, who 
fpeak of Experiments ina different manner, or perhaps 
rather ef the abufe of them, and in derifion of the pre- 

. tenders to this prattice. Thus, though Dr. Keil al- 
ows that philofophy has received very confiderable ad- 
vantages from the makers of Experiments; yet he com- 
plains of their difingenuity, in too often wrelting and 
diftorting their Experiments and Obfervations to favour 
fome darling theories they had efpoufed. Nay more, 
M. Hartfoeker, in his Recueil de plufieurs Pieces de 
Phyfique, undertakes to thew, that fuch as employ 
themfelves in the making of Experiments, are not 
properly philofophers, but as it were the labourers or 
operators of philofophers, that work under them, and 
for them, furnifhing them with materials to build their 
fyftems and iypotfiefes upon, And the learned M. 
Dacier, in the beginning of his difcourfe on Plato, at 
the head of his tranflation of the works of that philo- 
fopher, deals ftill more feverely with the makers of Ex- 
periments. He breaks out with a kind of indignation 
at a tribe of idly curious people, whofe fole employ- 
iment confifts in making Experiments on the gravity of 
the air, the equilibrium of fluids, the loadftone, &c, 
and yet arrogate to themfelves the noble title of philo- 
fophers. But his honeit indignation would have ex- 
ceeded all bounds, had he lived to fee the contemptible 
fall of one of the principal focieties above-mentioned ; 
while its members firft amufe themfelves with magncti- 
cal conundrums, fpinning ele@trical wheels, torturing 
the unfeen and unknown phlogiftic particles; and fi- 
nally polluting the fource of {cience, and the ftreams of 
wifdom, with the folly of hunting after cockle- thells, 
caterpillars, and butterflies. 
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EXPLOSION, a fudden and violent expanfion of 
an elaftic fluid, by which it inftantly throws off any 
obftacle that happens'to be in the way, fometimes with 
aftanifhing force and rapidity, as the Explofion of fired 
gun-powder, &c. 

Explofion differs from expanfion, in that the latter ie 
a gradual and continued power, ating uniformly for 
fome certain time ; whereas the former is always fud- 
den, and only of momentary or immenfurably fhort du- 
ration. The expanfions of folid fubtances do not tere 
minate in violent explotions, on account of their flow- 
nefs, and the fmall {pace through which the expand- 
ing’ fubftance moves; though their flrength may be 
equaliy great with that of the moft aétive acrial Auids, 
‘Vhus we find that though wedges of wood, whea 
wetted, will cleave folid blocks of ftone, they never 
throw them to any diftance, as is the cafe with gun- 
powder, On the other hand, it is feldom that the 
expanfion of any elaftic fluid burfts a folid fubilance 
without throwing the fragments of it to a confiderable 
diftance, with effeéis that are often very terrible. 

The mott part of explofive fubftances are either aerial, 
or convertible into fuch, and raifed into an elaftic fluid. 
Chas gun-powder, whofe effence feems to confit ia 
cotamon air fixed in the nitre, or at leatt an air of fimi+ 
lar elafticity, where it is condenfed into a bulk many 
hundred times lefs than the natural ftate of the atmo+ 
{phere ; which air being fuddenly difengaged by the 
firing of the gun-powder, and the decompolition of its 
parts, it rapidly expands itfelf again with a force 
proportioned to the degree of its condenfation when 
fixed in the gun-powder, and fo explodes, and pto- 
duces all thofe terrible effets that attend the explofion, 
The elaftic fluid generated by the fired gun-powder exe 
pands itfelf with a velocity of about 16,000 feet per fe- 
cond, and with a force more than 1000 times greater 
than the preffure of the atmofphcre on the fame bafe. 

The EleGtric Explofions feem to be ftill much more 
ftrong and aftonifhing ; as in the cafes of lightning, 
earthquakes, and volcanoes ; and even in the artificial 
electricity produced by the ordinary machines, The afs 
tonifhing ftrength Be elediric explofions, which is bes 
yond all poffible means of meafuring it, manrfetts itfelf 
by the many tremendous effeéts we hear of fire-balls 
and lightning. 

In cafes where the eleGtric matter acts like common 
fire, the force of the explofions, though very great, is 
eapabte of meafurement, by comparing the diftances 
to which bodies are thrown, with their weight. This is. 
moft evident in volcanoes, where the projections of the 
burning rocks and lava manifeft the greatnefs of the 
power, at the fame time that they afford a method of 
meafuring it: and thefe explofions are owing to the 
extrication of aerial vapours, and their rarefaction by 
intenfe heat. 

Next in ftrength to the aerial vapours, are thofe of 
aqueous and other liquids. Very remarkable effects of 
thefe are obferved in fteam-engines; and there is oné 
cafe from which it has been inferred that aqueous {team 
is even vaitly ftronger than fired gun-powder. This i# 
when water is thrown upon melted copper: for herd 
the explofion is fo ftrong as almoft to exceed imagina- 
tion; and the moft terrible aecidents have happened; 
even from fo flight a caufe as one of the workmen {pité 
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ting in the furnace where copper wae. melting; ari- 
fing prcbably from 4 fudden decompofition of the wa- 
ter. Explofions happen alfo from the application of 
water to other melted metals, though in a lower de- 
gree, when the fluid is applied in {mall quantities, and 
even to common fire itfelf, as every perfon’s own expe- 
riencé mutt have informed him; and this feeme to be 
eccafioned by the fudden rarefaction of the water into 
fteam. Examples of this kind’often occur when work- 
men are fattening cramps of iron into ftones ; where, if 
there happen to be a little water in the hole into which 
the lead is poured, this will fly out in fuch a manner as 
fometimes to burn them feverely. Terrible accidents of 
this kind have fometimes happened in founderies, when 
large quantities of melted metal have been poured inte 
wet or damp moulds, In thefe cafes, the fudden ex- 
pantion of tke aqueous fteam has thrown out the metal 
with great violence; and if any decompofition has 
taken place at the fame time, fo as to convert the 
aqueous vapour into an aerial one, the explofion mult 
he {till greater. 

. To this lait kind of explofion mutt be referred that 
which takes place on pouring cold water into boiling or 
burning oil or tallow, or in pouring the latter upon the 
former ; the water however being always ufed in a {mall 
quantity.” 

Another remarkable kind of Explofion is that pro- 

duced by inflammable ‘and dephlogifticated air, when 
mixed together, and fet on fee a kind of explofion 
that often happens in coal mines, &c. This differs 
from any of the cafes before mentioned ; for here is an 
abfolute condenfation rather than an expanfion through- 
éut the whole of the operation ; and could the airs be 
tade to take fire throughout their whole fubftance abfo- 
lutely at the fame inftant, there would be no Explofion, 
but only a fudden prodution of heat. _ 
’ Though Explofions be fometimes very deftrudtive, 
they are likewife of ‘confiderable ufe in life, as in re- 
moving obftacles that could fearcely be overcome. by 
any mechanical power whatever. The principal of 
thefe. are the blowing up of rocks, the feparating of 
ftones in quarries, and other purpofes of. that kind. 
The deftruion occafioned by them in.times of war, 
and the machines formed upon the principle of Explo- 
fion for the deftru€tion of the humaa race, are well 
known ; and if we cannot call thefe ufeful, they muft 
be allowed at leaft to be neceffary evils, 

The effets of Explofions, when violent, are felt at a 
confiderable diftance, by reafon of the concuffions they 
give to the atmofphere. Sir Wim. Hamilton relates, 
that at the explofions of Vefuvius, in 1767, the doors 
and windows of the houfes at Naples few open if un- 
bolted, and one door was burft open that had been 
locked, though at the diftance of 6 miles: and the ex- 
plofion of a stale Sap ie or a powder-mill, it is 
well known, fpreads deftru€tion for many miles round 5 
and even kills people by the mere concuffion of the air. 
A curious effe& of thein too is, that they electrify the 
air, and even glafs windows, at a confiderablediftance. 
‘Thie is always obfervable in firing the guas at the Tower. 
of London: and fome yeara ago, ahee aa Explofion. 
of fome powder-mill near that city, many people were: 
alarmed by a rattling and breaking of their china-ware.: 
Tn this refpect however, the effects of electrical Explos 
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fions are the moft remarkable, though ot the «un, 
common way juft mentioned ; but it is certaif that the 
influence of a flahh of lightning is diffufed Jor a great 
way round the place where the Explofion happens,, pro- 
ducing very perceptible changes both ‘on the animal 
and vegetable creation, ‘ F 

EXPONENT ofa Power, in Arithmetic and Algey 
bra, denotes the number or quantity exprefling the di- 
gree or elevation of the power, or which fews how. 
often a given power is to be divided by its root before it 
be brought down to unity or 1, Thus, the Expongat 
or index of a {quare number, or the 2d power, is 25 of 
a cube 35 and fo on; the (quare being a power of the 
2d degree; the cube, of a gd, &c. It is otherwife 
called the Index. 

Exponents, as now ufed, are rather of modern inven- 
tion. Diophantus, with the Arabian ard the firlt Kus 
ropean authors, denoted the powers of quantities by: 
fubjoining an abbreviation of the name of the power ; 
though with fome variation, amd difference from one, 
another. The names of the powers, and the marks for 
denoting them, according to Diophantus, art as fol, 
low: viz. : 
Names, ova, axgBurcy Suvapais, xvCocy Swanrdvre-sisy 


Marks, w , 5 a, ve » ¢ 
SvyxpoxvEos  xvGouveog Sc. , 
7 a” x” x” x” 
which we now denote by 
1, a, a, a3, at, a’, aS, &o 


F. Lucas Paciolus, or De Burgo, for the root, 
fquare, cube, &c, ufes the terms ca/a, cenfoy cuboy rela« 
to (primo, fecundo, tertio, &c), or the abbreviations 
0. ce, cas; and K for root or radicality, 
 Cardan. ufed the Latin contractions of the names of 
the powers; and other contemporary, as well as fuc~ 
ceeding, authors, efpegially the Germans, as Stifelius,: 
Scheubelius, Pelitarius, &c, ufed the like contractions; 
but fomewhat varied, as thus: 

8,33, fs 33, f3,3%, ke. 
or 1, 2: 3s ffs 335 fry Bef, &e. 
or 1, Bags os 99> fty 7s &e. 
Exp. 0, 1, 2) 35 4, 5) 6, &c 

But befides that way, the fame authors alfo made ufe 
of the numbers as in the lait line here above, and it was 
Stifelius who firft called them by the name Expo- 
nent. 

Bombelli, whofe Algebra was publithed in 15795 
denotes the res, or unknown quantity, by this mark _, 
and the powers by numeral Exponents fet over it; thus: 
2, 2, g, &e. And : : 

Stevinus; who publifhed his Arithmetic in 1585, 
and his Algebra foom afterwards, has fuch.another me- 
thod, but inftead of _ he ufes a {mall circle ©, within, 
which he places the numeral Exponent of the power ; 
thus @, @, @, D>» &c: and inthis way he extends, 
his notation to fraétional Exponents, and even to radi- 
cal ones; thus @, ®; o" , &e. , 

Vieta after this ufed words again to dénote the poww 
ers. Afterwards Harriot denoted the powers by a repe- 
tition of the root; as a, aa, aaa, for the rf, 2d, and 
3d powers. Inftead of which, Des Cartes again reftored 
the numeral Exponents, placing them after the root, 
when the power is high, to avoid 'a too frequent’ reper 
tition of the Jetter of the root; as a? at, &c, 43 at? 
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prefent, TAHfo Albert Girard, in 1629, wfed the Ex- 
ponents ta roots, thus; /, 7/; > &e. 

The notation of powers and roots by the prefent 
way of Exponents, has introduced a new and general 
arithmetic of Exponents or powers ; for hence powers 
are multiplied by only adding their Exponents, divided 
by fubtratting the Exponents, raifed to other powers, 
or roots of them extracted, by multiplying or dividing 
the Exponent by the index of the power or root.— 


2 I 2 
Soa? x a? = aS, and at X% a? = a*; 


z x 2 

a’ t~ gi = at, and at  a*® = a®; 
the 2d power of a3 is a, 
and the 3d root of a& is a% 

‘This algorithm of powers led the way to the inven- 
tion of logarithms, which are only the indices or Ex- 
ponents of powers: and hence the addition and fub- 
traction of logarithms, anfwer to the multiplication and 
divifion of numbers ; while the raifing of powers, and 
extraéting of roots, is effected by multip ying the lo- 
garithm by the index of the power, or dividing the lo- 
garithm by the indéx of the root. 

Exronenr of a Ratio, is, by fome, underftood as the 
quotient arifing from the divifion of the antecedent of 
the ratio by the confequent : in which fenfe, the Ex- 
ponent of the ratio of 3 to 2 is 35 and that af the ra- 
tio of 2 to 3 is 3. 

But others, and thofe among the heft mathemati- 
clans, underftand logarithms as the Exponents of ra- 
tios; in which fenfe they coincide with the idea of 
meafures of ratios, as delivered by Kepler, Mercator, 
Halley, Cotes, &c. 

EXPONENTIAL Calculus, the method of differ- 
encing, 0: ‘nding the fluxions of, Exponential quanti- 
ties, and of fumming up thofe differences, or finding 
their fuents. See Carcutus, Fiuxions, and Fru- 
ENTS. 

Exronrntiat Curve, is that whofe nature is defined 
or expreffed by an Exponential equation ; as the curve 
denoted by a* = y, or by at = y. 

Exponentra. Equation, is one in which is contained 
an exponential quantity: as the equation a* = 4, or 
x? = ab, &e. : 

Exponentiak Equations are commonly beft refolved 
by means of logarithms, viz, firft taking the log. of the 
given equation : thus, taking the log. of the equation 
ai =b,itisx x log. of a = log. of 4; and hence 

log. 4 
2 ees 
log. a 

Alfo, the log. of the equation x* = ab, is x x Tog. 
a = log. ab; and then + is eafily found by trial-and-er- 
ror, or the double rule of pofition. 

Exponintiat Quantity, is that whofe power is a va- 
riable quantity ; as the expreffion a", er 2°. 

Exponential quantities are of feveral degrees, and 
orders, according to the number of exponents er pow 
ers, one over another. Thus, 

a” isan Exponential of the 1ft order;. 


°; is one of the 2d order, 
a” ie one of the 3d order, and fo on. 
Sce Bernoulli Oper. tom. 1, pa. 182, &e. 
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“EXPRESSION, in Algebra, is any algebraical 
quantity, fimple or compound: as the exprealony 34 
or 2a), or Va? + c?. 

EXTENSION, onc of the common and cffential 
properties of body; or that by which it poflctles or 
takes up fome part of univerfal {pace, called the place of 
that body. 

The extenfion of a body, is properly in every di- 
re€tion whatever ; but it is ufual to confider it as ex~ 
tended only in length, breadth, and thicknefs, 

EXTERIOR Polygon, or Talus, is the outer or 
circumfcribing one. See PoryGon and Tarus- 

EXTERMINATION, op EXTERMINATING, 
in Algebra, is the taking away, or expelling of fome- 
thing from an expreffion, or from an equation: as to 
Exterminate furds,. fractions, or any particular letter ot 
quantity out of equations. 

Thus, to take away the fractional form from this 
a® +x 





cs ab . 

equation = multiply each numerator by 
the other’s denominator, and the equation becomes 
ad + dx* == 2abe", out of fractions. 

Alfo, to take away the radicality from the equation 
34fa* — x = 2c, raile each to the 2d power, and it 
becomes ga*—9gx* == 40% 

For Exterminating any quantity out of equations, 
there are various rules and methods, accordin, to.the 
form of the equations ; of which many excellent {pe- 
cimens may be feen in Newton’s Algebra, pa, 605 
ed, 17383 or in Maclaurin’s Algebra, part 1, chap. 
12. For example, to Exterminate y out of thefe two 
equations, ata= b+y, 

and 36 =2xty} 
fubtra& the upper equation from the under, fo thall 
there arife 36-—a——-x = 2x5; then, by the known me- 
thods of tranfpofition &c, there is obtained 4b—a==3x_ 
g-2 





and hence x= 


EXTERNAL Angles, are the angles formed with- 
outfide of a figure, by producing its fides out. 

In a triangle, any External angle is equat to the fum 
of both the two internal oppofite angles taken together: 
and, in any a ae figure, the fum of all the extere 
nal angles, is always equal to 4 right angles. 

EXTRA-Confellary Stars, fuch as are not properly 
included in any conftellation. 

EXTRA-Mundane Space, is the infinite, empty, 
void fpace, which is by Some fuppofed to be extended: 

‘ond the bounds of the univerfe, and: confeqnently 
in which there is really nothing at all. 

EXTRACTION of Roots, is the finding the roots 
of given numbers, or quantities, or equations. 

‘The roots of quantities are denominated from their 
powers ; as the fquare or 2d root, the cubic or 3d root, 
the biquadratic or 4th root, the 5th root, &c; which 
are the roots of the 2d, 3d, 4th, 5th, &c powers. 
The ExtraGion of roots has always made a part of 
arithmetical calculation, at leaft as far back as the com- 
pofition of powers has been knowm: for the compofi+ 
tion of powers abways led to their refoliition, or Ex- 
traction of roots, which is performed by the rules ex- 
aétly reverfe ofthe former. Thus,.if any root i con+ 

: : dered 
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fidered as confifting of two parts @ + x, of which the 
former a is known, and the fatter x unknown, then the 
fquare of this root being a? + 2ax + x7, which is its 
compofition, this indicated the method of refolution, 
fo as to find out the unknown part x; for having fub- 
tracted the neareft {quare a* from the given quantity, 
there remains 2ax - x? or 2a + x X x3 therefore di- 
vide this remainder by 2a, the double of the firft mem- 
ber of the root, the quotient will be nearly « the 
other member; then to 2a add this quotient +, and 
multiply the fum 2a-+- x by x, and the produ& will 
make up the remaining part 2ax + x” of the given power, 

The compofition of the cubic or 3d power next pre- 
fented itfelf, which confifts of thefe four terms a3 + 
3a%x + 3ax? + 435 by means of which the cubic roots 
of numbers have been extraéted; viz, by fubtracting 
the neareft cube a? from the given power, dividing 
the remainder by 3a*, which gives x nearly for the quo- 
tient ; then completing the divifor up to 3a* + 3ax 4-4, 
multiply it by « for the other part of the power to 
be fubtra&ted. And this was the extent of the Ex- 
traction of roots in the time of Lucas de Burgo, who, 
from 1470 to 1500, wrote feveral pieces on arithmetic 
and algebra, which were the fir works of this kind 
printed in Europe. 

It was not long however before the nature and com- 
pofition of all the higher powers became known, and 
general tables of coefficients formed for raifing them ; 
the firit of which is contained in Stifelius’s arithmetic, 
printed at Norimberg in 1543, where he fully explains 
their ufe in ExtraGting the roots of all powers what- 
ever, by methods fimilar to thofe for the fquare and 
cubic roots, as above defcribed; and thus completed 
the Extra€tion of all forts of roots of numbers, at leait 
fo far as refpeéts that method of refolution. Since that 
time, however, many new methods of Extraction have 
been devifed, as well as improvements made in the old 
ways 

The Extraction of roots of equations followed clofe- 

that of known numbers. In De Burgo’s time they 
extracted the roots of quadratic equations, the fame 
way as at prefent. Ferreus, Tartalea, and Cardan ex- 
traded’ the roots of cubic equations, by general rules. 
Soon afterwards the roots of higher equations were ex- 
trated, at leaft in numbers, by approximation. And 
the late improvements in analytics have furnifhed gene- 
ral rules for Extra&ting the roots, in infinite feries, of 
all equations whatever. All which methods may be 
feen in moft books of arithmetic and: algebra. Of 
which it may fuffice to give here a-fhort {pecimen of 
fome of the eafieft rales for ExtraGting the roots. of 
quantities and equations, as they here follow. 

I. To Extra the Square Root of any Nimbir.— 
Point off, or divide the number, from the place of 
units, into portions of two figures: 
each, as here of the number 99856; le 
fetting a point or mark over the 99856 { 316 
{pace between each portion of twa. 9 
figures. Then, beginning atthe left. 6, 98 


root 


hand, take the greateR-root 3; of , | 6 

the firft part 9, placing it on the Gib ape 
right hand for the firft figare of the te 3158 

root, and fubtracting its {quare 9 — 213750, 


from the faid firit part; to the re- 
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mainder, which here is 0, bring down thy. 2d part 
98, and on the left hand of it place 6 thefdouble of 
the firft figure 3, for a divifor ; conceive a tipher add- 
ed to this, making it 60, and then divide the 98 by 
the Go, the quotient isz for the fecond figure of the 
root, which is accordingly placed there, after the 3, ~ 
alfo in the divifor after the 6 and below the fame; 
then multiply thefe as they ftand, the 61 by the 1, 
and the produét 61 fet below the 98, and fubtra&t it 
from the fame, which leaves 37 for the next remainder 5 
to this briag down the 3d period 56, making 3756 for 
the next refulvend: then form its diviior as before, 
viz, doubling the root 31, or adding, as they ftand im 
the divifor, the 1 to the 61, either way making 62, 
which with a cipher makes 620, by which divide the 
refolvend 3756; the quotient of this divifion is 6, to 
be placed, as before, both as the next figure of the 
root, and at the end of the divifor 62, aud below itfelf 
there ; then multiply as they ftand the whole divifor 
626 by the 6, the product 3756 is exa@ly the fame as the. 
refolvend, and therefore the number 316 is accuratdy 
the {quare root of the given nutnber 99356, as. required, 
When the root is to be carried 
into deccimals, couplets of ci- 
phers are to be added, inftead of 
figures, as faras may be wanted. 
In which cafe too, a good abbre- 
viation is made, after the work 
has been carried on to half the 
number of figures, by continuing zor 
it to-the other half only by. the 2824111900 
contra&ted way of divifion; as 4it1296 
here in’ the annexed.example for 38282) Goqgoo- - 
the fquare root of z to eight de- 2| 56564 


2 ( 1°41423356- 
1 





pie 

44.96 

| 400 
1}'285 





cimals, or nine places of figures. in. 78205 ) 3836(135 6 
Tl. To extra? the cubie root; or. as 2828 

any other root whatever. This is 1008 

eafieft done by one general rule, 848 

which I have invented, and pub- 160 

lifted in. my. Traéts, vol. 1, pa. 141 


49, which is to this effect: Let 


i 
N be any namber or power, 7 
whofe nth root is to be extracted; a 


and let R be the neareft rational 
root of N, of the fame kind, cr 
Re the neareit rational power to N, either greater or lefs 
than it ; then fhall the true root be very nearly equal to 


nt1.N + 2—1.Re 


a~i.N'+ 2s. R* 
any root whofe index is denoted by .. And by ex- 
pounding » fucceffively by all the numbers 2; 3, 45> 
&c, this theorem will give the following particulat rules 
for the feveral roots, viz, the 


3N+R? 


x R; which rule is general for 


ad or {qu. root, Nag xR; 
4N+2R3- 2N+ R$ 

3d or cube root, aN qRi x RoraRy xR; 
INHIB, 

4th root aNyshe 3 


Sth 


RET 


6N+4R! gN+2Rs 


stir root ; “upon * Boh ng Re xR; 
: qN+5RS lS 
6th root sNa Re x R; 
_ SN+6R7 4aN+3R’ . 
ath - oN +8R? Ror yak? x R3 
~&e. ‘ 


Or the theorem may be ftated in the form of a propor-" 
tion, thus: : : 
asn—1.N+n41.-R°: af1.N+n-1.R° i: 
R : the root fought very nearly, 

For ex. fuppofe the problem propofed, of daubling 
the cube, or to find the cube root of the number. z.. 
Here N = 2,2 > 3, and the nearef power, -and Toot, 
too, Is 1: 2 
Hence 2N+R! = 441 = 5, 

a and N+2R3 = 2+2 = 4; 
then 4.3 § 23 1:4 55 1-25 the firft approximation, 
- Again, taking R = §, and confeq. R3 = ‘sy : 
Hence 2N+ RR} =4 + FS = FY, 
and N+2R?=2 + Ye = 3h!s 
then 378 : 3812: $: $3 = 1'259921, for the cube 
root of 2, which is exaét in the very laft figure. 
- And again by taking $3§ for the value of R, a great 
many more figures may be found. 

Ill. To Extrad the Roots of Algebraic Quantities— 
This is done by the fame rules, and in the fame man- 
ner as for the roots of numbers in arithmetic, as above 
taught. Thus, to Extraét the {quare root of 447 + 
12ax $947 : 

a 8 ‘4a* + I2ax-+9x* (244 3x the root 
42° : 


+ 4a43e 12ax +92 
e 3x 124% +927 





So alfo the root is carried out in an_ infinite fe- 
ries, in imitation of the like Extraétion of numbers in 
infinite decimals: thus, for the {quare root of a* +x. 
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‘To extra@t the-cube root of a3—x3 by the general 
rule in the 2d article-—Here N = a3 —x3, R = a, or 
R3 = d; hence N+ 2R3 = 343 — x3, and 2N-qy 
Rt == 3a'~-2%3 ; therefore, by the rule, 


E ss } 


RET 

ay ae 3 6 et 

gabmxt  gateast rata = -=- a ae 
; 3a% ga 27a 

which is the cube root of 2% —x3 very nearly. 

But thefe forts of roots are beft extraéted by the Bi. 
nomial‘Theorem ; which fee. 

IV. To Estraé the Raots of Equations.— This is the 
fame thing as to find the value of the unknown quan, 
tity in an equations which is effected by varions meant, 
depending on. the form of the equation, and the i 
of the higheft power of the unknown quantity in it : for, 
which, Ee the refpective terms, Equatiox, Root, 
Quapratic, Cunic, &c 

he moft general, as well as the moft eafy, method 

of Extracting the roots of all equations, is by Double 
Pofition, or Wrial-end-Eeror's as it eafily applies to all 
forts of equations whatever, be they. ever fo complex, 
éven logarithmic and exponential ones, There are alfa 
feveral other good methods of approximating to the 
roots of equations, given by Newton, Halley, Raphfon, 
De Moivre, &c; of which the moit general is a rule 
for Extraéting the root of the following indefinite equa+ 
tion, \ 
viz, az + bz* + cz? + dz4 + ex8 Ke 

= ot by + iy + byt + HS &e, 
given by M. De Moivre in the Philof. Tranf vol. 20, 
P+ 190, or Abr, vol. 1, pa. rot. . 

EXTRADOS, the outfide of an arch of a bridge, 
vault, &c. - 

EXTREME-and-Mean Proportion, is when a line, 
or any quantity is fo divided, as that the whole line is 
to the greater part, as that greater part ig to the lefg 
part. Hence, in any line fo divided, the reftangle of 
the whole line and the lefe fegment, is equal to the 
{quare of the greater fegment, ~ 

Euclid thewa how to divide a ling in Extreme-and. 
mean ratio, in his Elements, book 2, prop, 11, to. this 
effect : Let AB be the given line ; ta which draw AB 
perpendicular and equal to half AB; in EA prodyced 
take EF = EB, fo thall-AF be equal to the greater 
ie: confequently ‘if AG be taken equal to ‘AF, the 
ine AB will be divided in G as requixed. i 





. ae 

The fame may be done otherwife thua: 
_. As before, make AE (fe. 2) perpendicular and: = 
£AB join EB, on which take EC = EA, and thea 
take BD = BC, fo hall the line be divided in D as reg 
quired, La es 1 

Nonumbercan be divided into extreme and;mean proz 
portion, fp that, its two parts fhall be rational ;:as is welh 
demonftrated- by Clavius, in his Commentary upon th¢ 
gth book.of Euclid’s Elements ; and the fame thing will. 
alfo appear from the following algebraical folutian of 
the farne problem : Let a denote the whole line; and 
the greater part ; then fhall.¢—-x be the lefe part, - 

the 
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the redtangle of the whole and'lefe part being pat equal 
to the fquare of the greater part, gives this equation, 
w= a X a—x == a*—ax; hence «?+4- ax= a? and by 
completing the fquare, and extraCting the root, &c, 
f5—% 


2 
inv, is the lefs part. And as the 


{qinare root of 5, which cannot be exactly extracted, 
makes a portion of both thefe parts, it is manifeft that 
neither of them can be obtained in rational numbers.. 

Euclid makes great ufe of this problem, viz, in fe- 
yeral parts of the 13th book of the Elements ; aud by 
means of it he conftruéts that notable propofition, viz 
the roth of the 4th book, which is to conilru& an 
ifofceles triangle having each angle at the bafe double 
the angle at the vertex. 

EXTREMES Conjund, and Extremes Disjun, in 
Spherical Trigonometry, are the former the two circular 
parts that lic next the affumed middle part, aad the 
latter are the two that lie remote from the middle 
part. hefe were terms applied by lord Napier, in his 
univerfal theorem for refolving all right-angled and 
quadrantal {pherical triangles, and publihed in his Lo- 
garithmorum Canonis Defcriptio, an. 1614. In this 
theorem, Napier condenfes into one rule, in two parts, 
the rules for all the cafes of right-angled {pherical trian- 

Jes, which had been feparately demonftrated by Pitifcus, 

anfbergius, Copernicus, Regiomontanus, and others, 
In this theorem, negleéting the right-angle, Napier calls 
the other five parts, circular parts, which are, the 
two legs about the right angle, and the complements of 
the other three, viz of the hypothenufe, and the two ob- 
lique angles. Then, taking any three of thefe five parts, 
one of them will be in the middle between the other 
two, and thefe two are the Extremes Conjun& whea 
they are immediately adjacent to that middle part, or 
they are the Extremes Disjun& when they are each fe- 
parated from the middle one by another part. Thusy 
the five parts being AB, AC, and 
the complements of BC and of the 
two angles B and C: then if the 
three parts be AB, and the comple- 
ments of the angle B and hypothe 
nufe BC be taken, thefe three are 
contignous to each other, the angle 
B lying in the middie between the 
ether two: therefore the comp. of 
B is middle part, and AB with the comp. of BC the 
Extremes Conjun&. But if the three fides be taken; 
BC is equally feparated from the two legs AB an¢ 
AC, by two angles B and C; and therefore thefe two 
legs AB and AC are Extremes Disjun@, and the comp, 
of BC the middle part. 

Napier’s rule for refolving each cafe is in two parts, 
as below : 2 e 

The retangle contained by radius and the fine of the 
middle part, is equal to the reGtangle of the tangents of 
the Extremes conjunét, or equal to the reCtangle of the 
fines of the Extremes disjun&. Which rule comprehends 
all the cafes that can happen in right-angled fpherical 
triangles; in the application of which rule, the equal 
telangles are divided into a proportion or analogy, in 


fuch manner that the term fought may be the laf of 





there is at laft x = athe greater part ; confe- 


quently a — 2 = 
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the four terms that ar¢ concerned; amd confiquently irs 
correfponding term in’ the fame rectangle pot be the 
firft of thofe terms. 

EYE, the organ of fight, confifting of feveral parts, 
and of fuch forms as beft to anfwer the purpofe for 
which it was formed. 

As vifion or fight is effe€ted by a refraGtion of light 
through the humours of the eye to the bottom or 
farther internal part of it, where the images of ex- 
ternal obje&s are formed on a fine expanfion of the 
optic nerve, called the Retize, and therefore the fore- 
part of the eye mutt he of a convex figure, and of 
fuch a precife degree of convexity as the particular re- 
fractive power of the feveral humours require for form- 
ing the image of an object at a given focal diftance, 
viz, the diametet of the eye. Hence we find, 

if; The external part of the eye-ball CD (Plate 
2, fig. 8.) is a ftrong pelluicid fubftance, properly con- 
vex, and which, when dried, has fome refemblance to 
a picce of tranfparent horn, for which reafon it is called 
the Cornea, or horny coat of the eye. 

2dly ; Ianmediately behind this coat there is a fine 
clear humour which, from its likenefs to water, is 
called the Agucous or watery humour, and is contained 
in the {pace between CD and GFE. 

3dly; In this {pace there is a membrane or diaphragm, 
called the Uvea, with a hole in the middle as at F, call- 
ed the ‘Pupi/, of a mufcular contexture for altering the 
dimenfions of that hole, for the adjuiting or admitting 2 
due quantity of light. 

4thly ; Juft behind this diaphragm is placed a leati- 
cular-formed fubftance GE, of a confiderable confit. 
ence, called from its tranfparency the Cry/lalline hu- 
mour. Thisis contained in a fine tunic called the Cho- 
roides, and is fufpended in the middle of the eye by a 
ring of mufcular fibres called the; Ligamentum Ciliare, 
as at G and.E; by which means it is moved a little 
nearer to, or farther from, the bottom of the eye, to 
alter the focal diftance. : 

sthly; All the remaining interior part of the eye, 
conitituting the great body of it, from GHE to IMK, 
is made up of a large quantity of a jelly-like fubftance, 
called the Vitreous or glaffy humour; though it refem- 
bles glafs in nothing except its tranfparency } it being 
molt like the white of an exg of any thing. 

6thly ; On one fide of the hinder part of the Eye, as 
at K, the opti¢ nerve enters it from the brain, and is exe 
panded over all the interior part of the eye toG and E 
quite around, the expanfion béing named the Retina. 
On this delicate membrane, the image IM of every ex- 
ternal obje&t OB, is formed according to the optic laws 
of nature, in the following manner. 

Let OB be any very diftant objet. Then a pencil 
of rays proceeding from any point L, will fall on the cor= 
nea CD, and be refraéted by the aqucous humour un- 
der it, to a point in the axis of that pencil continued out. 
Then the radius of convexity of the cornea being nearly $ 
of an inch; and the fine of incidence in air to'that of re- 
fraction in the aqueous humour, being nearly as 4 to 3, 
fuppofing the rays parallel, or the object very far diftant, 
the focal diftance after the firft refraction, by the pro- 


per theorem — » will be found 1} inch from the 
- —2 


comea; 7 being the radias j, and m to a as 4 to 3. 
The 
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” The i thus refracted hy the cornea, fall converg- 
ing on tha cryftalline humour, and tend tova point 1-228 
inch behin'l it; alfo the radii of convexity in the {aid 
humour are {and 4 refpeftively; and the fine of inci- 
dence to that of refradtion of the aqueous into the 
cryftalline humour, being as 13 to 12; therefore, by 
nde 
sad—nd +ar 
fration ‘in the cryftalline, will be 1-02 inch from the 
fore part of it: where m=z 13, 1 = 12, r= 4, and 
d= 1228. . . 

The rays now pafs from the eryflalline to the vitre- 
ous humour ftill ia a converging ftate, and the fines 
of incidence and refragtioa being here as 12 to 13, a8 
found by experiment ; and fince the furface of the vi- 
treous humour is concave which receives the rays, and 
is the fame with the convexity of the hinder furface ef 
the cryftalline, the radius will be the fame, viz } of 
aninch, Therefore the focal diflance after this third 


this theorem » the focal diftance after re- 


refra¢tion will befound, by this theorem, —s ro 
nd — ae 


to be 6 tenths of an inch nearly from the hinder part of 
the cornea: where m==12, 2213, r=zi, and d=°82; 
the thicknefs of the lens of the cornea being nearly 
& of an inch. 

Now experience fhews that the diftance of the re- 
tina in the back part of the cyc, behind the cornea, 
ia nearly equal to that focal diftance; and therefore it 
follows that all objets at a great diftance have their 
images formed on the retina in the bottom or hinder 
part of the eye, and thus diftingt vifion is produced by 
this wonderful organ of optic fenfation. 

When the diftance of objeéts is not very great, the 
focal diitance, after the laft refraGtion in the vitreous 
tumour, will be alittle increzfed ; and to do this we can 

- move the cryftalline a little nearer the cornea by means 
of the ligamentum ciliare, and thus on all occafions it 
may be adjufted for a due focal diftance for every dif- 
tance of objeés, excepting that which is lefs than 6 or 
¥ inches, in good eyes. Many are of opinion, however, 
that this is effeéted by a power in the eye to alter the 
convexity of the cryftalline humour as oceafion re- 
quircs ; though this is rather doubtfal. 

By what has been faid it appears, that rays of light 
flowing from every part of an objec OB, placed at a 
proper diftance from the eye, will have an image IM 
therchy formed on the retina in the bottom of thé 
eye; and fice the rays OM, BI, which come from 
the extreme parts of the objeét, crofs each other in the 
middle of the pupil, the pofition of the image IM will 
be contrary to that of the object, or inverted, as in the 
cafe of a lens. 

The apparent place of any part of an object is in 
the axis, and conjugate focus of that pencil of rays by 
which that part or point is formed in the image. Thus, 
OM is the axis, and O the focus proper to the rays 
hy which the point M in the image is made ; therefore 
the fenfaticn of the place of that part will be con- 
ceived in the mind to be at O; in like manner the 
idea of place belonging to the point I, will be referred 
in the axis IB, to the proper focus B; therefore the 
apprrent place of the whole image IM, will be con- 
ccived in the mind to eccupy all the {pace between O 
and B, and at the diftance AL from the eye. 
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Hence likewife appears the reafon, why we fee an 
obje@ upright by means of an inverted image ; for 
fince the apparent place of every point M will be in 
the axis MO at O; and this axis crofling the axis of 
the eye HL in the pupil, it follows, that the fenfible 
place O of that point will lie, without the cye, on the 
contrary fide of the axis of the eye, to that ef the point 
in the eye; and fince this is true of all other parts or 
points in the image, it is evident that the pofition of 
every part of the objet will be on the contrary fide of 
the axis to every corvefponding part in the image, aud 
therefore the whole obje€t OB will have a contrary 
pofition to that of the image IM, or will appear up- 
right. 

If the convexity of the cornea CD happens not exe 
aly to correfpond to the diameter of the eye, confi- 
dered as the natural focal diftance, then the image will 
not be formed on the retina, and confequently no dif- 
tinct vifion caa be effeGed in fuch an eye. 

If the cornea be too convex, the focal diftance in 
the eye will be lefs than its diameter, and the image 
will be formed fhort, of the retina. Hence the reafon 
why people having fuch yes are obliged to hold things 
very near them, to lengthen the focal diftances; and 
alfo why they ufe concave glaffes to countera& or re+ 
medy the excefs of convexity, in order to view diltant 
objects diftinétly. 

When the eye has lefs than a juft degree of cox- 
vexity, or is too flat, as is pencrally the cafe with old 
eyes, by a natural deficiency of the aqueous humour, 
then the rays tend to a point or focus beyond the re- 
tina or bottom of the eye; and to fupply this want of 
convexity in the cornea, we ufe convex lenfes in thofe 
frames called {pedtacles, or vifual glaffes. 

Since the rays of light OA, BA, which conftitute 
the vifual angle OAB, will, when they are intercepted 
by a lens, be refraéted. fooner to the axis; the faid 
angle will thereby be enlarged, and the object of 
courfe become magnified ; hich is the reafon why 
thofe lenfes are called magnifiers, or reading-glaffes. 

The dimenfions, or magnitude, of an object OB, are 
judged of by the quantity of the angle OAB which it 
fubtends at the eye. For if the fame object be placed 
at two different diftances L and N, the angles OAB, 
oA4, which in thefe two places it fubtends at the eyes 
will be of different magnitude; and the lineal dimen- 
fions, viz lepgth and breadth, will be at N and at L, 
as the angle oAd is to the angle OAB. But the fur- 
faces of the objects will be as the fquares of thofe an- 
gles, and the folidities as the cubes of them. 

It is found by experience, that two points O, L, 
in any objedt, will not be diftin@ly fcen by the Eye, 
till they are near enough to fubtend an angle OAL of 
one minute. And hence when objeéts, however large 
they may be, are fo remote as not to be feen under an 
angle of one minute, they cannot properly be faid to 
have any apparent dimenfions or magnitude at all; fuch 
as is the cafe of the large bodies of the planets, comets, 
and fixed ftars. But the optic feience has fupplied 
means of enlarging this nataral {mall angle under which 
moft diflant objeéts appear, and thereby increafing their 
apparent magnitudes to a very furprifing degree, in 
the inftance of that noble inftrument the telefcope. 

. On the other hand, there are in ereation an ce! 
wee © 
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of objeéts, of fuch fmall dimenfions, that they will 
act ubtend the requifite angle, if brought to the 
nearett Limits of difting vifion, viz 6, 7, or 8 inches 
from the Eye, as found by experience ; and therefore 
to render theni vifible at a very near diftance, we have 
a variety of glaffes, and inftruments of different con- 
ftru€tions, ufually called microfcopes, by which thofe 
minute objects appear many thoufand times larger than 
tothe naked Eye ; and thereby enrich the mind with 
difcoveries of the fublimeft nature, in regard to crea- 
tive power, wifdom, and ceconomy. 

EYE. g/a/s, in Optical Inftruments, is that which is 
next the Eye in ufng the machine. This is ufually 
a lens convex on both fides ; but Euftachia Divini long 
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fince invented # microfcope of this. kind, the;power of 
which he places very greatly ahove that of thd common 
fort ; and this chiefly depending on the Eye-gjals, which 
was double, confifting of two plano-convex glaffes, fo 
placed as.to touch one another in the middle of their 
convex furface. This inftrument is well fpoken of by 
Fabri in his Optics, and as poffeffing this peculiar ex- 
cellence, that it fhews all the objects flat, and not 
crooked, and takes in a large area, though it magni- 


fies very much. 


Bulls EYE, a ftar of the firft magnitude, in the 
Eye of the conttellation Taurus, the bull, and by the- 
Arabs called Aldebaran. ; 


F. 
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ACE, or Facape,. in Architeéture, is fometimes 
ufed for the front or outward part of a building, 
Which immediately prefents itfelf to the eyes or the 
fide where the chief entrance is, or next the ftreet, &c. 
Face, Facra, or Fascia, alfo denotes a flat mem- 
ber, having a confiderable breadth, ang but a fmall 
projecture. Such are the bands of an architrave, lar- 
mier, &e. 

Face, in Aftrology, is wfed for the 3d part ofa fign. 
—Each fign is {uppofed to be divided into three faces, 
of to degrees each: the firlt 10 degrees compofe the 
fir face; the next 10 degrees, the 2d face; and the 
Jatt 10, the 3d face.—Venus is in the 3d face of Tau- 
rus; that is, in the laft ro degrees of it. 

Faces of a Baffion, in Fortification, are the two 
foremoft fides, reaching from the flanks to the outer- 
moft point of the baition, where they meet, and form 
the faliant angle of the baition, hefe are ufually the 
firft parts that are undermined, or beaten down; be- 
caufe they reach the fartheft out, are the leait flanked, 
and are therefore the weakeft, 

Face of a Place, is the extent between the outer- 
moft points of two adjacent baftions; containing the 
curtain, the two flanks, and the two faces of thofe 
baflions that look towards each other. This is other- 
wife called the Tenaille of the place. 

Face Prolonged, is that part of a line of defence ra- 
fant, which is between the angle of the epaule or 
thoulder of a baflion and the curtain ; or the line of a 
defenge rafant diminifhed by the face of the baflion, 
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FACIA, in Archite€ture. See Face, and Fase 


CIA. 

FACTORS, in Multiplication, in Arithmetic, a 
name given to the two numbers that are multiplied to~ 
gether, viz, the multiplicand and multiplier ; fo called 


~becaufe var 6 are to facere productum, make or contti- 


tute the factum or product. 

FACTUM, the produét of two quantities multiplied 
together. As, the fa@tum of 3 and 4 is 125 and the 
factum of 2a and 5b is 104d. : 

FACULA, tin Aftronomy, a xame given by Scheis 
ner, and others after him, to certain bright {pots on 
the fun’s difc, that appear more bright and lucid than 
the reft of his body. 

Hevclius affures us that, on July 20, 1634, he ob- 
ferved a facula whofe breadth was equal toa 3d part of 
the fun’s diameter. He fays too that the macule often 
change into Facule ; but thefe feldom or never in- 
to macule. And fome authors even contend that all 
the macula degenerate into Facule before they quite 
difappear. Many authors, after Kircher and Scheiner, 
have reprefented the fun’s body full of bright, fiery 
fpots, which they conceive to be a fort of volcanos in 
the body of the fun: but Huygens, and others of the 
lateft and beft obfervers, finding that the bett telefcopes 
difcover nothing of the matter, agree entirely to ex- 
plode the phenomena of Facule. All the foundation 
he could fee for the notion of Facule, he fays, was, 
that in the darkifh clouds which frequently furround the 
macule, there are fometimes feen little points or {parka 

20 brighter 
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brighter than the reft. Their caufe is attributed by 
thefe authors to the tremulousagitation of the vapours 
near our \arth ; the fame as fometimes fhews a little un- 
vevennefs in the circumference of the fun’s dife when 
viewed through a telefcope. Striftly then, the Facule 
are not eructations of fire and flame, but refra¢tions of 
the fun’s rays in the rarer exhalations, which, being 
ogndenfed near that fhade, feem to exhibit a light great- 
er than that of the fun. 

FACULTY, denotes the {everal parts of an univer- 
fity, divided according to the arts or {ciences taught or 

rofeffed there. In moft univerfities there are four 
Paculties 3 that of.arts, which includes philofophy and 
the humanities or languages, and is the moft ancient 
and extenfive ; the 2d is that of theology; the 3d, 
that of medicine ; and the 4th, jurifprudence, or laws, 

FALCATED, one of the phafes of the planets, 
vulgarly called horned. The aftronomers fay, the 
moon, or any planet, is Falcated, when the enlightened 

art Appears in form of a cretcent, likea fickle, or reap- 
ing-hook, which by the Latins is called falx. The 
mhoon is Falcated while fhe moves from the 3d quarter 
to the conjun@ion, and fo on from hence to the firft 
“quarter ; the bright part appearing then like a crefcent, 
viz during the firft and laft quarters. But during the 
2dand 3d quarters, the light part appears gibbous, and 
the dark part Falcated. 

FALCON or Faucon, and Fatconer or Fauco- 
NET, certain old fpecies of cannon, now long difufed. 

FALL, the defcent or natural motion of bodies to- 
wards the centre of the earth, &c. Galileo firit dif- 
covered the ratio of the accéleration of falling bodies ; 
viz, that the fpaces defcended from reft are as the 
Squares of the times of defcent; or, which comes to 
the fame thing, that if the whole time .of Falling be 
divided into any number of equal parts, whatever {pace 
it falls through in the firit part of the time, it will Fall 
; times as far in the 2d part of time, and 5 times as 

far in the 3d portion of time, and fo on, according to 
the uneven numbers 1, 3, 5, 7, &c. 
triox, Descent, Gravity, &c. 

FALSE-ssave, in Fortification. 
BRAYE. 

Faxst Pofition, in Arithmetic. See Position. 

Fase Root, a name given by Cardan, to the nega- 
tive roots of equations, and numbers. So the root of 
9 may be either 3 or — 3, the former he calls the true, 
and the latter the falfe or fictitious root ; alfo of this 
equation a? —x = 6, the two roots are 3 and —2, the 
former true, and the latter Falfe. 

FASCIA, in Archite@ture. See Facia and Face. 

FASCLA&, in Aftronomy, are certain ftripes or rows 
of bright parts, obferved on the bodies of fome of the 
planets, like fwathes, bands, or belts ; efpecially on the 
planet Jupiter. - 

The Fafcix, or belts of Jupiter, are more lucid than 
the reft of the difc, and are terminated by parallel lines. 
/They are fometimes broader and fometimes narrower $ 
ner do they always poffefs the fame part of the dife. 

M. Huygens alfo obferved a very large kind of 
Fafcia in Mars, in the year 1656; but it was darker 
than the reft of the difc, and occupied the middle part 
of it. 

FASCINES, in Fortification, ave faggots made of 


See AccELERA- 


See Fausse- 
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the twigs and {mall branches of trees and brufi wood, 
bound up in bundles; thefe, being mixed with earth, 
ferve to fill up ditches, to make the parapets of trenches, 
batteries, &c. ae 
FATHOM, am Englith meafure of the length of 6 
feet or2 yards; and is taken from the utmoft extent 
of both arms when ftretched into a right line. 
FATUUS Jgnis. See Ients Fatuus. 
FAUCON, and Fauconet, the fame as Falcon and 
Falconet ; the old names of certain fpecies of ordnance 5 
which, as well as many other names, are now no longer 
in ufe, as it has been for fome time the practice to de- 
nominate the feveral fizes of cannon from the weight of 
their ball, inflead of calling them by thofe fanciful and 
lunmeaning names. 
FAUSSE-Bravg, in Fortification, an elevation of 
earth, about three feet above the level ground; round 
the foot of the rampart on the outlide, defended by a 
parapet about four or five fathoms diftant from the up- 
per parapet, which parts it from the berme, and the 
edge of the ditch, The Fauffe-braye is the fame with 
what is otherwife called Chemin des rondes, and ‘Baffe 
enceinte ; and its ufe is for the defence of the ditch. 
FEATHER-encep, is a term ufed by workmen, 
for fuch boards as are thicker on one edge, or fide, , 
than on the other. : 
FEBRUARY, the 2d month of the year, contain« 
ing 28 days for three years, and every fourth year 2g 
days.—In the firft ages of Rome, February was the lait 
month of the year, and preceded January, till the De- 
cemyiri made an order that February fhould be the 2¢ 
month of the year, and come after January. 
FELLOWSHIP, Company, or Parrnersuir, is 
a rule in arithmetic, of great uf¢ in balancing accounts 
ae merchants, and partnerd in trade, teaching how 
to aflign to every one of them his due thare of the gain 
or lofs, in proportion to the ftock he has contributed, 
and the time it has been employed, or according to any 
other conditions. Or, more generally, it is a method 
of dividing a given number, or quantity, into any num 
ber of parts, that fhall have any affigned ratios to one 
another. And hence comes this general rule: Having 

“added into one fum the feveral numbers that exprefs the 
proportians of the parts, it will be, © 

As that fum of the proportional numbers : 

Is to the given quantity that is to be divided :: 

So is each proportional number : 

‘To the correfponding fhare of the given quantity. 

For Ex. Suppofe it be required to divide the number 
¥2z0 into three parts that fhail be in proportion to each 
other as the numbers 1, 2, 3.—~Here 120 is the quari- 
tity to be divided, and 6 is the fum of the. numbers 1, 
2, and 3, which exprefs the proportions of the parte ; 
therefore as $ 

r : 20 the rft part, 
63 12075 }: : 40 the 2d part, 
3 + 6o the 3d part. 

This rule is ufually diftinguifhed into two cafes, one 
in which time is concerned, or in which the ftocks of 
partners are continued for different times; and the. 
other in which time is not confidered ; this latter being’ *, 
called Single Fellowthip, and the former Double Fel-- 


lowfhip. 
Stagle 


FER 


.. Single Fervowsutp, or Fetrowswir without Time, 
is the cafe in which the times of continuance of the 
thares of partners are not confidered, becaufe they are 
all the fame ; and in this cafe, the rule will be as above, 
viz, 

As the whole flock of the partners : 

Is to the whole gain or lofs : : 

So is each one’s particular ftock : 

To his thare of the gain or lofa. 


£x, Two partners, A and B, form a joint flock, of 
which A contributed 75], and B 451; with which they 
gain 301: how much of it muft each one have ? 

: .. $75 + 81. 158, = A’s hare, 
As 120: 3023 He 2a aoe Rema, 

Double Ferrowsuir, or Ferrowsutp with Time, 
is the cafe in which the times of the ftocks continuing 
are confidered, becaufe they are not all the fame. 

In this cafe, the hares of the gain or lofs muft be 
proportional, both to the feveral thares of the ftock, 
and to the times of their continuance, and therefore 
prepertionel to the produéts of the two. Hence this 

ule: Multiply each particular fhare of the ftock by 
the time of its continuance, and add all the products 
together into one fum ; then fay, 

As that fum of the produéts ; 

Is to the whole gain or lofs :: 

So is each fevera produdt : 

Yo the correfponding fhare of the gain or lofs. 

For Ex. A had in company gol. for 4 months, and 
B Gol. for 5 months; and their gain was 241: how 
mutt it be divided between them ? 


50) 60 

4 5 

200 . 300 
300 





" i200: gl. 12s, = A’s fhare, 
As 500 : 24:3: 
300: 141. 8s, = B’s hare. 

FERGUSON (James), an eminent experimental 
philofopher, mechanift, and aftronomer, was born in 
Bamfishire, in Scotland, 1710, of very poor parents. 
At the very earlieft age his extraordinary genius began 
to unfold itfelf. He firit’ learned to read, by overhear- 
ing his father teach his elder brother: and he had 
made this acquifition before any one fufpected it. He 
foon difcovered a peculiar tafte for mechanics, which 
firft arofe on feeing his father ufea lever. He purfued 
this ftudy a confiderable length, while he was yet very 
young ; and made a watch in wood-werk, from having 
once feen one. As he had at firft no inftru€tor, nor 
any help from books, every thing he learned had all the 
merit of an original difcovery ; and fuch, with inex- 
prefiible joy, he believed it to be. 

As foon as his age would permit, he went to fervice ; 
in which he met with hardfhips, which rendered his con- 
Ritution feeble through life. While he was fervant to 
a farmer (whofe goodnefs he acknowledges in the mo- 
deft and humble account of himfelf which he prefixed 
to one of his publications), he contemplated and learned 
to know the flars, while he tended the fheep ; and be- 
gan the ftudy of aflronomy, by laying down, from his 
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own obfervations only, a celeftial globe. ‘His kind 
matter, obferving thefe’ marks of - his ingengity, pros 
cured him the countenance and affiftance of fame neigh- 
bouring gentlemen. By their help and inflrudtions he 
went on gaining farther knowledge, having ‘by their 
means been taught arithmetic, with fome algebra, and 
practical geometry. He had got fome notion of draw- 
ng and being fent to Edinburgh, he there began to 
take portraits in miniature, at a {mall price ; an em- 
ployment by which he fupported himfelf and family for 
feveral years, both in Scotland and England, while he 
was purfuing more ferious fludies. In London he firtt 
publifhed fome curious aftronomical tables and calcula- 
tions; and afterwards gave publicleCturesin experimental 
philofophy, both in London and mott of the country 
towns in England, with the higheft_ marks of general 
approbation. He was eleéted a fellow of the Royal 
Society, and was excufed the payment of the admiffion 
fee and the ufual annual contributions. He enjoyed 
from the king a penfion of 50 pounds a year, befides 
other occafional prefents, which he privately accepted 
and received from different quarters, till the time of his 
death; by which, and the fruits of his own labours, he 
left behind him a fum to the amount of about fix thou- 
fand pounds, initead of which all his friends had always 
entertained an idea of his great poverty. He died ir 
1776, at 66 years of age, though he had the appearance 
of many more years, 

Mr. Fergufon muft be allowed to have been a very 
uncommon genius, efpecially in mechanical contrivances 
and executions, for he executed many machines himfelf 
in avery neat manner. He had alfo a good taite ia 
aftronomy, with natural and eeperinicntal piololonhy) 
and was poffeffed of a happy manner of explaining him- 
felf in an eafy, clear, and familiar way. His general 
mathematical knowledgé, however, was little or no- 
thing, Of algebra he underitood but little move than 
the notation ; and he has often told me he could never 
demontftrate one propofition in Euclid’s Elements ; his 
conflant method being to fatisfy himfelf, as to the truth 
of any problem, with a meafurement by fcale and com- 
paffes. He was a man of a very clear judgment in any 
thing that he profeffed, and of unwearied application te 
fludy : benevolent, meek, and innocent in his manners 
as a child: humble, courteous, and communicative ; 
inftead of pedantry, philofophy {cemed to produce in 
him only diffidence and urbanity. 

The lift of Mr. Fergufon’s public works, is as fol- 
lows: 

1, Aftronomical Tables and Precepts, for caleulat- 
ing the true times of New and Full Moons, &c ; 1763. 
—z2. Tables and Trats, relative to feveral arts and 
feiences; 1767.3. An Eafy Introduétion to Aftro- 
nomy, for Young Gentlemen and Ladies; 2d edit. 
1769.—4. Aftronomy explained upon Sir Ifaac New- 
ton’s Principles ; sth edit. 1772.5. Letures on See 
le& SubjeG@s in Mechanics, Hydroftatics, Pneuma- 
tics, and Optics ; 4th edit. 1772.6. Seleé Mechaniz 
cal Exercifes ; with a fhort Account of the life of the 
author, by himfelf; 1773.7. The Art of Drawing 
in Perlpettive made eafy ; 1775.—8, An Entroduétion 
to Electricity ; 1775.9. Two Letters to the Rev. 
Mr. John Kennedy; 1775.—10. A Third Letter to 
the Rev. Mr. John Kennedys 1775. 
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FERMAT {Perer), counfellor of the parliament 


ef Toulot fe, in France, who flcurifhed in the ¥7th cen. - 


tury, and fied in 1663. He was a general {cholar, and 
a univerfal genius, cultivating jurifprudence, poetry, 
and mathematics, but efpecially the latter, for his amufe- 
ment. He was contemporary and intimately connected 
with Merfenne, Torricelli, Des Cartes, Pafcal, Robat 
val, Huygens, Frenicle, and Carcavi, and feveral others 
the moit celebrated philofophers of their time. He 
was a firit-rate mathematician, and poffeffed the fineft 
tafte for pure and genuinc geometry, which he contri- 
buted greatly to improve, as well as algebra. 

Fermat was author of 1. A Method for the Qua- 
drature of all forts of Parabolas.—2. Another on Maxi- 
mums and Minimums: which ferves not only for the 

- determination of plane and folid problems ; but alfo for 
drawing angents to curve lines, finding the centres of 
gravity in folids, and the refolution of queftions con- 
‘cerning numbers: in fhort a method very fimilar to the 
Fluxions of Newton.—3. An Introduétion to Geome- 
tric Loci, plane and folid.—4. A Treatife on Spheri- 
eal Tangencies: where he demonftrates in the folids, 
the fame things as Vieta demonttrated in planes.—5. A 
Reftoration of Apollonius’s two books on Plane Loci. 

‘—6. A General Method for the dimenfion of Curve 

Lines, Befides a number of other fmaller pieces, and 
many letters to learned men; feveral of which are to be 
found in his Opera Varia Mathematica, printed at 
‘Fouloufe, in folio, 1679. 

fF ERMENTATION, an inteftine mation, arifing 
{pontaneoufly among the {mall and infenfible particles 
of a mixed body, thereby producing a new difpofition, 
and a different combination of thofe parts. Fermen- 
tation differs from diffolution, as the caufe from its ef. 
fea, the latter being only a refult or effe€t of the 
former. 2 

FESTOON, in Architeture &c, a decoration in 
form of a garland or clufter of flowers. 

FICHANT Fuanx. See Frank. 

Ficnant Line of Defence. Sce Fixep Line of Defence. 

FIELD-Forr. See Fortine. 

Fie.n-Pieces, are {mall cannon, ufually carried along 
with an army in the field: fuch as, one pounders, one 
and a half, two, three, four, fix, nine, and 12 pounders; 
which, being light and {mall, are eafily carried. 

Fisip-Staf, is a flaff carried by the gunners, in 
which they {crew lighted matches, when they are on 
fervice ; which is called arming the Field-ftaffs. See 
Linsrocx. 

Fiswn of View, or of Vifion, is the whole {pace or 
extent within which objects can be feen through an op- 
tical machine, or at one view of the eye without turn- 
ang it. 

The precife limits of this {pace are not eafily afcer- 
tained, for the natural view of the eye. In looking at 
a fmall diftance, we have an imperfet glimpfe of ob- 
jets through almolft the extent of a hemifphere, or at 
Jeatt for above 60 degrees each way from the optic 
axis ; but towards the extremity of this fpace, objcéts 
are very imperfeétly feen ; and the diameter of the field 
of diftin& vifion does not fubtend an angle of more 
than 5 degrees at moft, fo that the diameter of a dif- 
tin&t image on the retina is lefs than y$y of en icch; 
‘dut it is probably much lefs. 


3 & 


T 468 7] 


FIG 


Fievn-Béok, in Surveying, a book ufed for fetting 
down angles, diftances, and other things, remarkable in 
taking furveys. 

The pages of the Field-hook may be conveniently 
divided mto three columns. In the middle column are 
to be entered the angles taken at the feveral ftations by 
the theodolite, with the diftances meafured from {tation 
to flation. And the offsets, taken with the offset-fiaff, 
on either fide of the itation line, are to be entered in 
the columns on either fide of the middie column, ac+ 
cording to their pofition, on the right or left, with re- 
fpeét to that line: alfo on the right or left of thefe are. 
to be fet down the names and characters of the objects, 
with proper remarks, &c, See a fpecimen in my 
‘Treatife on Menfuration, pa. 517, ed. 2d. 

FIFTH, in Mufic, one of the harmonical intervals or 
concords; called by the ancients Diapente. : 

‘The Fifth is the 3d in order of the concords, and 
the ratio of the chords that produce it, is that of 3 to- 
2. Itis called Fifth, becaufe it contains five terms, or 
founds, between its extremes, and four degrees; fo 
that in the natural fcale of mufic it comes in the sth 
place, or order, from the fundamental.—Thhe imperfect, 
or defeétive Fifth, by the ancients called Semidiapente, 
is lefs than the Fifth by a mean femitone. : 

FIGURAL, the fame as Figuaatre numbers; 
which fee. : 

FIGURATE Nambers, fuch as do or may reprefent 
fome geometrical figure, in relation to which they.are 
always confidered ; as triangular, pentagonal, pyrami, 
dal, &c, numbers. 

Figurate numbers are diftinguifhed into orders, acs 
cording to their place in the tee of their generation, 
being all produced one from another, viz, by adding 
continually the terms of any one, the fucceffive fums are 
the terms of the next order, beginning from the firft 
order which is that of equal units 1, 1, 1, 1, &c3 ther 
the 2d order confitts of the fucceffive fums of thofe of 
the rft order, forming the arithmetical progreffian 15 
2, 3y 4, &c; thofe of the 3d order are the fucceflive 
fums of thofe of the 2d, and are the triangular num- 
bers 1, 3, 6, 30, 15, &c; thofe of the qth order ate 
the fucceffive fums of thofe of the 3d, and are the py- 
ramidal numbers 1, 4, 10, 20, 35, Kc; and fo on, 
as below: 


Order. Name. Numbers. 
re Equals. I, 1%, I, I, 1, & 
2..Arithmeticals, 1, 2, 3, 4, 5, Kes 
3. Triangulars, 1, 3, 6, 10, 15, &ee 
4. Pyramidals, 1, 4, 10, 20, 35, &e. 
5. 2d Pyramidals, 1, 5, 15, 35, 70, &c 
6. 3d Pyramidals, 1, 6, 21, 56, 126, & 
7. 4th Pyramidals, 1, 7, 28, 84, 210, &c. 


‘The above are all confidered as different forts of triany 
gular numbers, being formed from an arithmetical pi oe. 
grefion whofe common difference is 1. But if that 
common difference be 2, the fucceffive fums will bé 
the feries of fquare numbers: if it be 3, the feries will 
be pentagonal numbers, or pentagons; if it be 4, thé 
feries will be hexagonal numbers, or hexagons ; and {6 
on, Thus: coe 


Arithy 
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Arithme. . rh Sums, or 2d Sums, or 

ticals. Polygons. 2d Polygons. 

I, 2, 3, 4, | Tri, 1, 3, 6, 10] 1, 4, 10, 20 

3, 35) 7) | Sqrs. 1, 4, 9, 16] 1, 5, 14, 30 

I, 45 7, 10, | Pent. 1, §, 12, 22 | 1, 6, 18, 40 

Ty §> 9, 13, | Hex. 1, 6, 15, 28 | 1, J, 22, 50 
&e. 


And the reafon of the names triangles, fquares, penta- 
gons, hexagons, &c, ic, that thofe numbers may be 
placed in the form of thefe regular fgures or polygons, 
as here below: 


Triangles. 
1 3 6 10 
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Squares. 
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ee ee 
ese 
se a > @ 
* “28 
ee ee © 
al . . 
ee 6 
Pintagous. 
t 5 12 
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. 
Hexagons. 
1 6 15 
oo” e 
ee 7 * 
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ba e ° . e 
. es ‘e 
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But the Figurate numbers of any order may alfo be 
found without computing thefe of the preceding or- 
ders ; which is done by taking the fucceflive products of 
as many of the terms of the arithmeticals I, 25 35 45 
5, &c, in their natural order, as there are units in the 
number which denominatcs the order of Figurates re- 
quired, and dividing thofe products always by the firft 
produ : thus, the triangular numbers are found by 
dividing the produ@s 1 x 2,2X 3, 3X 4,4 x 5, 
&e, each by the rft pr. 1 x 23 the fir Pyramids by 
dividing the produ@s 1 x 2 X3,2X3X%4,3X4x5, 
&c, by. the firft 1 x 2 x 3. And, in general, the fi- 
ae numbers of any order n, are found by fubftituting 
ucceffively 1, 2, 3, 4, 5, &c; inftead of x inthis general 
tt 2. + 3.& 





expreffion** a ©, wherethe 

T.- 2 . 3 . 4 . & 
faGtors in the numerator and denominator are feppofed 
to be multiplied together, and to be continued till the 


sumber in each belefs by 1 than that which exprefies the 
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order of the Figurates required. See Macleufin’s Flux- 
ions, art. 351, in the notes; alfo Simpfon’# Algebra, 
pa. 213; or Malcolm’s Arithmetic, pa. 36, where 
the fubje@t of Figurates is treated in a very extenlive 
and perfpicuous manner, 

FIGURE, in general, denotes the furface or termi- 
nating extremes of a body. ‘All finite bodies have 
fome figure, form, or fhape ; whence, figerability is 
reckoned among the effential properties of body, or 
matter: abody without Figure, would bean infinitebody, 

Ficuzes, in Archite€ture and Sculpture, denote 
reprefentations of things made in folid matter; fuch ag. 
flatues, &c. 

Ficures, m Arithmetic, are the numeral charaéters,. 
by which numbers are expreffed or written, as the ten 
digits, £, 2, 3, 4, 5:6, 7,8,9,0. Thefe are ufually 
called the Arabic, and Indian figures, from which people 
it is fuppofed they have been derived. They were brought 
into Europe by the Moors of Spain, and into Fngland 
about 1130, as Dr. Wallis apprchends :. fee his Alge.. 
bra, pa. 9. However, from fome ancient dates, fup- 

jofedto confift wholly or in part of Arabian figures, 
Bine have concluded that thefe Figures, celgilly In- 
dian, were known and ufed in this country at leaft as 
early asthe roth century. "The oldeft date difcovered. 
by Dr. Wallis, was on a chimney piece, at Helmdon, 
in Northamptonthire, thus M133, that is 1133. Other 
dates difcovered fince, are 1cgo, at Colchetter, in Ef 
fex ; M16 or 1016, at Widgel-hall, near Buntin ford,. 
in Hertfordfhire ; 1011 on the north front of ie pa- 
rif church of Rumfey in Hampthire; and 975 over 
a gate-way at Worceitter, 

Dr. Ward, however, has urged feveral objections 
againft the antiquity of thefe dates. As no example 
occurs of the ufe of thefe figures in any ancient Tans 
fcript, earlier than fome copies of Johannes de Sacro. 
Bofco, who died in 1256, he thinks it flrange that 





- thefe Figures fhould have been ufed by artificers fo 


Tong before they appear in the writin: 
and he alfo difputes the fa@t. The } elmdon date, aes 
cording to him, fhould be 1233; the Colchefter date 
14903 that at Widgel-hall has in it no Arabic Fin 
gures, the 1 and 6 being [and G, the initial letters of 
aname; and the date at Worcetter confifts, he fup- 
pofes, of Roman numerals, being really MXV. Mar. 
tyn’s Abridg. Philof. Tranf, vol. 9, pa. 420. ‘ 

Mr. Gibbon ebferves (in his Hiftory of the Decline: 
and Fall of the Roman Empire, vol. v. pa. 321). 
that “ under the réign of the caliph Waled, the Greek 
language and charaGters were excluded from the ac- 
counts of the public revenue. If this change was. 
productive of the invention or familiar ufe of our pre.” 
fent numerals, the Arabic charaGters or cyphers, as. 
they are commonly ftyled, a regulation of office hag 
promoted the moft important difcoveries of arithmetic, 
algebra, and the mathematical feiences,”- i 

On the other hand it may be obferved that, « age 
cording to anew, though probable notion, maintained. 
by M. de Villaifon} Anecdota Greeca,. tom. ii. p. 152, 
157), our cyphers are not of Indian’ or: Arabic inven. 
tion: They were ufed by the Greek and Latin arith. 
meticians long before the age of Boethius. Afier the- 
extinGion of feience in the weft, they were adopted 
in the Arabic verfions from the original manufcripts, 


's of the learned ; 
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and refered to the Latins ‘about the eleventh cen- 
tury. z ° - 

Ficuare, in Aftrology, a defcription, draught, or 
conftrudtion of the itate and difpofition of the heavens, 
at a certain point of time ; spuemining the places of the 
planets and ftars, marked down in a Figure of 12 trian- 
gles, called houfes, This is alfo called a Horofcope, 
and Theme. ; 

Ficurs, of an Eclipf, in Aftronomy, denotes a re- 
prefentation upon paper &c, of the path or orbit of the 
Jun or moon, during the time of the eclipfe ; with the 
different phafes, the digits eclipfed, and the beginning, 
middle, and end of darknefs, &c. 

Ficure, or Delineation, of the full moon, fuch as, 
viewed through a telefcope with two convex glaffes, is 
of confiderable ufe in obfervations of eclipfes, and con- 
juntions of the moon with other luminaries. In this 
Figure are ufually reprefented the maculz or fpots of 
the moon, marked by numbers ; beginning with the 
{pots that ufually enter firit within the fhade at the time 
of the eclipfes, and alfo emerge the firft. 

Ficure, in Conic Seétions, according to Apollo- 
nius, is the reCtangle contained under the latus-rectum 
and the tranfverfe axis, in the ellipfe and hyperbola, 

Ficur, in Fortification, is the plan oF any forti- 
fied place; or the interior polygon, &c. When the 
fides, and the angles, are all equal, it is called a regu- 
lar Figure ; but when unequal, an irregular one. 

Ficure, in Geomancy, is applied to the extremes of 
points, lines, or numbers, thrown or caft at random: 
on the combinations or variations of which, the fages of 
this art found their divinations, 

Ficure, in Geometry, denotes a furface or fpace 
inclofed on all fides ; and is either fuperficial or folid ; 
fuperficial when it is inclofed by lines, and folid when it 
is inclofed or bounded by furfaces. 

Figures are either ftraight, curved, or mixed, accord- 
ing as their bounds are ftraight, or curved, or both.— 
‘The exterior bounds of a Figure, are called its fides ; 
the foweft fide, its bafe ; and the angular point oppo- 
fite the bafe, the vertex of the Figure; alfo its height, 
is the diftance of the vertex from the bafe, or the per- 
pendicular let fall upon it from the vertex. 

For Figures, equal, equiangular, equilateral, cir- 
cumf{cribed, infcribed, plane, regular, irregular, fimi- 
Tar, &c; fee the refpective adjeCtives, 

Apparent Ficure, in Optics, that Figure, or fhape, 
under which an obje&t appears, when viewed at a dif. 
tance. This is often very different from the true fi- 
gure; for a ftraight line viewed at a diftance may ap- 
pear but as a point; a furface as a line; a folid asa 
furface ; and a crooked figure as a ftraight one. Alfo, 
each of thefe may appear of different magnitudes, and 
fome of them of different fhapes, according to their 
fituation with regard to the eye. Thus an arch of a 
eircle may appear a ftraight line ; a {quare or parallelo- 

‘am, atrapezium, or even a triangle; a circle, an el- 
Epc ; angular magnitudes, round ; a {phere, a circle 5 


c 
" Alfo any fmall light, as a candle, feen at a diftance 
in the dark, will appear magnified, and farther off than 
it really is. - Add to this, ‘hat when feveral objets are 
feen at a diftance, under angles that are fo {mall as to 


. be infenfible, as well as each of the angles fubtended by 
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any one of them, and that next to it; then all thefe 
objects appear not only as contiguous, but as contti- 
tuting and feeming but one continued magnitude. 

Ficure of the Sines, Cofines, Verfed-fines, Tangente, 
or Secants, (Fc, are Figures made by conceiving the 
circumference of a circle extended out ina right line, 
upon every point of which are eredted perpendicular 
ordinates equal to the Sines, Cofines, &c, of the cor- 
refponding arcs; and then drawing the curve line 
through the extremity of all thefe ordinates ; which is 
then the Figure of the Sines, Cofines, &c. 

It would feem that thefe Figures took their rife from 
the circumitance of the extenfion of the meridian line by 
Edward Wright, who computed that line by colle€ting 
the fucceffive fums of the fecants, which is the fame 
thing as the area of the Figure of the fecants, this 
being made up of all the ordinates, or fecants, by the 
conitru€tion of the Figure. And in imitation of this, 
the Figures of the other lines have been invented, By 
means of the Figure of the fecants, James Gregory 
fhewed how the logarithmic tangents may be con- 
ftruéted, in his Exercitationes Geometrice, 4to, 1668. 


Conftruétion of the Figures of Sines, Cofines, &e. 


_ Let ADB &c (fig. 1) be the circle, AD an arc, DE. 
its fine, CE its cofine, AE the verfed fine, AF the 


. tangent, GH the cotangent, CF the fecant, and CH 


the cofecant. Draw a right line aa equal to the whole 
circumference ADGBA of the circle, upon which lay 
off alfo the lengths of feveral arcs, as the arcs at every 
10°, from o at a, to 360° at the other end at a3 upor 
thefe points raife perpendicular ordinates, upwards or 
downwards, according as the fine, cofine, &c, is affir- 
mative or negative in that part of the circle ; lafly, 
upon thefe ordinates fet off the length of the fines, co- 
fines, &c, correfponding to the arcs at thofe points of 
the line or circumference aa, drawing a curve line 
through the extremities of all thefe ordinates ; which 
will be the Figure of the fines, cofines, verfedfines, tane 
gents, cotangents, fecants, and cofecants, as in the an- 
nexed Figures. Where it may be obferved, that the 
following curves are the fame, viz, thofe of the fines 
and cofines, thofe of the tangents and cotangents, and 
thofe of the fecants and cofecants ; only fome of their 
parts a little differently placed. 


Sines. 








Cofines, Verfedfines. 


peed 


Tangents, 


FIG 


Tangents. Cotangents. 


Secants. 








It may be known when any of thefe lines, viz, the 
fines, cofines, &c, are affirmative or negative, i. €. to 
be fet upwards or downwards, by obferving the fol- 
lowing general rules for thofe lines in the 1it, 2d, 3d, 
and 4th quadrants of the circle. 

The fines in the 1ft and 2d are affirmative, 

in the 3d and qth _—negative: 
The cofines in the rift and 4th are affirmative, 
in the 2d and 3d negative : 
in the rft and 3d are affirmative, 
in the 2d and 4th _ negative: 
in the ft and 3d_ are affirmative, 
in the 2d and 4th _ negative: 
in the 1ft and 4th are affirmative, 
in the 2d and 3d negative : 
in the 1ft and 2d are affirmative, 
in the 3d and 4th negative: 
And all the verfedfines are affirmative. 


To find the Equation and Area, Sc, to each of thefe Curves. 


Draw any ordinate de; putting r = the radius AC 
of the given circle, x = ad or AD any abfcifs or arc, 
and y = de its ordinate, which will be either the fine 
DE =s, cofine CE = c¢, verfedfine AE = 2, tan- 
gent AF = ¢, cotangent GH = 1, fecant CF =f, or 
cofecant CH = o, according to the nature of the par- 

- ticular conftru@tion. Now, from the nature of the 
circle, are obtained thefe following general equations, 
expreffing the relations between the fluxions of a circu- 
lar arc and its fine, or cofine, &e. 


The tangents 
The cotangents 
The fecants 


The cofecants 





4 rs. gs: re — rv = rt 
ee. me Vea Vorv—vo +h 
i= = rf _ =rg 
“Ree fon e/@ae 


And thefe alfo exprefs the relation between the abfcifs 
and ordinate of the curves in queftion, each in the or- 
der in which it ftands ; where x is the common abicifs ta 
all ofthem, and the refpetive ordinates ares, c, v, ty 
1, f; and. And hence the area &c, of any of thefe 
curves may be found, as follows + . 
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__ i. Inthe Figure of Sines.—Here « == ad and s = 
the ordinate de; andthe equation of they curve, a6 


rs $ 
+ Hence the fluxion of the 








above, is = ————= 
VP as 

me rss ‘ + 

- area, or sx is ; the corre€t fluent of whichis 
r? am 5% 


Perv? — FA =H re = rv the re€tangle of ra- 
dius and verf. i, e. — or + ass is increafing or decreaf- 
ing ; which is a general expreffion for the area ade in 
the Figure of fines. Whens = 0, as ata or 6, this 
exprefiton becomes o or 2r7; that is o at a, and 2r% 
= the area aeb; or r* = the area of afg when ad be- 


* comes a quadrant af. 


2. dna the Fieors of Cofiness—Here x =: ad and 
¢ = de; and the equation of the curve is + 


—re 


a= - Hence the fluxion of the area is 


3 and the fluent of this is r 4/7? — c* 





= rs, the reCtangle of radius and fine, for the gene- 
ral area adec. When s =r, or ¢ = 0, this becomes 7? = 
the area afc, whofe abfcifs af is equal to a quadrant of 
the circumference ; the fame as in the Figure of the 
fines, upon an equal abfcifs. 

3. Ln the -Ficors of Verfedfines—Here x = ad, and 
v = de; and the equation of the curve is 

rv 


Hence the fluxion of the area is 


t= 





V2re UU 


roe roe 
(= = ~~ ; and the fluent of 
= Sw. are 
this is rx — rs = r Xx AD — DE for the area adein 
the Figure of verfed fines. When AD or ad isa qua- 


drant AG or af, this becomes sue, - 


area afy. And when AD or ad is a femicircle ab, it 
becomes 3°1416r = the area abg in the Figure of verfed+ 
fines. : 

4. dn the Ficurs of Tangents.—Here x = ad, and 





r? = the’ 





re 


m4 2° 
rey 

‘ are! and 
the correét fluent of this is jr? x hyp. log. of 


ret 748 
s =1* x hyp. log.of 7" 


# = de; and the equation of the curve is * = 


Hence the fluxion of the area is #x = 





= 1? x hyp. log. 


of £ And hence the Figure of the tangents may be? 
r 


ufed for conftructing the logarithmic fecants; a pro- 
perty that was remarked by Gregory at the end of hig 
Exercit. Geomet. 

When ad becomes a quadrant af, ¢ being then infi- 
nite, this becomes infinite for the area afg. And the 
fame for the Figure of cotangents, beginning at f in- 
Read of a. 

1 5. For 


“RIN 
5. Forghe Fiavas of the Secants—Here # = ad, and 











fe X 2 - 
J =-de aiid the equation of the curve isi = ccs Ba 
pee 
Hence the fluxion of the area is f= 7 a 3 the 
oye: 


: fa yh 
fluent of which is r7 x hyp. log. Pe ie dd hed 
Fa 
-for the general area ade. And when ad becomes the 
quadrant af, this expreffion becomes infinite for the 
area afy. 

The fame procefs will ferve for the Figure of cofe- 
cants, beginning at finflead of a. 

From hence the meridional parts in Mercator’s chart 
amay be calculated for any latitude AD or ad: For the 
merid. parts : are to the are of latitude AD :: as the 

* fum of the fecants : to the fum of as many radii or :: 
as the area ade: to ad x radius ac or AD x ACin 
the firft figure. 

FILLET, in Architeéture, any little {quare mem- 
ber or ornament ufed in crowning a larger moulding. 

FINJQUS (Orontivs), in French Finé, profeffor 
of mathematics in the Royal-college of Paris, was the 
fon of a phyfician, and was born at Briangon in Dau- 

hing in 1494. He went young to Paris, where his 
Riends rocured him a place in the college of Navarre. 
He apclicd himfelf there to philofophy and polite lite- 
rature ; but more efpecially to mathematics, in which, 
having a natural propenfity, he made a confiderable profi- 
ciency. Particularly he made a good progrefs in mecha- 
nics; in which, having both a genius to invent inftru- 
ments, and a fkilful hand to make them, he gained 
much reputation by the fpecimens he gave of his inge- 
auity. : 
inzeus firft made himfclf publicly known by correét- 
ing and publifhing Siliceus’s Arithmetic, and the Mar» 
garita ai acer He afterwards read private Iec- 
tures in mathematics, and then taught that fcience pub- 
- Hicly in the college of Gervais: from the reputation of 
which, he was recommended to Francis the 1{t, as the 
poet perfon to teach mathematiés in the new col- 
lege which that prince had founded at Paris. And 
here, though he {pared no pains to’improve his pupils, 
fhe yet found time to publifh a great many books upon 
oft parts of the mathematics. “But neither his genius, 
his labours, his inventions, and the efteem which num- 
berlefs perfons fhewed him, could fecure him from that 
Fate which fo often befalls men of letters. He was ob- 
diged to ilruggle all his life time with poverty ; and 
when he died, left a numerous family deeply in debt. 
‘However, as merit mult always be efteemed in fecret, 
though it feldom has the luck to be rewarded openly ; 
fg Fineus’s children found Mecenafes, who for their 
father’s fake affifled his family.—Ide died in 1555, at 
61 years of age. 

Like all other mathematicians and aftronomers of 
‘thofe times, he was greatly addicted to altrology ; and 
had the misfortune to be a long time imprifoned for 
‘having predicted fome things, that were not acceptable 
to the court of France. He was alfo one of thefe, who 
wainly boafted of having found out the quadrature of 
the circle. An editioncf his works, tranflated into the 
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Italian re, was publithed in 4to, at Venice, 15873 
confifting of Arithmetic, Praétical Geometry, Cofmo- 
graphy, Aftronomy, and Dialling. __ 

FINITE, the property of any thing that is bound- 
ed or limited, either in its power, or extent, or duration, 
&c 3 as dittinguithed from the property of infinite, or 
without bounds. 3 

FINITOR, the horizon ; being fo called, becaufe 
it finifhes or bounds the fight or profpedct. 

FIRE, is that fubtile invifible caufe by which bodies 
are made hot to the touch, and expanded or enlarged in 
balk; by which fluids are rarefied Into vapour ; or fo- 
lid bodies become fluid, and at laft either diflipated and 
carried off in vapour, or elfe melted into glifs. It feems 
alfo to be the chief agent in nature on which animal and 
vegetable life have an immediate dependence. : 

The difputes concerning fire,“ which loog exifted 
among philofophers, have now ina great meafure fub- 
fided. ‘Thofe celebrated philofophers of the laft cen 
tury, Bacon, Boyle, and Newton, were of opinion, that 
Fire was not a fubftance diftinad from other bodies, but 
that it entirely confifted in the violent motion of the 
parts of any body, which was produced by the mecha- 
nical force of impulfion, or of attrition, So Boyle 
fays, when a piece of iron becomes hot by Eammnering 
“there is nothing to make it fo, except the forcible 
motion of the hammer impreffing a vehement and va- 
rioufly determined agitation on the {mall parts of the 
iron.” And Bacon defines heat, which he makes fyn- 
onymous with Fire, an “ expanfive undulatory motion 
in the minute particles of a bss, whereby they tend 
with fome rapidity from a centre towards a circumfer- 
ence, and at the fame time a little upwards.” And ac- 
cording to Newton, Fire is a body heated fo hot as to 
emit light copioufly ; for what elfe, fays he, is red-hot 
iron, but Fire ? and what elfe is a fiery coal than red- 
hod wood? by which he fuggefts, that bodies which are. 
not Fire, may be changed and converted into it. 

On the other hand, the chemifts ftrenuoufly contend- 
edthat Fire was a fluid of a certain kind, diftin@ from 
all others, and univerfally prefent throughout the whole 
globe. Boerhaave particularly maintained this doétrine ; 
and in fupport of it brought this argument, that flint and 
ftlecl would ftrike fire, and produce the fame degree of 
heat in Nova Zembla as they would do under the equa- 
tor. Other arguments were drawn from the increafed 
weight of metallic calces, which they thought proceed- 
ed from the fixing of the element of Fire in the fub- 
ftance whofe weight was thus increafed. For a long 
time however, the matter was moft violently difputed ; 
but the mechanical philofophers at laft prevailed through 
the deference paid to the principles of Newton, though 
he himfelf had fearcely taken any aétive part in the 
contelt, 

‘The experiments of Dr. Black however feemed to 
bring the difpute to a decifion, and that in favour of 
the chemifts, concerning what he called latent-heat. 
From thefe difcoveries it appears, that Fire may exilt, 
in bodizs in fuch a manner, zs not to difcover itfelf in 
any other way than by its action on the minute parts of 
the body ; but that fuddenly this ation may be changed 
in fuch a manner, as no longer to be direéted upon the 
particles of.the body itfelf, but upon external objects 3 
in which cafe we then perceive its a€tion by our fenfe of 
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feeling, or difcover it by the thermometer, and call it 
heat, or fenfible Fire. . 

From this difeovery, and others in ele&ricity, it is 
now pretty generally allowed, that Fireis a diftiné fluid, 
capable of being transferred from one body to another. 
But when this was difcovered, another quettion nto lefs 
perplexing arofe, viz, what kind of a fluid it was; or 
whether it bears any analogy to thofe with which we are 
better acquainted. Now there are found two fluids, viz, 
the folar hight, and the eleftric matter, both of which vc- 
cafionally aét as fire, and which therefore feem likely to 
be all the fame at the bottom ; and popularly the mat- 
ter has been long fince determined ; the folar rays and 
the electric fluid having been indifferently accounted ele- 
mentary Fire. Some indeed have imagined both thefe 
fluids to be mere phlogilton itfelf, or at leaft containing 
a large portion of it; and Mr. Scheele went fo far in 
this way as to form an hypothefis, which he endea- 
voured to fapport by experiments,. that Fire is com- 
pofed of phlogifton and dephlogifticated air. But it is 
now afccrtained beyond doubt, that the refult of fuch a 
«combination is not Fire, but fixed air. 

It was long fince obferved by Newton, that heat was 
-certainly conveyed by a medium more fubtile than the 
common air; for two thermometers, one included in 
the vacuum of an air-pump, the other placed in the 

* open air, at an equal diftance from the fire, would 
grow equally hot in nearly the fame time. This and 
other experiments thew, that Fire exifts.and a€ts where 
there is no other matter, aud of confequence it is a fluid 
per fe, independent of every terveftrial fubftance, with- 
out being generated or compounded of any thing we 
ard yet acquainted with. ‘To determine the nature of 
the fuid, we haye only to confider whether any other 
can be difcovered which will pafs fuser the perfec 
vacuum jutt mentioned, and aét there as Fire. - Such a 
fluid is found in the folar light, which is well known 
to at even -in vacuo as the moft violent Fire. ‘The 
‘folar light will tikewife a@ in the very fame manner 
in the moft intenfe cold; for M. de Sauffure has 
‘found, that. on the cold mountain top the fun-beams 
are equally powerful as on the plain below, if not 
anore fo. It appears therefore, that the folar light 
will produce heat independent of any other fub- 
flance whatever ; that is, where no other body is pre- 
fent, at leaft as far as we can judge, except the light 
itfelf, and the body to be aéted upon. We cannot 
“therefore avoid concluding, that a certain modification 
of the folar light is the caufe of heat, expanfion, va- 
pour, &c, and anfwers to the reft of the charaters 
given in the foregoing definition of Fire, and that in- 
dependent of any other fubitance whatever. 

It is very probable too, that the ele€tric matter is 
‘no other than the folar light abforbed by the earth, 
and thus becoming fubje& to new laws, and affuming 
vmany properties apparently different from what it has 
when it atts as light, - Even in this cafe it manifefts its 
identity with Fire or light, viz, by producing a moft in- 
tenfe heat where alarge-quantity of it pafles through a 
fmalt fpace. So that at any rate, the experiments 
which have already been made, and the proofs drawn 
from the phenomena of nature, fhew fuch a ftrong affi- 

ity between'the elements of Fire, light and electricity, 
ft we may not only affert-their identity. upon the 
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moft probable grounds, but lay it dows as a’ pofitios 
againit which at prefent no argument of ang weight 
has an exiftence, a 
Fire-Arrow, is a {mall iron dart, furnifhed. with 
fprings and bars, and alfo a match impregnated with 
fulphur and powder, which is wound about its fhaft. 
It ts chiefly ufed by privateers and pirates to fire the 
fails of the enemy’s thip, and for this purpofe it is dif- 
charged from a mufketoon, or a fwivel gun, The match 
being kindled by the explofion, it communicates th¢ 
flame to the fail againft which it is directed, where the 
arrow faftens itll by means of its bars and fprings. 
‘This weapon is peculiar to hot climates, particularly 
the Weit Indies; the fails being very dry, are quickly 
fet on Fire, and the Fire is foon conveyed to the 
mafts, rigging, and finally to the veifel itfelf. 
Fire-Ball:, in Artillery, are certain balls compofed of 
combuiftible matters, fuch as fine or mealed powder; 
fulphur, faltpetre, rofin, pitch, &c. Thefe are thrown 
into the enemy’s works in the night time, to difcover 
where they are; or to fet Fjre to houfes, galleries, or 
blinds of the befiegers, &c. They are fometimes armed 
with {pikes or hooks of iron, that they may not roll 
off, but flick or hang where they are to take effect. 
Fire-Balls, or. Fiery-Meteors, in Meteorology, a 
kind of luminous bodies ufually appearing at a great 
height above the earth, with a {plendor furpafling that 
of the moon, and fometimes apparently as large. ‘They 
have not been found to obferve any regular courfe ot 
motion, but, on the contrary, moving in al direiongy 
and with very different degrees of celerity ; frequently 


- breaking into feveral fmaller ones; fometimes making 


a ttrong hiffing found, fometimes burfting or vanithing 
with a loud report, and fometimes not. 

Thefe luminous appearances doubtlefs comftitute oné 
part of the ancient prodigies, blazing ftars, or comets, 
which laft they fometimes refemble in being attended 
with a train ; but more often they appear round. The 
firft of thefe of which we have any accurate account, 
was obferved by Dr. Halley, and fome other philofo- 
phers at different places, in the year 1719, the height of 
which above the furface of the earth was computed at 
more than 70 miles. Many others have been pret! 
accurately obferved fince that time, and defcribed by 

hilofophers, as in the French Memoirs, and in the | 

hilof. Franf. vols. 30, 41, 42, 435 46, 47) 48, 51y 
53s 54, 63, 74, &c. The velocities, directions, ap~ 
pearances, and heights of all thefe were found to be 
very various ; though the height of all of them was fup- 
pofed above the limits affigned to our atmofphere, or 
where it lofes its refradtive power. The moft re- 
markable of thofe on record, appeared on the 18th of” 
Augutt 1783, about g o’clock in the evening. It was 
feen to the northward of Shetland, and took a fouth. 
ealterly dire€tion for an immenfe {pace, being obferved 
as far as the fouthern provinces of France, and by fome 
it was faid to have been feen at Rome, paffing over a 
Space of rooo miles in about half a minute of time, 
and at a very great height. During its courfe it ap- 
peared [everal times to change its fhape ; fometimes 
appearing in the form of one ball, fometimes of two 
or more ; fometimes with a train, and fometimes with- 
out one. , 

‘There are divers opinions concerning the nature and 
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erigin of thefe Fireballs. The firft thing’that eccur= 
red te ghilofophers on this fubjet was, that the me- 
teors in queftion were burning bodies rifing. from the 
farface of the earth, and Aymg through the atmo- 
{phere with great rapidity. But this hypothefis was 
foon rejeéted, on confidering that there was no 
power known by which fuch bodies could either be 
raifed to a fuffictent height, or projeéted with the ve- 
locity of the meteors. “he next hypothefis was, that, 
initead of one fingle body, they confift of a train of 
fulphureous vapours, extending a vait way through the 
atmofphere, and being kindled at one end, difplay the 
Juminous appearances in queftion by the fire running 
from one end of the train to the other. But it is 
not eafy to conceive how fuch matters can exift and 
be difpofed in fuch lines in fo rare a part of the atmo- 
{phere, and even to burn there, in an aimoft perfect 
vacuum. For which reafon this hypotheiis was aban- 
doned, for another, which was, that thofe meteors are 
permanent folid bodies, not rifing from the earth, but 
revolving round it in very excentric orbits, and thus 
in their perigeon moving with vait rapidity. But as 
the vatious appearances of one and the fame meteor, 
to obfervers at different places, are not compatible with 
the idea of a fingle body fo revolving, this hypothefis 
has alfo been given up in its turn. Another hypo- 
thefis ‘that has fometimes been advanced is this; viz, 
_ that thefe meteors are a kind of bodies that take fire 
as foon as they come within the atmofphere of the 
earth. But this cannot be fuppofed without implying a 
previousknowledge of thefe bodies, which it is impoflible 
we canhave. The only opportunity we can have of fee 
ing them, iswhen theyare on fire. Beforethat time they 
are in an invifible and unknown ftate; and it is furely 
improper to argue concerning them in this ftate, or 
pretend to determine any one of their properties, when 
it is not in our power at all to fee or inveltigate them, 
As thefe meteors therefore never manifeft themfelves 
to our fenfes but when they are on fire, the only ra- 
tional conclufion we can draw from thence is, that they 
have no exiftence in any other ftate ; and confequently 
that their fubftance muft be compofed of that fluid 
which, when aéting after a certain manner, becomes 
luminous and thews itfelf as fire; remaining invilible 
and eluding our refearches in every other cafe. On this 
hypothefis, it is now pretty generally concluded, that 
the Fire-balls are great bodies of eletric matter, moy- 
ing from one part of the heavens where, to our con- 
ception, ‘it is fuperabundant, to another where it is de- 
ficient :, a conclufion attended with much probability, 
from the analogy obferved between electricity and the 
phenomena of thefe meteors: and hence thefe Fire- 
balls appear to be of the fame family with fhooting- 
flars, lightning, the aurora-borealis, &c, being all refer- 
red to the fame origin, viz, the eleétricity of the atmo- 
fphere. 

Fire-Engine, is a machine for extinguifhing acci- 
dental Fires by means ofa ftream or jet of water. The 
common fquirting Fire-engine confifts of a lifting pump 
placed in a veffel of water, and wrought by two levers 
that a& always together. During the ftroke, the wa- 
ter raifed by the pifton of the pump fpouts forcibly 
through a pipe joined to the pump-barrel, and made ca- 
pable of any degree of elevation by means of a yield- 
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ing leather pipe, or by a ball and focket turning every 
way, ferewed on the top of the pump. The veffel 
containing the water is covered with a itrainer, to pre- 
vent the mud, &c, which is poured into it with the 
water, from choking the pump-work. Between thé 
ftrokes of this engine the ftream is difcontinued, for 
want of an air veflel However, in fome cafes, En- 
gines of this conftruétion have their ufe, becaufe the 
ftream, though interrupted, is much fmarter than when 
the engine is made to throw water in a continued 
flream. Sve thefe Engines pasticularly defcribed in Def. 
aguliers’s Exper. Philof. vol, 2, pa. 5053 or Mar- 
tin’s Philof. Britan. vol. 2, pa. 69. See alfo the figure 
of them, plate vii. fig. 3. 

Firt-Engine, is alfo fometimes ufed for the machine 
employed in railing water by fteam, and more properly 
called Sream-Engine ; which fee. 

Fies-Lock, or Fufil, a {mall gun or mutket, which 
fires with a flint and fteel ; as diftmguithed from the old 
mutket, or match-lock, which was fired with a match, 
The Fire-lock is now in common ufe with the European 
armies, and carried by the foot-foldiers. It is ufually 
about 3 feet & inches in the barrel; and, including the 
ttock, 4 feet 8 inches, carrying a leaden bullet, of which 
29 make 2!b. The diameter of the bell is +55, and that 
of the barrel +56 parts of an inch. ‘The time of the ins 
vention of Fire-locks is uncertain ; but they were ufed 
in 1690. 

Fire-Places, are contrivances for communicating heat 
to rooms, and alfy for anfwering various purpofes of art 
and manufacture. 

The general properties of air and fire, on which 
their conftru€tion chiefly depends, are the following, 
viz, that air is rarefied by heat, and coadenfed by cold; 
i, e.* the fame quantity of air takes up more {pace when 
warm than when cold. Air rarefied and expanded by 
heat, is {pecifically lighter than it was before, and will 
rife in other air sh erentes denfity : fo that a tire being 
made in any chimney, the air about and over the fire 
is rarefied by the heat, thence becomes lighter, and 
fo rifes in the funnel, and goes out at the top of the 
chimney: the other air in the room, flowing towards 
the chimney, fupplies its place, is then rarefied in its 
turn, and rifes likewife; and the place of the air thus 
carried out of the room, is fupplied by freth air comin, 
in through doors and windows, or, if they be fhut, 
through every crevice with violence ; or if the avenues 
to the room be fo clofed up, that little or no freth fup- 
ply of air can be obtained, the current up the funnel 
mutt flag ; and the fmoke, no Jonger driven up, float 
about in the room. 

Upon thefe principles, various contrivances and 
kinds of Fire-grates and ftoves have been devifed, from 
the old very open and wide chimney places, down to 
the prefent modith ones, which are much narrowed 
in the front, opening, by fide and back jambs, and a 
low breait or mantle, befides the convenience of a flap, 
called a regifter, that covers the top of the Fire-ftove, 
but opening to any degree with a {mall winch, which 
lifts the back part floping upwards, and fo throws the 
fmoke freely up the funnel, and yet admitting as little 
air to pafe as you pleafe ; by which fimple means the 
warm air is kept very much in the room, while the ve 
narrow and floping orifice promotes the brifk afcent of 

the 


FIR, 


the {moke, ‘and yet prevents its return down again, fer 
the fame reafon. : 

Another very ingenious, but more complex, appara- 
tus, called the Penfylvania Fire-place, was invented by 
Dr. Franklin, by which a roam is kept very warm 
by aconttant fupply of frefh hot air, that paffes into 
it through the tlove itfelf, See the defcription in his 
Letters and Papers on Philofophical Subjects. 

Firs-Pot, in the Military Art, is a {mall eerthen 
pot, into which is put a grenade, filled with fine pow- 
der till the grenade be covered ; the pot is then covered 
with a picce of parchment, and two pieces of match laid 
acrofe and lighted. This pot beiag thrown where it 
is defigned to do execution, breaks and fires the pow- 
der, and this again fires the powder in the grenade, 
which ought to have no fuze, that its operation may 
be the quicker. 

Rafant, or Razan: Fire, is 2 fire from the artillery 
and fiall arms, direéted parallel to the horizon, or to 
thofe parts of the works of a place that are defended. 

_ Running Fixe, is when ranks of men fire one after 
another; or when the lines of an army are drawn out 
to fire on account of a vigtory; in which cafe egeh 
fquadron or battalion takes the fire from that on its 
right, from the right of the firft line to the left, and 
from the left to the right of the fecond line, &c. 

Fire-Ships, in the Navy, are veflels charged with 
combuflible materials or artificial Fire-works ; which 
having the wind of an enemy’s fhip, grapple her, and 
fet her on fire. 

Anderfon, in his Hiftory of Commerce, vol. 1, pa. 
32, afcribes the invention to the Englith, in this in- 
ance, viz, fome veffels being filled with combuttible 

matter, and fent among the Spanifh fhips compofing 
the Invincible Armada in 15883 and hence sake it is 
faid the terrible invention of Fire-thips. 

But Livy informs us, that the Rhodians had invent- 
eda kind of Fire-thips, which were ufed in junétion 
with the Roman fleet in their engagement with the 
Syrians, in the year 1g0 before Chnift: cauldrons of 
eombuitible and burning materials were hung out at 
their prows, fo that none of the enemies’ fhips durft ap- 
proach them: for thefe fell on the enemies’ gallies, ftruck 
their beaks into them, and at the fame time fet them on 
fire. Livy, lib. 37, cap. 30. 

Wild-Fige, is a kind of artificial or faétitions fire, 
that burns even under water, and that with greater vio- 
Jence than out of it. It is compofed of fulphur, naphtha, 
pitch, gum, and bitumen, and it is only extinguifhable 
by vinegar, mixed with fand and urine, or by covering 
it with raw hides. It is faid its motion is contrary 
to that of natural fire, always following the direétion in 
which it is thrown, whether it be downwards, fideways, 
or otherwife. 

The French call it Greek Fire, or Feu Gregeois, 
becaufe firlt ufed by the Greeks about the year 660, 
as is obferved by the fefuit Petavius, on the authority 
of Nicetas, Theophanes, Cedrenus, &c. The inventor, 
according to the fame author, was an engineer of He- 
liopolis, in Syria, named Callinicus, who eet applied it 
in the fea-fight commanded by Conftantine Pogonates, 
againft the Saracens, near Cyzicus, in the Heliefpont ; 
and with fuch effect, that he burnt the whole fleet, 
which contained 30,000 mea, But others refer it to 
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a much older date, and aferibe the invention tc Mareus 
Gracchus; au opinion Which is fupported by feverat 
palages, both in the Greek and Roman writers ; which 
thew that it was anciently ufed by both thefe nations in 
their wars. See Scaliger againit Cardan. 

The facceffors of Conftantine ufed it on feveral oc- 
cafions, with great advantage : and it is remarkable that 
they were able to keep the fecret cf the compofition to 
themf-!ves ; fo that no other nation knew it in the year 





rded hy Chorier, in his Hitt, de Dauph. that 
sing of Vurgandy, demanding fhips of the em- 
peror Jico for the tiege of Frefne, dehred alfo the 
Greck Fire. 

And F. Daniel gives a good defeription of the Greek 
Fire, in his account of the fiege of Damietta, under St. 
Louis. Every body, fays he, was aftonifhed with the 
Greek Fire, which the ‘lurks then prepared ; and the 
fecret of which is now loft. They threw it out of a kind 
of mortar, and fometimes fhot it with an odd fort of 
crofs-how, which was ftrongly beat by means of a handle, 
or winch, of much greater force than the bare arm. 
That which was thrown from the mortar fometimes ap- 
peared in the air of the fize of a tun, with a long tail, 
and a noife like that of thunder. The French, by de- 

revs, got the fecret of extinguifning it ; in which they 

ucceeded feveral times. 

After all, perhaps the invention of the Wild-Fire is 
to be afcribed to other nations, and to a ftill older 
date, and that it was the fame as that -ufed among the 
Indians in Alexander’s invafion, when it was faid they 
fought with thunder and lightning, or fhot Fire with 
a terrible noife. 

Fire-WVorks, otherwife called Pyrotechnia, are arti- 
ficial Fires, or preparations made of pupae fulphur, 

ible ingredients, ufed 





and other inflammable and combutti! 
on occafion of public rejoicings, and other folemnities, 
The principal of thefe are rockets, ferpents, ftars, hail, 
mines, bombs, garlands, letters, and other devices, 

The invention of Fire-works is attributed, by M. 
Mahndel, to the Florentines and people of Sienna; who 
found out likewife the method of adding to them de- 
corations of ftatues, with fire iffuing from their eyes and 
mouths. 

FIRKIN, an Englith meafure of capacity ; being 
the 4th part of a barrel ; and containing 8 gallons of ale, 
foap, butter, or herrings ; or g gallons of beer, 

FIRLOT, a dry meafure uled in Scotland. The 
oat-frlot contains 21} pints of that country, or about 
85 Englifh pints; and. the barley-firlot, 31 ftandard 
pints. The wheat firlot contains about 2211 cubic 
inches ; and therefore exceeds the Englifh buthel by 60 
cubic inches, or almoft an Englifh quart. 

FIRMAMENT, by fome old aitronomers, is the 
orb of the fixed ftars, or the highelt of all the heavens, 
But in feripture and common language it is ufed for 
the middle regions, or the fpace or expanfe appearing 
like an arch quite around or above us in the heavens. 
Many ancients and moderns alfo accounted the Firma- 
ment a fluid matter ; but thofe who gave it the name 
of Firmament muft have taken it for a folid one. 

FIRMNESS, is the confiftence of a body ; or that 
ftate when its fenfible parts-cohere, or are united to- 
gether, fo that the motion of one part induces a mo- 
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. tion of the reft. In which fenfe firmnefs Ttands oppo- 
fed to fluidity. : 

The fitmne(s of badies then depends on the connexion 
or cchefion of their particles ; and the caufe of cohefion 
the Newtonians hold to be an attractive force, inherent 
in bodies," which binds their {mall particles together ; 
exerting itfelf only at the points of contact, or extreme- 
Jy near them, and vanifhing at greater diftances. 

FIRST Mover, ia the old Aftronomy, is the Pri- 
mum Mobile, or that which gives motion to the other 
parts of the univerfe. 

FISSURES, in the Eliftory of the Earth, are cer- 
tain interruptions, moitly parallel to each other, that di- 
vide or feparate the ftrata of it from one another, in 
nearly horizontal direGiions ; and the parts of the fame 
ftratum in nearly vertical diveCtions. 

FIXED Line of Defence, a line drawn along the 
face of the baftion, and terminating in the curtain, 

Frixep Signs of the Zodiac, according to fome, are the 
four figns Taurus, Leo, Scorpio, Aquarius. They 
are fo called becaufe the fun paffes them refpeCtively 
in the middle of each quarter, when that feafon is more 
fettled and Fixed than under the figns which begin 
and end it. 

Fixep Stars, are fuch as conftantly retain the fame 
pofition and diftance with refpeé to each other; by 
which they are contradiflinguifhed from erratic or wan- 
dering ftars, which are continually varying their fitua- 
tion and diftance.—The Fixed Stars only are properly 
and abfolutely called ftars ; the reft having their pecu- 
liar denomination of planet or comet. 

FIXITY, or Fixepyess, the quality of a body 
which determines it fixed ; or a property which enables 
it to endure thé fire and other violent agents. 

A body may be faid to be fixed in two refpedts: ft, 
When on being expofed to the fire, or a corrofive men- 
ftruum, its particles are indeed feparated, and the body 
rendered fluid, but without being refolved into its firft 
elements, The 2d, when the body fuftains the active 
force of the fire or menitruums whilit its integral parts 
are not carried off in fumes. Each kind of Fixity is 
the refult of a ftrong or intimate cohefion between the 
particles. 

FLAME, the fubtleft and brighteit part of the fuel, 
afcending above it in a pyramidal or conical figure, and 
heated red-hot. Sir aac Newton defines Flame as 
only red-hot fmoke, or the vapour of any fubftance 
raifed from it by fire, and heated to fuch a degree as 
to emit light copioufly. Is not Flame, fays he, a va- 
pour, fume, or exhalation, heated red-hot ; that is, fo 
hot as to thine? For bodies do not Flame without 
emitting a copious fume; and this fume burns in the 
Flame. The ignis fatuus is a vapour fhining without 

‘heat ; and is there not the fame difference between this 
vapour and Flame, as between rotten wood fhining with- 
out heat, and burning coals of fire? In diftilling hot 
fpirits, if the head of the till be taken off, the vapour 
which afeends will take fire at the Flame of a candle, 
and turn into Flame. Some bodies, heated by motion 
or fermentation, if the heat grow intenfe, fume copi- 
oufly ; and if the heat be great enough, the fumes will 
fhine, and become Flame. Metals in fufion do not 
Flame, for want of a copious fume.. All flaming bo- 
dies, as oil, tallow, wax, wood, foflil coal, pitch, ful- 

8 
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phur, &c, by burning, wafte in fmoke, which at fir 
1s lucid ; but ata little diftance from thebody ceafes ta 
be fo, and only continues hot. When the Flame is 
put out, the fmoke is thick, and frequently fmelle 
itrongly : but in the Flame it lofes its fmell; and, ac- 
cording to the nature of the fuel, the Flame is of divers ° 
colours. That of fulphur and fpirit of wine is blue ; 
that of copper opened with fublimate, green ; that of 
tallow, yeliow ; af caniphire white ; kc. Newton’s Op 
tics, p. 318. 

FLAMSTEED (Joun), an eminent Englith aftro- 
nomer, being indeed the fir aftronomer royal, for 
whofe ufe the royal obfervatory was built at Greenwich, 
thence called Flamfteed Houfe. He was born at Denby 
in Derbyfhire the roth of Auguft 1646. He was edu. 


cated at the free fehool of Derby, where his father 


lived ; and at 14 years of age was aflli@ed with a fevere’ 
illnefs, which rendered his con{titution tender ever afters, 
and prevented him then from going to the univerfity, for 
which he was intended. He neverthelefs profecuted 
his fchool education with the beft effeét ; and then, in 
1662, on quitting the grammar fchool, he purfued the 
natural bent of his genius, which led him to the ftudy 
of aftronomy, and clofely perufed Sacrobofco’s book De 
Sphera,which fell in his way, and which latd the ground- 
work of all that mathematical and aftronomical knows 
ledge, for which he became afterward fo jufly famous, 
He next procured other more modern books of the fame 
kind, and among them Streete’s Affronomia Carcliney 
then lately publifhed, from which he learned to calcu- 
late eclipfes and the planets’ places. Some of thefe 
being thewn to a Mr. Halton, a confiderable mathema- 
tician, he lent him Riccioli’s Alnageflum Novum, and 
Kepler’s Tabule Rudolphine, which he profited much by. 
In 1669, having calculated fome remarkable eclipfes 
of the moon, he fent them to lord Brouncker, prefi- 
dent of the Royal Society, which were greatly approv- 
ed by that learned body, and procured fim a letter of 
thanks from Mr. Oldenburg their fecretary, and another 
from Mr. John Collins, with whom, and other learned 
men, Mr. Flamfteed for a long time afterwards kept 
up a correfpondence by letters on literary fubjecte. In 
1670, his father, obferving he held correfpondence with 
thefe ingenious gentlemen, advifed him to take a jour- 
rey to London, to make himfelf perfonally acquainted 
with them; an offer which he gladly embraced, and 
vilited Mr. Oldenburg and Mr. Collins, who introduced 
him to Sir Jonas Moore, which proved the means of 
his greateft honour and preferment. He here yot the 
knowledge and praétice of aitronomical initruments, as 
telefcopes, micrometers, &c. On his return, he called 
at Cambridge, and vilited Dr. Barrow, Mr. Ifaac New- 
ton, and other learned men there, and entered himfelf 
a ttudent of Jefus College. In 1672 he extracted feve- 
ral obfervations from Mr. Gafeoigne’s and Mr. Crab- 
tree’s letters, which improved him greatly in dioptrica, 
In this year he made many celettial ebfervations, which, 
with calculations of appulfes of the moon and planets ta 
fixed ftars for the year following, he fent to Mr. Olden+ 
burg, who publithed them in the Philof. Tranf. 

In 1673, Mr. Flamfteed wrote a {mall tract concerne 
ing the true diameters of all the planets, when at their 
greateft and leaft diftances from the earth ; which he 


‘Tent to Mr. Newton in 1685, who made fome ule of 


it 
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it in the 4th book of his Prineipia——In 1674 he wrote 
an ephemeris, to thew the falfity of Aftrology, and the 
ignorance of thofe who pretended to it: with cal- 
‘culations ef the moon’s rifing and fetting; alfo oc- 
cultations and appulfes of the moon and planets to the 
fixed ars. ‘To which, at Sir Jonas Moere’s réquett, 
he added a table of the moon’s fouthings for that year; 
from which, and from Philips’s theory of the tides, 
the high-waters being computed, he found the times 
come very near. In 1674 too, he drew up an account 
of the tides, for the ufe of the king. Sir Jonas alfo 
Shewed the king, and the duke of York, fome barome- 
ters and thermometers that Mr. Flamfteed had given 
him, with the neceffary rules for judging of the weather ; 
and otherwife took every opportunity of peaking fa. 
vourably of Flamfteed to them, till at length he brought 
him a warrant to be the king’s aftronomer, with a fa- 
Jary of rool. per annum, to be paid out of the office 
of Ordnance, becaufe Sir Jonas was then SurveyorGene- 
ral of the Ordnance. This however did not abate our 
author’s propenfity for holy orders, and he was ac- 
cordingly ordained at Ely by bifhop Gunning. 

On the roth of Auguft, 1675, the foundation of the 
Royal Obfervatory at Greenwich was laid ; and during 
the building of it, Mr. Flamfteed’s temporary obferva- 
tory was in the queen’s houfe, where he made his obfer- 
vations of the appulfes of the moon and planets to the 
fixed (tars, and wrote his Doétrine of the Sphere, which 
was afterward publithed by Sir Jonas, in his Syftem of 
the Mathematics. 

About the year 1684 he was prefented to the livin; 
of Burflow in Surry, which he held as long as he lived. 
Mr. Flamfteed was equally refpe&ted by the great men 
his contemporaries, and by thofe who have fucceeded 
fince his death. Dr. Wotton, in his Refietions upon 
Ancient and Modern Learning, ftyles our author 
one of the moft accurate Obfervers of the Planets and 
Stars, and fays he calculated tables of the eclipfes of 
the feveral {atellites, which proved very ufeful to the 
aftronomers. And Mr. Molyneux, in his Dioptrica 
Nova, gives him a high charaéter ; and, in the admo- 
nition to the reader prefixed to the work, obferves, that 
the geometrical method of Slesatin’. a ray’s progrefs 
is quite new, and never before publifhed ; and for the 
firft hint of it, fays he, T muft acknowledge myfelf 
obliged to my worthy friend Mr, Flamfteed. He wrote 
feveral fmall tra&ts, and had many papers inferted in the 
Philofophical Tranfactions, viz, feveral in almoft every 
volume, from the 4th to the 29th, too numerous to be 
mentioned in this place particularly. 

But his great work, and that which contained the 
main operations of his life, was the Hiforia Caleflis 
Britannica, publithed in 1725, in 3 large folio volumes. 
The firtt of which contains the obfervations of Mr. 
William Gafcoigne, the firft inventor of the method of 
meafuring angles in a telefcope by means of ferews, 
and the firft who applied telefcopical fights to aftrono- 
mical inftruments, taken at Middleton, near Leeds in 
Yorkthire, between the years 1638 and 1643 ; extracted 
from his letters by Mr. Crabtree ; with fome of Mr. 
Crabtree’s obfervations about the fame time ; and alfo 
thofe of Mr. Flamfteed himfelf, made at Derby between 
the years 1670 and 1675 ; befides a multitude of curi- 
ous obfervations, and neceflary tables to be ufed with 
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them, made at the Royal Obfervatory, between the 
years 1675 and 1689.—The 2d volume contains his ob- 
fervations, made with a mural arch of near 7 feet ra- 
dius, and 140 degrees on the limb, of the meridional 
zenith diftances of the fixed ftars, fun, moon, and 
planets, with their tranfits over the meridian ; alfo ob« 
fervations of the diameters of the fun and moon, with 
their eclipfes, and thofe of Jupiter’s fatellites, and 'va- 
riations of the compafs, from 1689 to 17¥9: with: tables 
fhewing how to render the calculation of the places of 
the ftars and:planets eafy and expeditious. ‘To which 
are added, the moon’s place at her oppofitions, quadra~ 
tures, &c; alfo the plancts’ places, derived from the 
obfervations-—The 3d volume contains a eatalogue of 
the right-alcenfions, polar-diftances, longitudes, and 
magnitudes -of near 3000 fixed itars, with the corre- 
{ponding variations of the fame. To this volume is prea 
fixed a large preface, containing an. account of all the 
aftronomical obfervations made before his. time, with a 
defcription of the inftruments employed ; as alfo of hia 
own obfervations and inftruments; with a new Latin 
verfion of Ptolomy’s catalogue of 1026 fixed fars; 
and Ulegh-beig’s places annexed on the Latin page, 
with the corrections : a fmall catalogue of the Arabs : 
Tycho Brahe’s of about 780 fixed ftars: the Land+ 
grave of Heffe’s of 386: Hlevelius’s of 15341 anda 
catalogue of fome of the fouthern fixed itars not vi+ 
fible in our hemifphere, calculated from the obferva. 
tions made by Dr. Halley at St. Helena, adapted to the 
year 1726. 

This work he prepared in a great meafure for the 
prefs, with much care and accuracy: but through a 
natural weaknefs of comtitution, and the declines of 
age, he died of a ftrangury before he had finifhed -it, 
December the 1oth, 1719, at 73 years of age ; leavin, 
the care of finifhing and publithing' his work to his fed 
Mr. Hodgfon.—A lefs perfeCt edition of the Hiforia 
Calefis had before been publithed, without his confent, 
viz, in 1712, in one valume folio, containing his obfer- 
vations to the year 1705. 

Thus then, as Dr. Keil obferved, our author, with 
indefatigable pains, for more than 40 years watched the 
motions of the ftars, and has given us innumerable ob- 
fervations of the fun, moon, and planets, which he made 
with very large inftru.sients, accurately divided, and 
fitted with tclefcopie fights; whence we may rely 
much more on the obfervations he has made, than 
on former aftronomers, who made their obfervations 
with the naked eye, and without the like affiftance of 
telefcopes. 

FLANK, in Fortification, is that part of the baftion 
which reaches from the curtain to the face ; and it dee 
fends the curtain, with the oppofite face and flank. 

Oblique or Second Fuanx, or Fuank of the Curta‘n, 
is that part of the curtain from whence the face of the 
oppofite baftion can be feen, being contained between 
the lines rafant and fichant, or the greater end lefs lines 
of defence ; or the part of the curtain between the 
Flank and the point where the fichant line of defence 
terminates. * 

Covered, Low, or Retired Fuanx, is the platform of 
the cafemate, which lies hid in the baftion ; and is other- 
wife called the Orillon. 

Fichant Fuanx, is that from whence a cannon 


playing, 


FLO 
playing, “fires direétly on the face of the oppofite baf- 


tion. 

Rafant or Razant Fianx, is the point from whence 
the line of defence begins, from the conjuntion of 
which with the curtain, the fhot only rafeth the face 
of the next baftion, which happens when the face can- 
not be difcovered but from the. Flank alone. 

Simple Fuanxs, are lines going from the angle of 
the fhoulder to the curtain ; the chief office of which 
is for the defence of the moat and place. 

Frank, is alfo a term of war, ufed by way of ana- 
logy for the fide of a battalion, army, &c, in contra- 
diftin@ion to the front and rear. So, to attack the 
enemy in Flank, is to difcover and fire upon them on 
one fide. 

FLANKED, is ufed of fomething that has Flanks, 
or may be approached on the Flank, As. 

Franxep Angle, which is that formed by the two 
faces of the baftion, and forming its point or angle. 
Alfo, 

Franken Line of Defence, Fuanxen Tenaille, &c. 

FLANKING, in general, is the difcovering aud 
firing upon the fide of a place, body, battalion, &c. 
To Flank a place, or other work, is to difpofe it in 
fuch a manner as that every part of it may be played 
upon both in front and rear. 

Fianxine means alfo defending. Any fortification 
that has no defence, but juft right forwards, is faulty; and 
to render it complete, one part ought to be made to Fiank 
the other. Hence the curtain is always the ftrongeft 
part of any place, becaufe it is anked at each end, 

Battalions alfo are faid to be Flanked by the wings 
of the cavalry. Anda houfe is fometimes faid to be 
Flanked with two pavilions, or two galleries ; meaning 
it has a gallery, &c, on each fide. ——There are alfo 
Flanking Angle, Flanking Line of Defence, Ke. 

FLAT Bajlion, is that which is built on a right 
line, as on the middle of the curtain, &c. 

FLEXIBLE, is the property or quality of a body 
that may be bent. 

FLEXION, the fame as Flexure. 

FLEXURE, or Frexiox, is the bending or curv- 
ing of a lite or figure. 

When a line firft bends one way, aad then gradually 
changes to a bend the contrary way, the point where 
the two parts join, or where the bending changes to 
the other fide, is called the point of inflexion, or of con- 
trary Flexure. 

FLIE, or Fry, that part of the mariner’s compafs, 
on which the 32 points of the wind are drawn, and over 
which the needle is placed, and faftened underneath. 

FLOAT: Boards, the boards fixed to the outer rim 
of underfhot water wheels, ferving to receive the im- 
pulfe of the ftream, by which the wheel is carried 
round.There may be too many of thefe boards on a 
wheel. It is thought to be the beft rule, to have their 
diftance afunder fuch, that each of them may come out 
of the water as foon as poflible, after it has received and 
aéted with its full impulfe ; or, which comes to the 
fame thing, when the fucceeding one is in a dire€tion 
perpendicular to the furface of the water, 

Fioatixe Bridge, is a bridge of boats, calks, &c, 
covered with planks, firmly bound together for the 
paflage of men, horfes, or carriages, &c. 





{ 478 J 


FLU 


FLOOD, a Deluge or inundation ef water.- ~*~: 

Froon, is alfo ufed in {peaking of the tide, when it 
is rifing or flowing up; ia contradiltinion to the 
Ebb, which is when it is decreafing or running out. 

FLOORING, in Carpentry, 1s commonly under- 
ftood*of the boarding of the Floors. The meafure- 
ment of Flooring is citimated in fquares, of 100 fquare 
feet cach, or of .10 feet on cach fide cvery way; for 
10 times 10 are 100, Hence the lengta of the floor 
being multiplied by its breath, in feet, aud two figures 
cut off on the right-hand, gives the fquares, and feet, 
or decimals cut off. Thus, a Floor being 22 feet long, 
antl 16 wide ; 
then 22 length 

16 breadth 


132 

22 

3,52 the content is therefore 3 fquares, and ¢2 
feet, or decimals. 

FLUENT, or Flowing Quantity, in the Dottrine of 
Fluxions, is the variable quantity which is confidered 
as increaling or decreafing ; or the Fluent of a given 
fluxion, is that quantity whofe fluxion being taken, ac- 
cordin;: to the rules of that do@tring, fhall be the fume 
with the given fluxion, See Fruxzons. 

Contemporary Fruents, are fuch as flow together or 
for the fame time. And the fame is to be underitood- 
of Contemporary Fluxions——When Contemporary 
Fluents are always equal, or in any conflant ratio; 
then alfo are their fuxions refpettively either equal, or 
in that fame conftant ratio. That is, if x = y, then is 
gay; orifxiyiin: 3, thenisa syria dy 
or if x = ay, then is * = ny. 

It is eafy to find the fluxions to all the given forms 
of Fluents; but, on the contrary, it is difficult to find 
the Fluents of many given fluxions; and indeed there 
are numberlefs cafes in which this cannot at all be 
done, excepting i the quadrature and reétification of 
curve lines, or by logarithms, or infinite feries, 

This doétrine, as it was firlt invented by Sir Ifaac 
Newton, fo it was carried by him to a confiderable de- 
gree of perfedtion, at lealt as to the moft frequent, and 
mot ufeful forms of fluents; as may be feen in his 
¥Fluxions, and in his Quadrature of Curves. Maclaurin, 
in his Treatife of Flaxions, has made feveral inquiries 
jnto Fluents, reducible to the rectification of the ellipfe 
and hyperbola: and D’Alembeit has purfued the fame 
fubject, and carried it farther, in the Memoires de 
VAcad. de Berlin, tom, 2, p. 200. ‘To the celebrated 
Mr. Euler this do¢trine is greatly indebted, in many 
parts of his yarious ls i as well as in the Inftitutio 
Calculi Integralis, in 3 vols gto, Petr. 176%. The in- 
genious Mr. Cotes contributed very much to this dee- 
trine, in his Harmonia Menfurarum, concerning the 
meafures of ratios and angles, in a large colleétion of 
different forms of fluxions, with their correfponding 
Fluents. And this fubjeét was farther profecuted in 
the fame way by Walmefley, in his Analyfe des Me. 
fures des Rapportes et des Angles, a large vol. in gto, 
1749. Befides many other Authors who, by their in- 
genious labours, have greatly contributed to facilitate 
and extend the do@rine of Fluents; as Emerion, Simp- 
fon, Landen, Waring, &c, in this country ; with PHO. 

pital, 
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pital, and many other learned foreigners. Laftly, in 
1785 was publithed at Vienna, by M. Paccafi, a Ger- 
man nobleman, Udhandlung uber eine neue Methode 
zu Integrirer, being a method of integrating, or find- 
ing the Fluents of given fluxions, by the rules of the 
dire& method, or by taking again the fluxion of the 
given fluxion, or the 2d fluxion of the fluent fought ; 
and then making every flowing quantity its fluxion, and 
2d fluxion, in geometrical progreffion ; a method how- 
ever, which, it fcems, only holds true in the eafieft 
cafes or forms, whofe fluents are eafily had by the moft 
common methods. See this method farther explained 
in the rules following. 

As it is only in certain particular forms and cafes 
that the Fluents of given fluxions can he found; there 
being no method of performing this univerfally a priori, 
by a dire&t inveftigation ; like finding the fluxion of a 
given fluent quantity ; we can do little more than lay 
down a few rules for fech forms of fluxions as are 
known, from the direét method, to belong to fuch and 
fuch kinds of Fluents or flowing quantities: and thefe 
roles, it is evident, muft chiefly confit in performing 
Such operations as are the reverfe of thofe by which the 
fluxions are found to given flowing quantities. The 
principal cafes of which are as follow : 


I. To find the Fluent of a fimple fluxion’; or that in 
which there is no variable quantity, and only one fluxi- 
onal quantity. This is done by barely fubftituting the 
variable or flowing quantity inftead of its fluxion, and‘is 
the refult or reverfe of the notation only. Thus, 


The Fluent of ax is ax. 
"Fhe Fluent of} ai + 2y is ay + 2ye 


The Fluent of Wa? 4 is Wa? + x? 


HH. When any power of a flowing quantity is multipied 
by. te fusion of the rout. Then, having fubltituted, as 
before, the flowing quantity for its fluxion, divide the 
refult by the new index of the power. Or, which is 
the fae thing, take out, or divide by, the fluxiom of 
the root ; add 1 to the index of the power; and divide 
by the index fo increafed. 


So if the Anxion propofed be + 3x33 
Strike out ¥, then it is - = 3x83 

add 1 to the index, andit is - - 3x%5 

divide by the index 6, and itis - 42° or 3x®; 


which is the Fluent of the propofed fluxion 3x53. 
In like manner, the Fluent 
of gave fs 2037; 


I 2 
of 347% is 2x7; 


2s @ nyt 
of axe is —O- 4? t 3 
n+y 
a boon aed = —t 
of org Zig —2  or-—. 


z 
of (a3 + 23)4222 is ge {a3 + 23)5, 


TIL. When the root under a vinculum is a compound 
quantity ; and the index of the part or fa&tor without the 
vwinculum increifed by 1, is fome multiple a that under 
the vinculum: Put a fingle variable letter for the com- 
pound root ; and fubRitute its powers and fluxion in- 
ftead of thofe, of the fame value, in the given quantity ; 
fo'will it be reduced to a fimpler form, to which the 
preceding rule can then be applied, 


3 
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So, if the ‘given fuxion be F = (a? 4 ays, 
where 3, the index of the quantity without the vincu. 
lum, iucreafed by 1, makes 4, which is double of 2, 
the exponent of x? within the fame; therefore putting 
z= da + x*, thence x? = x —4?, and its fluxion is 


2xx == 3 hence thea «3% = ats = 42 (2 —a*), and 











the given quantity ¥F or (a? 4 a) Fx3s is = 
2 


2 S 2, 
4z°% (% —a*) or = $23 — Ja%%Iz5 and the Fluent 
of each term gives 


& s s 
— toate? 323 (gam —y'52) 3 oF, by fub- 
ftituting the value of z inftead of it, the fame Fluent is 
s —— 
3(a*- x7)? x (3px? — ha?) or 3s Par ‘yx? — 3a2, 

IV. When there are feveral terms involving two or 
more variable guantiti:s, having the fluxion of each multi- 
plied by the other quantity or quantities: Take the Fluent of 
cach term, as if there was only one variable quantity in 
it, namely that whofe fluxion is contained in it, fuppof- 
ing all the others to be conflant in that term; then if the 
¥luents of all the terms fo found, be the very fame 
quantity, that quantity will be the Fluent of the 
whole. : 

Thus, if the given fluxion be xy + ay. Then, the | 
Fluent of iy is xy, fappoting y conflant ; and the 
Fluent of xy is alfo ay, when + is conftant ; therefore 
the common refulting quantity xy is the required Fluent 
of the given fluxion xy + xy 

And, in like manner, the Fluent of 
aye + ayz + ays is xyz. 

V. When the given flixisnal exprefion is in this form 








» viz, a fraction including two quantities, being the 


fuxion of tie ferme dracwun into the latter, minus the fluxion 

of the latter drawn into the former, and divided by the /quare 

of the latter : then the Fluent is the fraétion =, or of 
EA 

the former quantity divided by the latter; That is, 


The Fluent of 2 ad is = 


2 





a Says ; ‘2 
and the Fluent of 22%) = 2" is 
Je x 


Though the examples of this cafe may be performed. 
by the foregoing one. Thus the given dluxion 

ay— xy ety 2, 

~~ reduces to mi - 3 or i — xy “3 


of which the Fluent of ~ is~ when y is conftant 3 
J x 
and the Fluent of wjy 7 is + sy or — when xis cons 
J 
ftant ; and therefore, by that cafe, - is the Fluent os 


the whole =2 =", 
ay 
‘VI. When the fluxion of a quantity is divided by the 
quantity itfeif : Then the Fluent is equal to the hyper- 
bolic logarjthm of that quantity ; or, which is the fame 
thing, the Fluent is equal to 2°30258509 &c, multi- 
plied by the common log. of the fame quantity. ; 
Oy 


FUG 
So, thé Fluent ° 


of = or 2 ‘sig the hyp. low. of «5 








af = is 2 x hyp. log. of a, or == h. L. of 35 
of os isa X h. 1. of x, or hid. of x43 

cof is the bs. Lofates 

of Aree is the h. L. of a $ a3 


WIL. Many Fluents may be found by the dire& 


method of fluxions, thus: Take the fluxion again of - 


the given fluxional expreffion, or the 2d fluxion of the 

rf ye 

Fluent fought ; into which fubftitute = for Ky and2. 
’ x 


for 3, &c, that is, make x, x, ¥, as alfo y, y, j, &c, in 
‘continual proportion, or xt 15.02 3, and yt ytt yt Hy 
&c ; then divide the {quare of the given fluxional ex- 
preffion by the 2d fluxion, juft found, and the quotient 
avill be the Fluent fought in many cafes. 

Or the fame rule may be otherwife delivered thus: Yn 
the given fluxion fF, write x for %, y for y, &c, and 
call the refult G, taking alfo the fluxion of this quan- 
tity, G5 then make G: F:: G:F, fo thal the qth 
proportional F be the Flueat as before. And this is 
the rule of M. Paccaffi. 

It may be proved if this be the true Fluent, by tak- 
ing the xion. of it again, which, if it agree with the 
propofed fluxion, will thew that the Fluent is right 5 
otherwife, it is wrong. 
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Thus, ifit be propofed to find the Fluent of nT 
Here F = ax" 'z3 write firft x for «, and it is 





ax’ ~ "x or nx =: G3 the fluxion of this is G = 
wx"—"s 5 therefore GG: F:: G: F becomes 
nts — Te sag’ 'e ps ma™ 5 ot = F, the Fluent 


fought. 


For a 2d ex. fuppofe it be propofed to find the 
Fluent of sy + x7. Frere F = iy + <j; then, writ. 
ing x for x, and y for j, it is xy + xy or axy = G; 
the fuxion of which is 2 y 4 2x7 = G; then 
G:F:: G: F becomes 

2iy boxy i ty fay rs ary i xy = F, the Fluent 
fought. 


VILL. To find Fluents by means of a table of forms 
of Fluxions and Fluents. of 


In the following table are contained the mofl ufual 
forms of fluxions that occur in the practical folution of 
problems, with their correfponding Fluents fet oppofite 
to them ; by means of which, viz, comparing any pro~ 
ok fluxion with the correfponding form here, the 

uent of it will be found. 

Where it is to be noted, that the logarithms in the 
faid forms, are the hyperbolic ones, which are found 
by multiplying the common logs. by 2°3025850929940, 
&c, Alfo the arcs whofe fine, or tangent, &c, are 
mentioned, have the radius 1, and are thofe-in the 
common tables of fines, tangents, &c.—And the num- 
bers m, n, &c. are to be fome quantities, as the forms 
fail when » = 0, or m= 0, & 












































Forms Flauxions. Fluents. 
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Forms. Fluents. 
: I a 
VI < & = log. of a +» 
1x es log. of at 
na atx" 
x I Vat fa" 
Wa log. of Vane 
a Rife X arc to tang. v= or 
X arc to cofine pe 
nifa ate" 
XI = log.of va" + Vita + 
= Xx arc to fin. V2, or 
XIIL 7 2x" 
— x arc to verf, — 
n a 
v * Z 
XIV ts is. ok 
nva Vato a 
2 “ge 
ee ae X arc to fecant J =, or 
I 2a—x* 
n/a X are to cofin, 
1 . 
XVI 7 sire. feg. to diam. d and verf. x 
on 
XVIT alog.c 
XVIII a 
(a bat JP Ne (atari C r—-la 9 retr~2.a* ron 2r a 3.08 9 
xIx " ns TI g—iea") g—ia—2.at Srl 2.5 — 3x8 ) 
Putting s =m +r fa pay thee 6 ( ae a Rk le 
rna I r+ia r+itor+2.a* rtrd ict 3.23 ) 








The Ufe of the foregoing Table of Forms of Fluxions 
and Fiat Ie te ‘te of this ae ft Be be ob- 
ferved, that the firft column ferves only to fhew the 
number of the form, as a mark of reference ; in the 2d 
-column are the feveral forms of fuxions, which are of 
edifferent kinds or.claffes ; and in the 3d or Jaft column 
are the correfponding Fluents. 

The method of ufing the table is this. Having any 
fluxion given, whofe Fluent it is propofed to find: 
Fi - eae the given fluxion with the feveral forms 

Vou. I. 


of fluxions in the 2d column of the table, till one of 
the forms be found that agrees with it ; which is done 
by comparing the terms of the given fluxion with the 
like parts of the tabularfluxion, viz, the radical quan 

tity of the one, with that of the other; and the ex- 
ponents of the variable quantities of each, both within 
and without the vinculum; all which, being found to 
agree or correfpond, will give the particular values of 
the general quantities in the tabular form. Then fub- 
ftitute thefe particular values, for the fame quantities 
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in the general or tabular form of the Fluent, and the 
refult will be the particular Fluent fought ; after it is 
multiplied by any coefficient the propofed fluxion may 


have. 
For Ex. To find the Fluent of the given fluxional 


3 . 5 
expreffion 3x1%. This agrees with the firft form ; and 
by comparing the fluxions, it appears that x = x, and 
a—1 = §, or n= $3 which being fubflituted in the 


tabular Fluent, or a #", gives, after multiplying by 3 
a 


s 

the coefficient, 3 x pe or 3x? for the Fluent fought. 
Again, To find the Fluent of gatevV/o> — 33, or 

gxte 3 <A This belongs to the 2d form; for 


a= ea = — 43, n= 3 under the vinculum, 
m— 1 = 4, or m = 3, and the exponent” * of x"—' 
without the vinculum, by ufing 3 for n, isn —1 = 2, 
which avreeg with x? in the fluxion given ; and there- 
fore all ie parts of the form are found to anfwer. 
Then, fubftituting thefe values into the general Fluent, 


ae (e=#*) 








2 (a =o it becomes = 
—P (c3 x9)”, 
5 i ) ae 
Thirdly, To find the Fluent o Tee 


with the 8th form; where + x® = ++ +3 in the deno- 


minator, or n = 3; and the numerator x" — ' then be- 
comes x*, which agrees with the numerator in the 
given fluxion ; alfo a= 1, Hence then, by fub/titut- 


This agrees 





ing in the general form of the Fluent + fogarithm of 


a + x°, it becomes § logarithm of 1 4 x3, 

IX. To find Fluents by means of Infinite Series.— 
‘When a finite form cannot be found to agree with a 
propofed fluxion, it 1s then ufual to throw it into an 
infinite feries, either by divifion, or extraction of roots, 
or by the binomial theorem, &c; after which, the 
Fluents of all the terms are taken feparately. 

a 


For Ex. To find the Fluent of —*7*_ «. Here, 
t+ = 


f «x 
by dividing the numerator by the denominator, this be- 
comes % — 2x% + 3x74 — 6x3% 4+ 8xtx Kes and, the 
Fluents of all the terms being taken, give 
x xt f x3 — 5x4 + f45 &c, for the Fluent fought. 
To Corre a ¥Fiutnt.—The Fluent of a given flux- 
ion, found as above, fometimes wants a correétion, to 
make it contemporary with that required by the pro- 
blem under confideration, &c: for the Fluent of any 
given fluxion, as x, may be either 2 (which is found by 
the rule) or it may be «2&c, that is x plus or minus 
fome conftant quantity ¢; becaufe both x and «ce 
have the fame fluxion #: and the finding of this con- 
ftant quantity, is called corre@ting the Fluent. Now 
this correétion is to be determined from the nature of 
the problem in hand, by which we come to know the re- 
lation which the Fluent quantities have to’ each other 
at fome certain point or time. Reduce therefore the 
general Fluential equation, found by the rules above, 
to that point or time; then if the equation be true at 
that point, it is corre€t; but if not, it wants a correc. 
tion, and the quantity of that corre€tion is the dif- 
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ference between the two general fides of the equation 
when reduced to that particular ftate. Hence the ge- 
neral rule for the correction is this : 

ConneG& the conftant, but indeterminate, quantity ¢ 
with one fide of the Fluential equation, as datermined 
by the foregoing rules; then, in this equation, fubfti- . 
tute for the variable quantities fuch values as they are 
known to have at any particular ftate, place, or time ; 
and then from that particular ftate of the equation find 
the value of ¢, the conftant quantity of the correétion, 

£x. To find the Corre& Fluent of z = ax3i. Firft 
the general Fluent of this is z = ax‘, or % = aat +c, 
taxing in the correétion c. 

Now if it be kpown that and x begin together, or 
that ==: 0, when x=: 03 then writing o both for x 
and s, the general equation becomes 0 = 0 - ¢, or 
c= 0; fo that, the value of ¢ being 0, the Corre 
Fluents are z = ax*. 

But if be = 0, when # is = 4, any known quan- 
tity ; then {ubftituting o for x, and-é for x, in the ge- 
neral equation, it becomes 0 = ab4 + ¢, from which is 
found ¢ = —al+; and this being written for it in the 


* general equation, this becomes z == ax* ~ al‘, for the 


corre&t, or contemporary Fluents. 

Or laitly, if it be known that z is = fome quantity 
d, when x is equal fome other quantity, as 4; then fub- 
flituting d for x, and J for x, in the general Fluential 
equation z = ax* +c, it becomes d= ab4 + ¢ 3 and 
hence is deduced the value of the correétion, viz, 
c= d—ab*; confequently, writing this value for ¢ in 
the general equation, it becomes z = ax+ —ab+ + d, 
for the Correét equation of the Fluents in this cafe. 

And hence arifes another eafy and general way of 
correCting the Fluents, which is this: In the general 
equation of the Fluents, write the particular values of 
the quantities which they are known to have at any 
certain time ; then fubtract the fides of the refulting 
particular equation, from the correfponding fides of the 
general one, and the remainders will give the Correé 
equation of the Fluents fought. So, as above, 


the general equation being - m= axt; 
write d for x, and 6 for x, then - d=aab+; 
hence by fubtraction - z—d = ax* — abt, 


or 2 = axt*—alt +d, 
the Corre& Fluents as before. 

FLUID, or Fiurp Body, according to Newton, is 
that whofe parts yield to the fmalleft force imprefled, 
and by yielding are eafily moved among each other; 
in which fenfe it ftands oppofed to a folid, This is 
the definition of a perfect fluid : if the Fluid require 
fome fenfible force to move its parts, it is imperfect in 
proportion to that force ; fuch as perhaps all the fluids 
we know of in nature, 

That Fluids have vacuities in their fubftance is evi- 
dent, becaufe certain bodies may be diffolved in them 
without increafing their bulk. Thus, water will dif- 
folve a certain quantity of falt; after which it will re- 
ceive a little fugar, and after that a little alum; and 
all this without increafing its firft dimenfions. Which 
fhews that the particles of thefe folids are fo far fepa- 
rated as to become {maller than thofe of the Fluid, and 
to be received and contained in the interftices between 
them. 

Fluids are either elaftic, fuch as air; or non-claftic, 
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as water, mercury, &c. Thefe latter occupy the fame 
fpace, or are of the fame bulk, ander all preffures or 
forces; but the former dilate and expand themfelves 
continually by taking off the external preflure from 
them ; for which reafon it is that the denfity and elaf- 
ticity of fuch fluids, are proportional to the force or 
weight that comprefles them. The doétrine and laws of 
Fluids are of the greateft extent in philofophy : the 
properties of elaftic Fluids conftituting the dottrine of 
Pneumatics ; thofe of the non-elaftic ones, that of Hy- 
droftatics ; and their motions, Hydraulics. For which 
{ee thefe refpeétive articles. Alfo, 

For the laws of the preffure and gravitation in Fluids 
{pecifically. heavier or lighter than the bodies immerged, 
fee Speciric Gravity. 

For the laws of the refiftance of Fluids, or the retar- 
dation of folid bodies moving in Fluids, fee, Resist- 
ance. And 

For the afcent of Fluids in capillary tubes, or be- 
tween glafs planes, &c, fee Ascent, and Capiutary 
Tubes. 

FLUTES, or Frurines, are certain channels or 
Cayities cut along the fhaft of a column, or pilafter. 

FLUIDITY, that ftate or affeGtion of bodies, which 
denominates or renders them Fluid; or that property 
by which they yield tothe fmalleft force impreffed: in 
contradiftinétion to Solidity or Firmnefs. 

Fluidity is to be carefully diftinguifhed from Liqui- 
dity or Humidity, which latter implies wetting or ad- 
hering. Thus, air, ether, mercury, and other melted 
metals, and even fmoke and flame itfelf, are Fluid bo- 
dies, but not Liquid ones; whilft water, beer, milk, 
urine, &c, are both Fluids and Liquids at the fame 
time. 

The nature and caufes of Fluidity have been va- 
rioufly affigned. The Gaffendjits, and ancient cor- 
pufcularians, require only three conditions as neceffary 
to it; viz, a fmallnefs and fmoothnefs of the particles 
of the body, vacuities interfperfed between them, anda 
fpherical figure. The Cartefians, and after them Dr. 
Hook, Mr. Boyle, &c, befide thefe circumftances, 
require alfo a cértain internal or inteftine motion 
of the particles as chiefly contributing to Fluidity. 
Thus, Mr. Boyle, in his Hiftory of Fluidity, argues 
from various experiments: for example, a little dry 
powder of alabafter, or plaifter of Paris, finely fifted, 
being put into a veflel over the fire, foon begins to boil 
like water ; exhibiting all the motions and phenomena 
of a boiling liquor: it will tumble varioufly in great 
waves like that,; will bear ftirring with a flick or ladle 

like that, without refifting ; and if ftrongly ftirred near 
» the fide of the veffel, its waves will apparently dah 
againft it: yet it is all the while a dry parched pow- 
der. 

The like is obferved in fand ; a difh of which being 
fet on a drum-head, brifkly beaten by the flicks, or on 
the upper ftone of'a mill, it in all refpeéts emulates the 
properties ofa Fluid body. A heavy body, ex. gr. will 
immediately fink in it to the bottom, and a light one 
emerge to the top: each grain of fand has a conftant 
vibratory and dancing mation; and if a hole be made in 
the fide of the dith, the fand will {pin out like water. 

The Cartefians bring divers confiderations to prove 
that the parts of Fluids are in continual motion : as 1ft, 


301 FLU 
The change of folids into Flui 
ter, and vice verfa; the chi rence between the 
body in thofe two fates coniifting in this, that the parts, 
being fixed and at reft in the one, refit the touch ; 
whereas in the other, being already in motion, they 

ive way to the flighteft impulfe. 2dly, Lhe effects ef 

luids, which commonly proceed from motion: fuch 
are the infinuation of Fluids among the pores of bo- 
dies; the foftening and diffolving hard bodies ; the ac- 
tions of corrofive menftruums; &c: Add, that no fo- 
lid can be brought to a ftate of Mluidity, without the 
intervention of fome moving or moveable body, as fire, 
air, or water, Air, the fame gentlemen hold to be 
the firft {pring of thefe caufes of Fluidity, it being this 
that gives mation to fire and water, though itielf re- 
ceives its motion and ation from the ether, or fubtle 
medium. 

But Boerhaave pleads ftrenuoufly that fire is the firft 
mover, and the caufe of all Fluidity in other bodies, as 
air, water, &c: without this, he fhews that the at- 
mofphere itfelf would fix into one folid mats. And in 
like manner, Dr. Black, of Edinburgh, mentions Flui- 
dity as an effeét of heat. The different degrees of 
heat which are required to bring different bodies into a 
ftate of Fluidity, he fuppofes may depend on fome par- 
ticulars in the mixture and compofition of the bodies 
themfelves: which is rendered farther prebable from 
confidering that the natural ftate of bodies in this re- 
fpect is changed by certain mixtures; thus, when twu 
metals are compounded, the mixture is commonly more 
fufible than alee of them feparately. 

Newton’s idea of the conte of Fluidity is different : 
he makes it to be the great principle of attraétion. The 
various inteftine motion and agitation among the parti- 
cles of Fluid bodies, he thinks is naturally accounted 
for, by fuppofing it a primary law of nature, that as all 
the particles of matter attract each other when within 
a certain diftance ; fo at all greater diftances, they avoid 
and fly from one another. For ther, though their 
common gravity, together with the preflure of other 
bodies upon them, may keep them together in a inafs, 
yet their continual endeavour to avoid one another 
fingly, and the adventitious impulfes of heat and light, 
or other external caufes, may make the particles of 
Fluids continually move round about one another, and 
fo produce this quality. 

As therefore the caufe of cohefion of the parts of fo- 
lid bodies appears to be their mutual attraction ; fo, on 
this principle, the chief caufe of Fluidity feems to be a 
contrary motion, imprefled on the particles of Fluids ; 
by which they avoid and fly from.one another, as foon 
as they come at, and as long as they keep at, fuch a 
diftance from each other. 

Tt is obferved alfo in ail Fluids, that the dire€tion of 
their preflure againft the veffels which contain them, is 
in lines perpendicular to the fides of {uch veffels ; which 
property, being the neceffary refult of the {pherical ti- 
gure of the particles of any Fluid, fhews that the parts 
ofall Fluids are fo, or of a figure very nearly approach- 
ing to it. 3 hs 

FLUX, in Hydrography, a regular and periodical] 
motion of the fea, happening twice in 24 hours and 48 
minutes, nearly ; in which time the water is raifed, and 
driven violently again the fhores. The Flux, or Flow, 
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3@ one of the motions of the tide: the other, by which 
the water finks and retires, being called the Reflux, or 
Ebb. See Tipe. 

Between the’ Flux and Refiux there is a kind of reft 
or ceflation, of about half an hour; during which time 
the water is at its greateit height, called High-water. 

Lhe Flus of the fea follows chiefly the courfe of the 
moon ; and is always higheft and greateft at new and 
full moons, particularly near the time of the equinoxes. 
In fome parts, as at Mount St. Michael, it rifes 80 or 
no feet, though in the open fea it never rifes above a 
foot or two; and in fome places, as about the Morea, 
there isno Mux at al. It runs up fome rivers above 
120 miles: though up the river ‘Thames it goes only 
about 80, viz, near to Kingfton in Surry. Above 
London-bridge, the water flows 4 hours, and ebbs 8 ; 
and below the bridge, it flows 5 hours, andebbs 7. 

FLUXION, in the Newtonian analyfis, denotes the 
rate or Proporien at which a flowing or varying quan- 
tity increafes its magnitude or quantity ; and it is pro- 
portional to the magnitude by which the flowing quan- 
tity would be uniformly increafed, in a given time, by 
the generating quantity coxtinuing of the invariable 
magnitude it has at the moment of time for which the 
Fluxion is taken: by which it ftands contradiftinguifhed 
from fluent, or the flowing quantity, which is gradually, 
andindefinitcly increafing, after the manner of a fpace 
which a body in motion defcribes. 

Mr, Simpfon obferves, that there is an advantage im 
thus confidering Fluxions, not as mere velocities of in- 
creafe at a certain point, but as the magnitudes which 
would be. uniformly generated in a given finite time : 
the imagination is not here confined to a Gngle point, 
and the higher orders of Fluxions are rendered much 
more eafy and intelligible. And though Sir Ifaac 
Newton defines Fluxions to be the velocities of motions, 
yet he has recourfe to the moments or increments, ge- 
nerated in equal particles of time, to determine thofe 
velocities, which he afterwards direéts to expound by 
finite magnitudes of ether kinds. 

Asto the illuftration of thig definition, and the rules 
for finding the Fluxions of all forts of fluent quan- 
tities, fee the folowing article, or the Method of 
Fluxions. 

Method of Fuoxrons, is the algorithm and analyfis 
of Fluxions, and fluents or flowing quantities. 

Mott forcigners define this as the method of dif- 
ferences or differentials, being the analyfis of indefinitely 
{mall quantities. But Newton, and other Englifh au- 
thors, call thefe infinitely fimall quantities, moments ; 
confidering them as the momentary increments of va- 
siable quantities ; as of a line confidered as generated 
by the flux or motion of a point, or of afurface gene- 
rated by the flux of aline, Accordingly, the vartable 
quantities are called Fluents, or flowing quantities ; 
aid the method of finding either the Fluxion, or the 
fluent, the method of Fluxions. 

M. Leibnitz confiders the dame isfinitely {mall quan- 
bties as the differences, or differ icials, of quantities 5 
and the method of finding thofe differe.ces, he calls the 
pifferentiaf Calculus. 

Befides this difference in the name, there is another 
in the notation. Newton exprelies the Fluxion of 
a quantity, as of x, by a dot placed over it, thus + 5 
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while Leibnitz expreffes his differential of the fame sy 
by prefixing the initial letter d, asdx. But, fetting 
afide thefe circumftances, the two methods are jut 
alike. 

The Method of Fluxions is one of the greateft, moft 
fubtle, and fublime difcoveries of perhaps any age: it 
opens a new world to our view, and extends our know- 
ledge, as it were, to infinity ; carrying us beyond the 
bounds that feemed to have been preferibed to the hu- 
man mind, at leaft infinitely beyond thofe to which the 
ancient geometry was confined. 

The hiftory of this important difcovery, recent as it is, 
is a little dark, and embroiled. ‘I'wo of the greatett 
men of the lait age have both of them claimed the in- 
vention, Sir I. Newton, and M. Leibnitz ; and nothing 
can be more glorious. for the method itfelf, than the 
zeal with which the partifans of either fide have afferted 
their title. 

To exhibit a juft view of this difpute; and of the 
pretenfions of each party, we may here advert to the 
origin of the difcovery, and mark where each claim 
commenced, and how it was fupported, 

The principles upon which the Method of Fluxions 
is founded, or whicl: conducted to it, hed been laying, 
and gradually developing, from the beginning of the 
laft century, by Fermat, Napier, Barrow, Wallis, Slu: 
fius, &c, who had methods of drawing tangents, of 
maxima and minima, of quadratures, &c, in certain 
particular cafes, as of rational quantities, upon nearl: 
the fame principles. And it was not andar 
that fuch a genius as Newton thould foon after raife 
thofe faint beginnings into a regular and general fyftera 
of fciencey which ae did about the year 1665, or 
fooner. “ 

The firft time however that the method appeared in 
print, was in 1684, when M. Leibnitz gave the rules 
of it in the Leipfic Aéts of that year ; but without the 
demonitrations. The two brothers however, John and 
James Bernoulli, being greatly ftruck with this new me- 
thod, applied themfelves diligently to it, found out the 
demonitrations, and applied the calculus with great 
fuccefs. 

But before this, M. Leibnitz had propofed his Dif- 
ferential Method, viz, in a letter, dated Jan. 21, 1677, 
in which he exa¢tly purfues Dr. Barrow’s method of 
tangents, which had been publifhed in 1670: and 
Newton communicated his method of drawing tangents 
to Mr. Collins, in a letter dated Dec. 10, 1672 5 which 
letter, together with another dated June 13, 1676, were 
feat to Mr. Leibnitz by Mr. Oldenburgh, in 1676. So 
that there is'a ftrong prefumption that he might avail 
himfelf of the information contained in thefe letters, and 
other papers tranfmitted with them, and alfo in 1675, 
before the publication of his own letter, containing the 
firft hint of his differential method. Indeed it fufli- 
cicntly appears that Newton had invented his method 
before the year 1669, and that he atually made ufe of 
it in his Compendium of Analyfis and Quadrature of 
Curves before that time. His attention feems to have 
been direéted this way, even before the time of the 
plague which happened in London in 1665 and 1666, 
when he was about 28 years of age. 

This is all that is heard of the method, till the year 
1687, when Newton’s admirable Principia came out, 

. : which 
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whichis. aloft wholly built on the fame calculus. The 
sommon opiniog then was, that Newton and Leibnitz 
had éach invented it about the fametime; and what 
feemed to confirm it was, that neither of them made 
any mention of the other; and that, thaugh they 
agreed in the fubftance of the thing, yet they differed 
in their ways of conceiving it, calling it by different 
names, and ufing different charaéters. However, fo- 
reigners having firft learned the method through the 
medium of Leibnitz’s publication, which fpread the 
method through Europe, thofe geometricians were in- 
fenfibly accuitomed to look upon him as the fole, or 
principal inventor, and became cver after ftrongly 
prejudiced in favour of his notation and mode of con- 
ceiving it. 

The two great anthors themfelves, without any {eem- 
ing concern, or difpute, as to the property of the in- 
vention, enjoyed the glorious profpeét of the progreffes 
continually making under their anfpices, til) the year 
#699, when the peace began to be difturbed. 

M. Facio, in a treatife on the Line of S-niftett 
Defcent, declared, that he was obliged to own Newton 
as the firft inventor of the differential calculus, aud the 
firft by many years ; and that he left the world to judge, 
whether Leibnitz, the fecond inventor, had taken any 
thing fromhim. This precife diftinction between frit 
and 2d.inventor, with.the fufpicion it infinuated, raifed 
acontroverfy between M. Leibnitz, fupported by the 
editors of the Leipfic Ats, and the Englith mathema- 
ticians, who declared for Newton. Sir Haac himfelf 
never appeared on the fcene; his glory was become 
that of the nation; and his adherents, warm in the 
caufe of their country, needed not his affiftance to ani- 
mate them. 

Writings fucceeded each other but flowly, on either 
fide ; probably on account of the diftance of places ; 
but the controverfy grew {till hotter and hotter : till at 
length M. Leibnitz, in the year 1711, complained to 
the Royal Society, that Dr. Keil had accufed him of 
publifhing the Method of Fluxions invented by Sir L. 
Newton, under other names and characters. He infilted 
that nobody knew better than Sir [aac himfelf, that be 
had ftolen nothing from him; and required that Dr. 
Keil fhould difavow the ill conftruétion which might 
be prt upon his words. 

The Society, thus appealed to as a judge, appointed 
acommittee to examine all the old letters, papers, and 
documents, that had paffed among the feveral mathe- 
‘maticians, relating to the point ; who, after a ftri@ ex- 
amination of all the evidence that could be procured, 
gave in their report as follows: “* That Mr. Leibnitz 
* was in London in 1673, and kept a corre{pondence 
with Mr. Collins by means of Mr. Oldenburgh, tiil 
« Sept. 1676, when he returned from Paris to Hano- 
«¢ ver, by way cf London and Amfterdam : that it did 
“ not appear that Mr. Leibnitz knew any thing of the 
« differential calculus before his letter of the 21ft of 
« June, 1.677, which was a year after a copy of a let- 
“ ter, written by Newton in the year 1672, had been 
« fent to Paris to be communicated to him, and above 
“ 4 years after Mr. Collins began to communicate that 
* letter to his correfpondents ; in which the Method of 
« Fluxions was fufficiently explained, to let a man.of his 
“ fagacity into the whole matter ; and that Sir I. New- 
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ton had even invented his method beforé the year 
166g, and confequently 15 years before M. Leibnitz 
“had given any thing on the fubje€t in the Leipfic 
* Ads.” From which they conchided that Dr. 
Keil had not at all injured M. Leibnitz in what he had 
faid. 

The Socicty printed this their determination, toge- 
ther with all the pieces and materials relating to it, under 
the title of Commercium Epiftolicum de Analyfi Pro- 
mota, 8vo, Lond. 1712. Tiais book was carefully 
dillributed through Europe, to vindicate the title of the 
Englith nation to the difcovery ; for Newton himfelf, 
as already hinted, never appearcdin the affair: whether 
it was that he trufted bis honour with his compatriots, 
who were zealous enough in the caufe; or whether he 
felt himfelf even fuperior to the glory of it. 

M. Leibnitz and his friends however could not fhew 
the fame indifference: he was accufed of atheft ; and. 
the whole Commercium Epittolicum either expreffes it 
in t-rms, or infinuates it. Soon after the publication 
therefore, a loofe fhect was printed at Paris, in behalf 
of M. Leibnitz, then at Vienna. It is written with 
great zeal and fpirit ; and it boldly maintains that the 
Method of Fluxions had not preceded the Method of 
Differences ; and even infinuates that it might have ari- 
fen from it. The detail of the proofs however, on 
each fide, would be too long, and could not be under+ 
ftood without a large comment, which mutt enter inte 
the deepeit geometry. 

M. Leibnitz had began to work upon a-Commercium 
Epiitolicum, in oppofiticn to that of the Royal So- 
ciety ; but he died before it was tompleted, 

A fecond edition of the Commercium Epiftolicum 
was printed at London in 1722; when Newton, in the 
preface, account, and annotations, which were added 
to that edition, particularly anfwered all the objections. 
which Leibnitz and Bernoulli were able to make fince 
the Commercium firft appeared in 1712 ; and from the 
laft edition of the Commercium, with the various ori- 
gisal papers contained in it, it evidently appears that 
Newton had difcovered his Method of Fluxtons many 
years before the pretenfions of Leibnitz. Sze alfo 
Raphfon’s Hiftory of Fluxions. 

There are however, according to the opinion of fome, 
ftrong prefumptions in favour of Leibnitz ; i. e. that he 
was no plagiary: for that Newton was at leaft the firlt 
inventor, is pait all difpute; his glory is fecure ; the 
reafonable part, even among the foreigners, allow it : 
and the queftion is only, whether Leibnitz took it from 
him, or fell upon the fam. thing with him ; for, in his 
theory of abftract notions, which he dedicated to, the 
Royal Academy in 1671, before he had feen any thing 
of Newton’s, he aready fuppofed infinitely fall quan- 
tities, fome greate: than cthers; which is one of the 
great pricciples of iis fyfem, 

Before profecufing farther the hiftory and improve- 
ments of this {cie~c~, it will be proper to premife fome- 
what of the principles and practice of it, accordiag to 
the ideas of the iaventur. c 








Principles of the Method of Frvxions. 


1. Inthe dottrine of Fluxions, magnitudes ox quan- 
titics, of all kinds, are confidered, not as made up of a 
purnber 
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number of {mall parts, but as generated by continued 
motion, by means of which they increafe or decreafe : 
as a line by the motion of a point; a furface by the 
motion of aline; and a folid by the motion of a fur- 
face: which is no new principle in geometry; having 
been ufed by Euclid and Archimedes. So likewife, 
time may be confidered as reprefented by a line, increaf- 
ing uniformly by the motion of a point. And quan- 
tities of all kinds whatever, which are capable of in- 
creafe and decreafe, may in like manner be reprefented 
by lines, furfaces, or folids, confidered. as generated 
by motion, 

z. Any quantity, thus generated, and variable, is 
called a Fluent, or a flowing quantity. And the rate 
or proportion according to which any flowing quantity 
incteafes, at any pofition or inftant, is the Fluxion of 
the faid quantity, at that pofition or inftant : and it is 
proportional to the magnitude by which the: flowing 
quantity would be uniformly increafed, in a given time, 
with the generating celerity uniformly continued du- 
ring that time. 

3. The {mall quantities that are aQually generated 
or defcribed, in any {mall given time, and by any con- 
tinued motion, either uniform or variable, arc called In- 
crements. : 

. Hence, if the motion of increafe be uniform, by 
which increments are generated, the increments will in 
that cafe be proportional, or equal, to the meafures of 
the Fluxions: but if the motion of increafe be accele- 
rated, the increments fo generated, in a given finite 
time, will exceed the Fluxion ; and if it be a decreafing 
motion, the increment fo generated, will be lefs than 
the Fluxion, But if the time be indefinitely fmall, fo 
that the motion be confidered as uniform for that in- 
ftant ; then thefe nafcent increments will always be pro- 
portional or equal to the Fluxions, and may be fubfti- 
tuted for them, im any calculation. 

g. To illuftrate thefe definitions: Suppofe a point 
m ke conceived to move from the pofition A, and to 





A 


generate a line AP, with a motion any-how regulated ; 
and {uppofe the celerity of the point m, at any pofition 
P, to be fuch, as would, if from thence it fhould become, 
or continue, uniform, be fufficient to defcribe, or pafs 
uniformly over, the diftance Pp, in the given time allowed 
for the Fluxion; then-will the faid line Pp reprefent 
the Fluxion of the faid fluent or flowing line AP, at 
that pofition, 

6. Again, fuppofe the right line mn to move, from 
the pofition AB, continually parallel to itfelf, 





A PPD 


with any continued motion, fo as to generate the fluent, 

or flowing retangle ABQP, whilft the point m de- 

{cribes the line AP; alfo let the diftance Pp be taken, 
E 
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as above, to exprefs the Fluxion of the line or bafe 
AP; and compiete the rectangle P Then, like 
as Pp isthe Fluxion of the line AP, To is the {mall pa- 
rallelogram Pg the. Fluxion of the flowing parallelo- 
gram, AQ; both thefe Floxions or increments being 
uniformly defcribed in the fame time, 

7. In like manner, if the folid AERP be con- 
ceived as generated by the plane PQR moving, 














from the pofition ABE, always parallel to itfelf, along 
the line AD; and if Pp denote the Fluxion of the 
line AP. Then, like as the parallelogram Pg, or 
Pp x PQ, expréifes the Fluxion of the flowing rec- 
tangle AQ, fo likewife fhall the Fluxion of the varia- 
ble folid or prim AR be expreffed by the prifm Pr, or 
Pp x the plane PR. And in both thefe laft two 
cafes, it appears that the Fluxion of the gencrated rec- 
tangle, or prifm, is equal to the product of the gene- 
rant, whether line or plane, drawn into the Fluxion of 
the line along which it moves. 

8. Hitherto the generant, or «generating line or 
plane, has been confidered as of a conftant or invariae 
ble magnitude ; in which cafe the fluent, or quantity 
pecerated, is a parallelogram, or a prifm, the former 

ing defcribed by the motion of a line, and the latter 
by the motion of a plane. In like manner are other 
figures, whether plane or folid, conceived to be de- 
feribed, by the motion of a variable ‘magnitude, whether 
itbealine ora plane. Thus, let a variable line PQ be 
carried with a paralicl motion along AP, or whilft a 
point P is carried along, and défcribes, the line AP, 








Le 

Yt 

” if 

A PRK PP PP 


fuppofe another point Q to be carried by a motion 
perpendicular to the former, and to deferibe the line 
PQ: let pg be another pofition of PQ, indefinitely 
near to the former; and draw Qr parallel to AP. 
Now in this cafe there are. feveral fuents or flowing 
quantities, with their sefpective Fluxions viz, the line 
or fluent AP, the Fluxion of which is Pp or Qr; the line 
or fluent , the Fluxion of which ts gr; the curve, 
or oblique line AQ, defcribed by the oblique motion of 
the point, the Fluxion of which isQ g; and lattly the 
furface APQ, deferibed by the variable line PQ, and 
the Fluxion” of which is the re@angle PQrp, or 
PQ x Pp. And in the fame manner may any folid 
be conceived to be deferibed, by the motion of a vari- 
able plane pavalle! to_itfelf, fubftituting the variable 
plane for the variable line ; in which éafe, the Fluxion 
of the folid, at any pofition, is reprefented by the va- 

: riable 
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riable plane, at that pofition, drawn into the Fluxion 
of the line along which it is carried. * 

9. Hence then it follows generally, that the Fluxion 
of ‘any figure, whether plane or fohd, at any pofition, 
is equal to the fedtion of it, at that pofition, drawn 

* into the Fluxion of the axis, or line along which the va-_ 
riable fe€tion is fuppofed to be perpendicularly carried 5 
i.e. the Fluxion of the figure AQP, is equal the plane 
PQ_x Pp when that figure is a folid, or to the ordi- 
nate PQ x Pp when the figure is a furface. 

10. Tt alfo follows, from the fame premifes, that, 
in any curve, or oblique line, AQ, whofe abfcifs is 

- AP, and ordinate is PQ, the Fluxions of thefe three 
form a fmall right-angled plane triangle Q gr; for 
rsx Pp is the Fluxion of the abfcifs AP, gr the 
Fluxion of the ordinate PQ, and Q ¢ the Fluxion of 
the curve or right line AQ.” And confequently that, 
in any curve, the {quare of the Fluxion of the curve, is 
equal to the fum of the fquares of the Fluxions of the 
abfcifs and ordinate, when thefe two lines are at right 
angles to each other. 

11. From the premifes it alfo appears, that contem- 
porancous fluents, or quantities that flow or incrcafe to- 
gether, which are always in a conftant ratio to each 
other, have their Tluxions alfo in the fame conftant 
ratio at every pofition. For, let AP and BQ be two 
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contemporaneous fluents, defcribed in the fame time by 
the motion of the points P and Q, the contemporaneous 
pofitions being P, Q, and p, 7 ; and let AP be to BQ, 
or Ap to Bg, inthe conftant ratio of nto 1. 


Then is . - - AP=2x BQ, 
and - - - Ap =n x Bg; 
therefore by fubtraction, - Pp =n x 


that is, the Fluxion Pp ; Fluxion Qgiin: ae 
the fame as Fluent AP: Fluent BQi:n : 1; 

or the Fluxions and Fluents are in the fame conftant 
ratio. 

But if the ratio of the fluents be variable, fo will that 
of the Fluxions be alfo, though not in the fame va- 
rinble ratio with the former, at every pofition. 

The Notation, &c, in Fivxions. 

12. To apply the foregoing principles to the deter- 
mination of the Tluxions of algebraic quantities, by 
means of which thofe of all other kinds are determined, 
it will be neceffary firft to premife the notation ufed in 
this {cience, with fome obfervations. As, firft, that 
the final letters of the alphabet z, y, x, cv, &c, are 
ufed to denote variable or flowing quantities; and the 
initial letters a, , ¢, d, &c, conttant or invariable 
ones: Thus, the varieble bafe AP of the flowing rec- 
tangular figure ABQP, at art. 6, may be reprefented 
by x; and the variable altitude PQ, by a: alfo the 
variable bafe or abfcils AP, of the figures in art. 8, 
may be reprefented by x; the variable ordinate PQ; 
by ys and the variable curve or line AQ, by x. 

Secondly, that the Fluxion of a quantity denoted 
by a fingle letter, is reprefented by the fame letter with 
a point over‘it: Thus the Fluxion of x is expreffed 
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by 2, that of y by y, and that of 2 bys. As to the 
Flaxions of conftant or “invariable quantities, as of a, 
8, c, &c, they are equal to o or nothing, becaufe they 
do not flow, or change their magnitude.” * 

Thirdly, that the increments of variable or flowing 
quantities, are alfo denoted by the fame letters witha 
fmall (/) over them: So the increments of x, y, % 
are #, 9, &- 

13. From thefe notations, and the foregoing princi- 
ples, the quantities and their Fluxions, there confider. 
ed, will be denoted as below. 

In all the foregoing figures, put 
the variable or flowing line - 


in art. 6, the conftant line - - - PQ=a, 
in art. 8, the variable ordinate - - PQ=y, 
the variable curve or right line = - =- AQ= 2; 


Then fhall the feveral Fluxions be thus reprefented, viz, 
% == Pp the Fluxion of the line AP, 
a = PQ gf the Fluxion of ABQP in art. 6, 
g% == PQrp the Fluxion of APQ in art. 8, 
z=Q¢= / 3 + 5* the Fluxion of AQ, 
andas = Prthe Flux. of the folid in art. 7, if 
a denote the conftant generating plane PQR. 
Alfonx = BQ in the figure to art. 11, 
and ni = Q q the Fluxion of the fame. 

14. The principles and notation being now laid 
down, we may proceed to the pradtice and rules of this 
do@rine, which confilts of two principal parts, called 
the direé& and inverfe method of Fluxions; viz, the 
dire& method, which confifts in finding the Fluxion of 





any propofed fluent or flowing quantity; and the in-_ 


verfe method, which confifts in finding the fluent of any 
propofed Flaxion. As to the former of thefe two 
problems, it can always be determined, and that in finite 
algebraic terma; but the latter, or finding of fluents, 
only in fome certain cafes, except by means of infinite 
feries.—Firft then, of 


The Dire® Method of Frvxions. 


15. To find the Fluxion of the produét or reCtan- 
Je of two.variable quantities ; 
a ARQP = xy be the flow- 
ing or variable re€tangle, gene- | 
rated by two lines RQ and PQ 
moving always perpendicular to 
each other, from the pofitions 
AP and AR ; denoting the one 
by «, and the other by ys and 
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fuppofe x and y to be fo related, that the curve AQ 


always paffes through their interfeQion Q, or the op- 
pofite angle of the rectangle. 

Now this reétangle confifts of the two trilineal 
{paces APQ, ARQ, of which the Fluxion of the 
former is PQ_x Pp or xy, and that of the latter is 
RQ x Rr or ay, by art. 8 ; therefore the fum of the 
two, xy + ay, Is the Fluxion of the whole reQtangle 
xy or ARQP. 

The fame otherwife.—Let the fides of the rectangle, 
x andy, by flowing, become x + « andy + y: then 
the produét of the two, or xy + <y + xf + VV will 
be the new or contemporaneous value of the flowing rec- 
tangle PR or xy ; fidbtra¢t the one value from the other, 

and 
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and the remainder xy + %y + <%, will be the incre- 
ment generated in the fame time as 2’ ory; of which 
the Taft term xy is nothing, or indefinitely fmall in 
refped of the other two terms, becaufe and ¥ are in- 
defnitely fmall in_ refpec& of x and y3 which term 
being therefore omitted, there remains xy + xy for the 
value of that increment; and hence, by fubilituting 
wandy for ./and Jy to which they are proportional, 
there arifes ay + 4y for the value of the Fluxton of xy 5 
the Tame as before. 

14. Hence may be derived the Fluxions of all powers 
and products, and of allother forms of algebraic quantities 
whatever. And firft for the continual products of any 
number of quantities, as xyz, or wxy%, OF wmxy%, KC. 
For xyz put g or pz, fo that p = xy, and ayz = pz = 7- 


Now, taking the Fluxion of g = pz, by the lait arti- 


cle, itisg = pu + pes but p = xy, and fop = 
ay + ay by the fame article ; fub{tituting therefore 
sthefe values of p and p inftead of them, in the value of 
q, this becomes g = aye + xyz + 2yz, the Fluxion 
of ayz required ;_ which is therefore equal to the fum of 
‘the produdts arifing from the Fluxion of each letter or 
quantity multiplied by the produé of the other two. 
Again, to determine the Floxion of wxyz, the con- 
tinual produ& of four variable quantities ; put this 
produét, viz, wayx or =r, where g = xy% a8 
above ; ‘then, taking the Flaxion by the laft article, 


= gw + quws andthis, by fubftituting for g and qtheir 
values as above, becomes 
oe wayne + wxyz + wxyz + wryr, the Fluxion of 
awxyz as required ; confifting of the Fluxion of each 
quantity drawn into the products of the other three. 

In the very fame manner it is found that the 
Fluxion of vevxys is . 
wwxys + VWXYZ + vwxys + vwxyX + owxyzs and fo 


on, for any number of quantities whatever; in which | 


it is always found that there as many terms a5 there are 
variable quantities in the propofed fluent, and that thefe 
terms confift of the Fluxion of each variable quantity 
multiplied by the produét of all the reft of the quan- 
fities. 

18. From hence is eafily derived the Fluxion of any 
power of a variable quantity, as of x, or x3, or x*, 
&c. For, in the reCtangle or produ& xy, ifx = y, 
then is the produ& xy = xx or xt, and alfo its Fluxion 
ay box) = Sw + xe oF 243, the Fluxion of 27. 

Again, if all the threex, y, 2 be equal ; then is 
the produ@ of the three 2yz = xx¥ OF x3; and its 
Fluxion iyz + oz + xyt se dew -b ee + «x% or 

x2x, the Fluxion of #3. 

And in the fame manner it will appear that the 
Fluxion of +4 is = 4,34, 

that of «5 is = 5x4%, 


~?f, 


that of x? is == ex” 35 
where 1» is any pofitive whole number. That is, the 
Fluxion of any pofitive integral power, is equal to the 
exponent of the power (n), multiplied by the next 


Jefs power of the fame quantity (= ~ 7"), and by the 
Flusion of the root (4). 


7 
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19. Next, for the Fluxion of any fraGtion, as id 
of one variable quantity divided by another; put the 
propofed fraBtion « = 73 then multiplying by the de. 
nominator, r= ys and, taking the Fluxions, 
2=9 +O or yt — qs and, by divifion, 

q = %_9— (by fubftituting the value of ¢ ors 


J J 
es ay _ yoy 






the Fluxion of > as required, 


That is, the Fluxion of any fraétion, is equal to the 
Fluxion of the numerator drawn into the denomina- 
tor, minus the Flexion cof the denominator drawn into 
the numerator, and the remainder divided by the fquare 
of the denominator, 


20. Hence too is eafily derived the Fluxion of any 
negative integer power of a variable quantity, as of 


a 3 er Fy 
+ or, which is the fame thing. For here the 


numerator of the fraction is 1, whofe Fluxion isnothings 
and therefore, by the lait article, the Fluxion of fuch a 
fraQtion, or negative power, is barely equal to minus the 
Fluxion of the denominator, divided by the fquare of 


the. faid denominator. That is, the Fluxion of 
n-!. 
4 * 





ih I . nx nx 
=, or——, is — or 
aa at aera 


or — nz" 425 which is the fame rule as before for 


integral powers. 
Or, the fame thing is otherwife derived immediately 
from the Fluxion of a re€tangle or product, thus: put 


the propofed fraétion, or quotient, —— = gs then is 
a 


gx® = 13 and, taking the Fluxions, 


“a fel, eo - 
# = 0; hence gv = — gns® ty 


qt 
and (dividing by 2”), 


+ gn Goce oc aD, ~ nk 
q=- = (by fubftituting = for g)» rere or 


—nx "a3 the fame as before. 
21. Much in the fame manner is obtained the 
Fluxion of any furd, or fraétional power of a fluent 
= 2 m 
quantity, as of #* or Ve. For, putting the pro- 
x? = g, then, 


xmmgs 


pofed quantity . os 
raifing each to the a power, 


take the Fluxions, - “= ng’—"¢5 


matt 


—t 


ras n 
divide by ng ’ 





Sand 
=. $2 which is ftill the fame rule as before, for 
funding #e Fluxion of any power of a fluent quantity, 
and which is therefore general, whether the exponent 


be pofitive or negative, or integral or fractional. 
22. For 
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22, -For the Floxions’ of 
Logarithms: Let A be the 
incipal vertex of an hyperbo- 

» haviag its afymptotes CD, 
CP, with the ordinates DA, 
BA,PQ , &c, parallel to them. 
‘Then, from the nature of the 
hyperbola, and of logarithms, it 
4s known that any fpace ABP 
ratio of CB to CP, to the modulus ABCD. 


2 





is the log. of the 
Now 
put 1 = CB or BA the fide of the {quare or rhombus 
DB ; m = the modulus, or area of 1}B, or fine of the 
angle C to the radius 1 ; alfothe abfcifs CP = «x, and 


the ordinate PQ = y. Then, by the nature of the 
hyperbola, CP x PQ is always equal to. DB, that is, 


ay =m; hencey = -, and the fluxion of the fpacey 


or xy is ee PQ gp the fluxion of the log. of x, to 
v 

the modulus m. And in the ordinary hyp. logarithms 

the modulus m being 1, therefore = is the fluxion of 


the hyp. log, of x; which is therefore equal to the 
Fluxion of the quantity, divided by the quantity itfelf. 
And the fame might be brought out in feveral other 
ways, independent of the figure of the hyperbola. 

23. By means of the Fluxions of logarithms, are de- 
termined thofe of exponential quantities, i, e. quan- 
tities which have their exponent alfo a flowing or va- 
riable quantity. Thefe exponentials are of two kinds, 
jz, when the root is a conitant quantity, as e*; and 
when the root is variable, as y*. . é 

. In the former cafe, put the propofed exponential 
e = 2%, a fingle variable quantity; then take the 
logarithm of each, fo thall log. of z = xX log. of e; 


itake the fluxions of thefe, fo thall = = + x log. of ¢5 


hence 3 = x¥ x log. of ¢ = e* x x log. of e, the 
fluxion of the propofed’ exponential ¢* ; and which 
therefore is equal to the faid propofed quantity, drawn 
into the fluxion of the exponent, and alfo into the log. 
of the root. 
24. Alfo in the 2d cafe, put the exponential y* = 2 ; 
then the logarithms give log-z = « x log. y, and the 


Buxions give = 2 yx log.y + 4x rs hence % 


2s xX log. y +2 == (by fubftituting y* for x) 


yee x log. y + xy *}, is the fluxion of the propofed 
exponential y*; which therefore confifts of two terms, 
of which the one is the fluxion of the propofed quan- 
tity confidering the exponent only as conftant, and * 
the other is the fluxion of the fame quantity confider- 
ing the root as conftant. : q 
: Of Second, Third, &%¢ Fruxions.—Having explain- 
ed the manner of confidering and determining the firit 
fluxions of flowing or variable quantities ; it remains” 
now to confider thofe of the higher orders, as 2d, 3d, 
ath, &c, Auxions, . . 
‘2g. If the rate or celerity with which any flowing 
quantity changes its magnitude, be conftant, or the 
— at cn Penson then is the fuxion ef it allo. 
“WOLe de . 
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conftantly the fame. But if the variation of magnitudé’ 
be éontinually changing; either increating or decreafing; 
then will there be a certain degree of fluxion peculiar to- 
every point or pofitién ; and the rate of variation gr 
change in the fluxion,’ is ‘called the Hexion of the 
Fluxion, or the fecond Kfuxion of the given fluent quan- 
tity. Id like manne the variation or fluxion of this 
2d fluxion is called the chird Flasion of the firit pro- 
pofed fluent quantity ; and fo on. ao 
And thefe orders of fluxions are denoted by the 
fluent letter or quantity, with the correfpondiag num- 
ber of points over it ; viz, 2 points for the zd fluxion, 
3 for the 3d fluxion, 4 forthe 4th fluxion, and fo on. 
So the different orders of the fluxions of 4, are 


4, ¥, 3, %, &c3 where each is the fluxion of the’ one 
next before it. : 
26. This defcription of the higher orders of fluxions 
may be illuftrated by the three figures at the 8th ar- 
ticle ; where, if x denote the abicifs AP, and y the 
ordinate PQ ; and if the ordinate PQ or y flow along 
the abfcifs AP or x, with an uniform’ motion; then 
the fluxion of x, viv # == Pp or Qr is a conltant quan- 
tity, or # = 0, in all the figures. “Alfo, in fig. 1, im 
which AQ is aright line, ¥ is = rg, or the fluxion of 
PQ, is a conitant quantity, or # == 0; for, the angle’ 
» = the angle A, being conitant, Qy is to rg, or « to 
J, in a conitant ratio. But in the 2d figure, rg, or the 
fluxion of PQ, continually increafes more and more ; 
and in fig. 3 it continually decreafes more and more 5: 
and therefore in both thefe cafes y has a 2d fluxion,. 
being politive in fig..2, but negative in fig. 3 : and foon 
for the other orders of flaxions. F 
27. Thus, if, for inftance, the nature of the curve 
be fuch, that x3 is everywhere equal to a*y ; then, takin 
the fluxions, it is a*y == 327%; and, confidering + ae 
ways as a conftant quantity, ‘and taking always the. 
fluxions, the equations of the: Several orders of fuxions , 


will be as below ; viz, 






the ift fluxions aty =' 347%, 
the 2d fluxions a? = Oxiry 
the 3d fluxions a’ 6i3y 
- the 4th fluxions an 


and all the higher fluxions =:6 or nothing. 
Alfo the higher orders of Ruxions are found in 
fame manner as the lower ones. Thus,  ~ 
The rft flux. of x3 is ays 
its 2d flux. or flux. of 3y*y, con- 
fidered as the reGtangle of 3y* } 39°F + 6yy"5 
_and y, is ihe ass if REA 
and the flux, of this again, or the $3 xi “ 
34 Auxion of y?, ay : X J + 185+ 
28. In the foregoing articles, it has been fappofed 
that the fluents increafe; or that their fluxions are po- 
fitive ; but it often happens that fome fluents decreafe, 
and that therefore their fluxions are negative: and 
whenever this is the cafe, the fign,of the fiuxion mutt 
be changed, or made contrary to that of the fluent. So, 
of the rectangle xy, when both w and y increafe together, 
the fluxion is ¢y - ay: but if one of them,.as y, de- 
creafe, while the ‘other, x, increafes; then the fluxiog 
of § being — 7, the fluxion of xy will in’ that cale be 
ay — aj. . This may be illuftrated by the annexed rec- 
gk tangle 


she 


FLY 


tangle APQR = xy, fuppofed to 
be generated by the motion of 
the line PQ from A towards C, 
and by the motion of the line 
RQ from B towards A: For, 
by the motion of PQ, from A 

towards C,’ the re@tangle is if 
creafed, and its fluxion is + <9; 

but by the motion of RQ, from 

B towards A, the re€tangle is decreafed, and the fluxion 
of the decreafe is xj; therefore, taking the fluxion of 
the decreafe from that of the increafe, the fluxion of the 
reQangle zy, when # increafes and y decreafes, is iy —.xy. 

For the Inverfe Method, or the finding of fluents, 
fee Fiuenr. And for the feveral applications of this 
fcience to Maxima and Minima, the drawing of Tan- 
GENTS, &c, fee the refpective articles. 

An idea of the principles of Fluxions being now de- 
livered, as above, we may next confider fomewhat of the 
chief writings and improvements that have been made 
by divers authogs, fince the firft difcovery of them: in- 
deed fome of the chief improvements may be learned 
by confulting the preface to Dr. Waring’s Medita- 
tiones Analytica. 

The inventor himfelf brought the doétrine of Flux- 
ions to a confiderable degree of perfe&tion ; as may be 
feen by many fpecimens of this fcience, given by him; 
particularly in his Principia, in his Traét on Quadra- 
tures, and in his Treatife on Fluxions, publithed by Mr. 
Colfon ; from all which it will appear, that he not onl 
laid down the whole theory of this method, both dire 
and inverfe ; but alfo applied it in praétice, to-the fo- 
Iution of many of the moft ufeful and important pro- 
blems in mathematics and philofophy. 

Various improvements however have been made by 
many illuftrious authors on this {cience ; particularly 
by John Bernoulli, who treated of the fluents belong- 
ing to the fluxions of exponential expreffions ;. James 
Bernoulli, Craig, Cheyne, Cotes, Manfredi, Riccati, 
‘Taylor, Fagnanus, Clairaut, D’Alembert, Euler, Con- 
dorcet, Walmefley, Le Grange, Emerfon, Simpfon, 
Landen, Waring, &c. There are feveral other trea- 
tifes alfo on the principles of Fluxions, by Hayes, 
Newyentyt, L’Hépital, Hodfon, Rowe, &c, &c, de- 
livering the elements of this feience in an eafy and fa- 
miliar way. 

FLY, in Mechanics, a heavy weight applied to cer- 
tain machines, to regulate their motions, as in a jack, 
or to increafe their effect, as in the coining engine, kc; 
by means of which the force of the power is not only 
preferved, but equally diftributed in all the parts of the 
revolution, 

‘The Fly is either like a crofs, with heavy weights 
at the ends of its arms ; or like a heavy wheel at right- 
angles to the axis of motion. It may be applied to 
various forts of engines, whether moved by men, horfes, 
wind, or water 5 and is of great ufe in thofe parts of an 
engine having a quick circular motion, and where the 
power or refiftance acts unequally in the different 
parts of a revolution. In this cafe the Fly becomes a 
mmederator, making the motion of revolution almoft 
-everywhere equal, 

FLYERS, in Architeétare, fuch fairs as go ftraight, 
and do not wind round, nor have the fleps made tapere 
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ing, but equally broad at both ends. Hence, if one 
flight do not rife to the top of the ftory &c, there is a 
broad half pace, and then commonly another fet of flyers. 

FLYING, the progreffive motion of a bird, or other 
winged animal, through the air. 

he parts of birds chiefly concerned in Flying, are 
the wings and tail: by the former, the bird fultains 
and wafts himfelf along ; and by the latter he is affifted 
in afcending and defcending, to keep his body poifed 
and upright, and fteady. The wings are extended or 
ftretched quite out, and then ftruck forcibly downe 
wards againft the air, which by its refiftance raifes the. 
bird upwards ; then to make another ftroke, the wing, 
by means of its joints, readily clofes in fome degree, 
prefenting the harp edge of the pinion foremoft to cut 
the air, and drawing the collapfed feathers after it like 
a flag, to diminifh the refiftance to the afcent as much 
as poffible ; the wing and feathers are then ftretched 
out horizontally again, and another downward ftroke 
made, which raifes the bird Rill higher ; and fo on as 
far as he pleafes, or as the denfity of the air will fuf- 
tain him; performing thofe motions of the wings very 
rapidly, that the flight may be the quicker. 

Artificial Fuy in, is that attempted by men, &c, by 
the afliftance of mechanics. . 

The art of flying has been attempted by feveral per" 
fons in all ages. Friar Bacon, about 500 years agoy 
not only afferts the poffibility of flying, but affirms that 
he himfelf knew how to make a machine with which 
aman might be able to convey himfelf through the- 
air like a bird; and further adds, that it had been 
tried with fuccefs. ‘Though the fa& is to be doubted," 
if, as it was faid, it confifted in the following method 5: 
viz, in a couple of large thin hollow copper globes, ex- 
haufted of air; which being much lighter than air, 
would fuftain a chair on which a perfon might fit. Fa- 
ther Francifco Lana, in his Prodromo, propofes the 
fame thing, as his own thought. He computes, that 
a round veffel of plate-brafe, 14 feet in diameter, weigh- 
ing 3 ounces the fquare foot, will only weigh 1848 
ounces ; whereas a quantity of air of the fame b R 
will weigh near 2156 ounces; fo that the globe will 
not only be fuftained in the air, but will carry with it, 
a weight of 304 ounces ; and by increafing the fize of 
the globe, the thicknefs of the metal remaining the, 
fame, he adds, a veffel might be made to carry a much 
greater weight. But the fallacy is obvious : a globe of 
the dimentions he defcribes, as Dr. Hook obferves; 
would not fuitain the preffure of the air, but be cruthed: 
inwards. Indeed it is not probable that fuch a globe 
can be made of a thinnefs fufficient to float in the at- 
mofphere after it is exhaufted of air, and yet be ftrong 
enough to fuftain the compreffing force of the atmo- 
fphere. But for this purpofe it feems that the globe 
fhould be filled with an air aselaftic or ftrong as the at- 
mofphere, and yet be very much lighter ; fuch as has 
lately been ufed in the Mongolfiers and Balloons ; the 
former of which is filled with common air heated, fo ag. 
to be more elaftic, and lefs heavy ; and the latter with 
inflammable air, which is as elaftic.as the common air, - 
with oply about one tenth of ‘its weight. And thus 
the idea of flying, .or rather floating, in the air, has 


- been lately realized by the moderns, ufing however a. 


different fort of air. See AzrosTarion. a 
/ e 
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‘The fame author defcribes a-mpchinefor Flying, in- 
wented by the Sieur Befnier, a {mith of Sable, in the 
county of Main. See Philof. Collec. numb. 1. 

By the foregoing method however, at beft, only 3 
method of floating can be obtained, like a log floating 
in a current.; but not of Flying, which confifts in mov- 
ing through the air, evlepeateae of any current ; and 
which nuit be effected by. fomething in the nature of 
wings. Attempts of this latter kind alfo have indeed 
been made by feveral perfons of late years ; but it does 
not appear that any of them have been attended with 
fuch Rocela as to induce the authors of thofe attempts 

to make them public. The philofophera of king Charles 
the fecond’s reign were much bufied about this art 
and the celebrated bifhop Wilkins was fo confident of 
Succefs in it, that he fays, he does not queftion but in 
future ages it will be as ufual to hear a man cal! for 
his wings, when he is going a journey, as it is now to 
call for his boots. 

The ftory of the flight of Dedalus is well known., 

Fryine Pinion, is part of a clock having a fly or 
fan with which to. gather the air, and fo bridle the ra- 
pidity of the clock’s motion, when the weight defcends 
in the ftriking part. 

. FOCAL Diflance, the Diftance of the Focus, which ia 
fometimes underftood ag its diftance from the vertex, as 
in the parabola; and fometimes its diftance from the 
centre, as in the ellipfe or hyperbola. 

FOCUS, in Geometry and the Conic SeAtions, is 
applied to certain points in the Ellipfe, Hyperbola, and 
Parabola, where the rays reflected from all parts of 
thefe curves do concur or meet; that is, rays iffuin 
from a luminous point in the one focus, and falling on 
all points of the curves, are refleGted into the other Fo- 
cus, or into the line directed tothe other Focus, viz, 
into the other Focus in the ellipfe and parabola, and 
dire€tly from it in the hyperbola. Which is the reafon 
of the name Focus, or Burning-point. Hence, as the 
one Focus of the parabola is at an infinite diftance ; 
and confequently al rays drawn from it, to any finite 
part of the curve about the vertex, are parallel to one 
another ; therefore if rays from the fun, or any other 
‘obje& fo diftant as that thofe rays may be accounted 
parallel, fall upon the curve of a parabola or concave 
furface of a paraboloidal figure, thofe rays will all be 
refleted into its Focus, 

Thus, the rays Pf, from the Focus f, are reflected in 
the direGtion PF, into the other Focus F, in the ellipfe 
and parabola, and form the Focus F, into FQ; in the 
hyperbola. 

In all the three curves, the double ordinate CD 
drawn through the Focus F, is the parameter of the 
axis, or a 3d proportional to AB and aé, the tranfverfe 
and conjugate axes. 

In the ellipfe and parabola, the tranfverfe axis is 
equal to the fum of the two lines PF + Pf, drawn 
from the Foci to any point P in the curve; but in the 
hyperbola, the tranfverfe is equal to the difference of 
thofe two lines. That is, 

AB = PF + Pf in the ellipfe and parabola, 

AB = PF — PY in the hyperbola. 

In the cllipfe and parabola, the fquare of the dif- 
tance between the Foci, is equal to the difference of 
the {quares of the two axes; and in the hyperbola, it 
ig equal to the fum of their fquares; that is 
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Ff = AB? — a6? inthe ellipfe and parabcla, 
Fft = AB?* + ad* in the Byres: = 
Therefore the two femi-axes, with the diftance of 
the Focus from the.centre, form always arightaangled. 
triangle FaE, or AE. ge Ae te ae 





In all the curves, the conjugate femi-axis is a meas 
proportional between the diftances of either Focus from 
either énd of the tranfverfe axis: that is,’ 

AF: Ea:: Ea: FB, 
or Eq? = AF. FB. . 

If there be any tangent to thefe curves, and twe 
lines drawn from the Foci to the point of conta@; 
thefe two lines will make equal angles with that tan- 
gent. 

So, if GPG touch the curve at P; 
then is the angle FPG = 2 fPG. 

Ifa line be drawn from either Focus, perpendicular. 
pe upon a tangent; the diftance of their interfection 

tom the centre will be, equal to the femi-tranfverfe 
axis. So, if FH or 
gent PH; then is EH = EA or EB. 
the circle deferibed on the diameter 
through all the points H. : 
_ The. foregoing are the chief properties that are 
common to the Foci of all the three conic fe@tions: 
To which may be added the following propertics 
which are peculiar to the parabola: viz, : 

In the parabola, the diftance from the Focus to the 
vertex, is equal to 3 of the parameter, or half the ordi. 
nate at the Focus; viz, AF = 2 FC. 

Alfo, a line drawn from the Focus to any point is 
the curve, is equal to the fam of the Focal diftance 
from the vertex and the abfcifs of the ordinate to that 
point: i.e. FP= AF + Al. 2 , 

If from any point ofa parabola there be drawn a 
tangent, and a perpendicular to it PK, both to meet the 
axis produced ; then the focus will be equaily difkant 
from the two interfe@tions and the point of conta& ; 
i.e. FG = FP = FK. 


Confeqguently, 
AB, will pals 


fF be perpendicular to the fan. - 


, FOC 
Hence’ alfo the fobhormal: 1] 
the femi-parameter. Bee Ee 
The line ‘drayvi from the, Focus to any point of 
the curve, is equal to 4-the parameter of the diameter 
to that point: i.e. FP = } the parameté of the dia 
meter Pf. : . 
If ‘an ordinate to any diameter pafs through the 
Focus, it will be equal td half its parameter ; and_its 
ableifs equal ta 3. of thé fame parameter ; or the abfcifs 
eqhial to half the ordinate 3. a PL= iMN = iIM 
or TLN. : %, 

Focus, in Optics, is a point in which feveral rays 
meet, and are colleGed, after being either reflected or 
refracted. It is fo called, becaufe the rays being here 
brought together and united, their force and effe& are 
increafed, infomuch as to be able to burn; and there- 
fore it is that bodies are placed in this point to be 
burnt, or to thew the effeét of burning glaffes, or mir- 
tors.—-Et is ta be obferved however, that in practice, 
the Focus is not an abfolute point, but a {pace of fome 
{mall breadth, over which the rays are fcattered ; ow- 
ing to the different nature and refrangibility of the 
rays of light, and to the imperfections in the figure of the 
lens, &c. However, the finaller this fpace is, the better, 
or the nearer to perfection the machine approaches,. 
Huygens thews that the Focus of a lens convex on both 
fides, has its breadth equat to §°of the thicknefs of the 
lens i : 

Virtual Focus, or Point of Divergencey fo called by 
Mr, Molyneux, is the point from whente rays tend, 
after refraction or reflection; being in this refpe@ops 
‘pofed to the ordinary Focus, or Point of Concurrence. 
‘where rays are made to.mect after refra@ion or reflec- 
tion, Thus, the Foci of an hyperbola ave mutually 
Virtual Foci to each other; but, in an ellipfe, they 
are common Foci_to each other: for the rays are re- 
Reed from the other: Focus in the hyperbola, but f- 
wards it in the ellipfe ; as appears by the figures at the 
beginning of this article. 





= 2AF or = FC 





And; in Dioptrics, Tet ABC be the concavity of a 
glafs, whofe centre is D, and axis DE: Let FG be a 
‘ray of light falling on the glafs, parallel to the axis DE} 
this ray FG, after it has paffed through the glafs, at 
its emerfion at G will not proceed directly to H, but 
be refraéted from the perpendicular DG, and will be- 
come the ray GK, which being produced’ to meet the 
axis in E, this point E is the Virtual Focus, as the 
vay is refraéted directly from this point. 


Ruks for the Foci of Lenfes and Mirrors. 


I. In Catoptrics, or Lenjes. 


3. The Focus of a convex glafs, i. e. the point 
where parallel rays tranfmitted through a convex glafs, 
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whofe furface is the feginent of a (phere, do unite, i& 
diftant from the pole or vertex of the glafs, almott a 
diameter’ and hake of the convexity.-2,. In a Plano« 
Convex glafs, the Focus of parallel rays is diftant from. 
the pole of the glafs a diameter of the convexity, if 
the fegment do not exceed 30 degrees. Or the rule 
in Plino-Convex glaffes is, As 107 : 193 :.: fo is the ra- 
@ius of convexity: to the’ refraéted ray taken-to its 
‘eoncourfe with the axis; which in glaffes of larger 
fpheres is almoft equal to the diltance ‘of the Focus 
taken in the axis.—3. In Double-Convex glaffes of the 
fame {phere, the Focus is diftant from the pole of the 
glafs about the radius of the convexity, if the fegment 
be but 30 degrees. But when the two convexities are 
unequal, or fegments of different fpheres, then the rule 
is, As the-fum of the radii of both convexities: to the 
radius of either convexityalone:: :fo is double the radius 
of the other convexity: to the diftence of the Focus. 
—Here obferve, that the rays which fall nearer the 
axis of any glafs, are not united, with it fo near the: 
:. nor will the 
Foeal diftance. be fo great in a plano-conyex glafé, 
when the-convex fide is towards the object, as when 
the plane ide is towards it. Ard. hence it is truly 


> concluded, that, in viewing any obje@ by a plano-con~ 


vex glafs, the convex fide fhould always be turned oute 
ward ; as alfo in- burning by fuch a glafs, 


y 


U.. For the Virtual Facvs, obferve 


t. That in Concave glaffés, when a ray falls from, 
‘air parallel to the axis, the Virtual Focus, by its firft, 
réfraGtion, becomes at the diftance of a diameter,and a, 
half“of the concavity.—2. In Plano-Concave glaffes,, 
‘when ‘the rays Yall parallel to the axis, the Virtual’ 
Focus is diftant. from, the glafs; the diameter of the 
concavity.-3. In Plano-Concave glaffes, as 107 : 193 #3. 
fo is the radius of the concavity: to the diftance of the 
Virtual Focus.—4. In Double Concayes of the fame 
fphere, the Virtual Focus of parallel rays is at the dif- 
tance of the radius of the concavity.” But, whether. 
the concayities be equal or unequal, the Virtual Focus, 
or point of divergency of the parallel rays, is deter= 
mined by this rule; As the fum of the radii of both. 
concavities : is to the radius of either concavity :: fo. 
is doubje the radius of the other concavity : to the- 
diftance of the Virtual Focus.—s. In Concave glaffea,. 
expofed to converging rays, if the point to which the 
incident ray converges, be farther diftant from the glafs 
than the. Virtual Focus of parallel rays, the rule for 
finding the Virtual Focus of this vay, ts this; As the 
difference between the diftance of this point from the- 
glafs, and the diftance of the Virtual.Focus from the 
glals: is to the diftance of the Virtual Focus: : fo js. 
the diftance of this point of convergence from the glafs :. 
to the diftance of the Virtual Focus of this converg- 
ing ray—6. In Concave glaffes, if the point to which 
the incident ray converges, be nearer to the glafs than 
the Virtual Focus of parallel rays, the rule to find 
where it croffes the axis, is this; As the excefs of the 
Virtual Focus, more than this point of convergency : 
is to the Virtual Focus :.: fo is the diftance of this. 
point of convergency from the glafs : to the diftance- 
of the point where this ray croffes the axis. 

Uh 
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YQ. Pradical Rules for finding the Foe: of Glaffes. _ 


.. 1..Fo find, by experiment, the Focus of a convex 
fpherical glafs, being of a {mall {phere ; apply it to 
the ‘end ofa feale of inches and decimal parts, and ex- 
pofe it before the fun; upon the feale may be feen the 
bright interfection of the ays meafured out: or, ex- 
pofe it in the hole of a dark chamber; and where a 
white paper receives the diflin€ reprefentation of 
diftant objects, there is the Focus of the glafs.—z. For 
a glafs of a pretty long Focus, obferve fome diftant ob- 
jeét through it, and recede from the glafs till the eye 
perceives all in confufion, or the object begins to ap- 
pear inverted ; then the eye is in the Focus.—3. For 
.a Plano-Convex glafs : make it refleét the fun againft 
the wall; on the wall will then be feen two forts of 
light, a ah eae within another more obfeure: with- 
draw the glafs from the wall, till the bright image be 
in its leaft dimenfions ; then is the glais diftant from 
the wall about a fourth part of its Focal length—4. 
For a Double Convex : expofe each fide to the fun in 
Like, manner; and obferve both the diitances of the 
glafs from the wall : then is the firlt diftance about 
chalf the radius of the convexity turned from the fun 5 
and the fecond is about half the radius of the other 
-convexity, The’ radii of the two convexities being 
thus known, the Focus is then found by this rule; 
As. the fu of the radii of beth convexities ; is.to the 
radius. of cither convexity :: fo is double the radius of 
the other convexity : to the diltance of the Focus. 


IV. To find the Foc: of all Glaffes Geometricallye 


Dr. Halley has given. a general method for finding 
.the Foci of fpherical glaffes of alf kinds, both concave 
and convex; expofed-ta any kind of rays, either parallel, 
converging, or diverging ; as follows: To find the 
Foeus.of any parcel of rays diverging from, or con- 
verging to, a given point in the axis of a fpherical lens, 
and making the fame angle with it; the ratio of the 
fines of refraction being given. 








Suppofe ‘GL a Jens: P a point in its farface 5 V its 
poles; C the centre of the ipherical fegment ; O the 
object, or point in the asis, to or from which the rays 
proceed ; and OP a given ray : and fuppoie the ratio 
of refraétion to be as r to s. Then making CR to 
CO, as s to r for the immerfion. of a ray, or as r to s 
for the emerfion (i. . as the fines of the angles in the 
medium which the ray enters, to the correfponding 
fines ip the medium out of which it comes) ; and lay- 
ing CR from C towards O, the point R will be the 
fame for all the rays of the point O. Laftly, drawing 
the radius PC, continued if neceflary ; with the centre 
R, and diltance OP, defcribe an are interfecting PC tn 
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3 
. The line QR, being drawn, fhall be parallel to 
aeiieiel coe id Pr, being’ made parallel to it, 


” fhall interfeét the axis in the point F, ‘the Focus fought. 


—Or, make as CQ: CP::CR: CF, which will be. 
the diftance of the Focus from the centre of the fphere. 
—Awnd from this general conftruétion, he adverts to @ 
number of particular fimple cafes. 

Dr. Halley gave alfo an univerfal algebraical theorent 
to find the Focus of all forts. of optic glaffes, or lenfes. 
See the Philof. Tranf. N° 205, or Abr. vol. 1, pa. 191 


V. In Catoptrics, or Foct by RefleGione 


Thefe are eafily found for any known. curve, from 
this principle, that the angle of reflection is always 
equal to the angle of incidence. 7 

The fame are alfo eafily found by experiment, being 
expofed to any object. ; € 

The increafe of heat from colleéting the fun’s rays: 
inte a Focus, has been found in many. cafes of burning: 
glaffes, to be aftonifhingly great ; the effet being in~ 
creafed as the fquare of the diameter of the glafs ex- 
ceeds that of the Focus. If, for inftance, there be a 
burning glafs of 12 inches diameter $ this will collect, 
or crowd together all the rays of the fun. which falk 
upon the: glafs into the compafs of about } part of an 
inch : then, the areas of the two fpaces being as the 
fquare of 12 to the fquare of 4, or as the fquare of 
g6 to the fquare of 1, that is, as 9216 to 15 it follows, 
that the heat in the Focus will be 9216 times greater 
than the fun’s common heat. And this will have an ° 
effect as great as the direct rays, of the fun would have 
on a body placed. at the 96th part of the earth’s dif-. 
tance from the fun; or the fame as on a planet that 
fhould move round the fun at but a very little more 
than a diameter of the fun’s diftance from him, or that 
would never appear farther from him than about 36- 
minutes, z ; 

Befides Dr. Halley in his method. for finding the 
Foci, feveral other authors have written upon this fub- 
jeét ; as Mr. Ditton, in his Fluxions; Dr..Gregory, in 
his Elements of Dioptries ; M. Carré, and Guifnée, iu 
the Memoires de PAcad.: Dr. Barrow and Sir I. New- 
ton have alfo neat and elegant ways of finding geometri- 
cally the Foci of fpherical glafles ; which may be feen 
in Barrow's Optical Lectures. 

FOLIATE, a name given by fome toa curve of the 
2d order, exprefled by the equation x? + 93 = axy, 
being one fpecies. of defective hyperbolus, with one 
afymptote,-aud confifting of two infinite legs crofling 
each other, forming a fort of leaf. It is the 42d fpecies 
of Newton’s Lines of the 3d Order. 

FOLKES (Marrix), an Englifh mathematician, 
philofopher; and antiquary, was born at Weilminiter 
about 1690; and was greatly diftinguithed as a menm 
ber of the Royal Society in London, and of the Aca+ 
demy of Sciences at Paris. He was admitted.into the 
former at 24 years of age; made one of their council 
two years after; named. vice-prefident by Sir [faac 
Newton himfelf; and, after Sir Hans Sloane, became 
prefident. Coins, ancient and: modern; were a great 
object with him ; and his lait produdtion was a: book 
upon the Englifh Silver Coin, from the Conquett to his 
owntimes. He died at London in 1754. Dr. Birch 
had drawa up materials fora life of Mr. Folkss, which 

xre. 
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are preferved at large in the Anecdotes of Bowyer, 
“p. 562. There are many memoirs of Mr. Folkes’s in 
the Philof, Tranf. from vol. 30 to vol. 46, both in- 
clufive ; viz,. 1, Account of an Aurora Borealis, vol. 
30-~2. Of Lieuwenhoek’s curious Microfcope, vol. 
32.-~3. On the Standard Meafures in the Capitol at 
Rome, vol. 39.—4. Obfervations of three Mock-funs, 
vol. 40.5. On the freth-water Polypus, vol. 42.—6. 
On human bones petrified, vol. 43.—7. On a paflage 
4n Pliny’s Natural Hiftory, vol. 43.—8. On an Earth- 
quake at Losdon, vol. 46.—9. Ditto at Keufington, 
vol. 46.—10. Ditto at Newton, vol. 46. 

FOMAHAUT, or Fomacuaur, a tar of the firt 
magnitude in the water of the conftellation Aquarius, 
or in the mouth of the fouthern fish. Its latitude is 
21° 6’ 28” fouth, and mean longitude to the beginning 
of 1760, 115 0° 28" g5f, 

FONTENELLE (Bernarp DE), a celebrated 
French author, was born at Rouen in 1657, and died 
in 1756, when he was near 100 yearsold. He wasa 
univerfal genius: at a very early age he wrote feveral 
comedies and tragedies of confiderable merit ; and he 
did the fame at a very advanced age. Voltaire declares 
rhim the moft univerfal genius the age of Lewis the 
14th produced ; and compares him to lands fituated in 
fo happy a climate, as to produce all forts of fruits. 
His laft comedies, though they thewed the elegance of 
Fontenelle, were however, little fitted for the flage ; 
he then alfo produced an Apology for the Vortices of 
Des Cartes; upon which Voltaire fays, We muft 
excufe his comedies, or account of his great age; and 
his Cartefian opinions, as they were thofe of his youth, 
«when they were univerfally received all over Europe.” 

In his poetical performances and Dialogues of the 
Dead, the fpirit of Voiture was difcerned, though 
more extended and more philofophical. His Plurality 
of Worlds is a work fingular in its kind: his defign in 
this was, to prefent that part of philofophy to view in 
a gay and pleafing drefs, 

Fontenelle applied himfelf alfo to mathematics and 
natural philofophy ; in which he proved not lefs fuc- 
cefsful than he had been in polite literature. Having 
been appointed perpetual fecretary to the Academy of 
Sciences, he difcharged that truit above 40 years with 
univerfal applaufe : his Hiftory of the Academy often 
throws great light upon their memoirs, which are fome- 
times obfcure; and it has been faid, he was the firft 
who introduced elegance into the fciences. The 
Eloges, which he pronounced on the deceafed members 
of the Academy, have this peculiar merit, that they ex 
cite a refpeét for the {ciences as well as for the authors. 

Upon the whole, Fontenelle mutt be looked upon as 
the great mafter of the new art of treating abftraét 
{ciences, in a manner that make their ftudy at once 
eafy and agreeable: nor are any of his works of other 
kinds void of merit. All thofe talents which he pof- 
feffed from nature, were affifted by a good knowledge 
ef hiftory and languages: and he perhaps furpaffes all 
men of learning who have not had the gift of inven- 
fion. 

Befide his poetical and theatrical works, with thofe 
of Belles lettres, &c, he publithed Elemens de Geometrie 
de P Infini, in ato, 1727 3 alfo the Theorie des Tourtil- 
dens Cartefiens ; and Difcours morauz & pbilofopbiques. 

ry 
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All his different works were colleGed in eleven volumes, 
12mo, under the title of Oeuvres Diverfes. 

FOOT, a meafure of length, divided into 12 inches, 
and each inch fuppofed to contain 3 barley-corns in 
length. Geometricians divide the Foot into 10 digits, 
and the digit into 10 lines, &c. The French divide 
their Foot, as we do, into 12 inches; but their inch 
they divide into 12 lines. 

It feems this meafure has been taken from the length 
of the human Foot; but it is of different lengths in 
different countries. The Paris royal Foot is to the 
Englith Foot, as 4263 to 4000, and exceeds the Englith 
by of lines; the ancient Roman Foot of the Capitol 
confifted of 4 palms; equal to 11 inches ard ,’y Eng- 
li; the Rhinland, or Leyden Foot, ufed by the north 
ern nations, is to the Roman Foot, as 19 to 20. For 
the proportions of the Foot of feveral nations, com- 
pared with the Englifh, fee the article Mzasure. 

Square Foor, is a fquare whofe fide is 1 foot, or 12 
inches, and confequently its area is 144 {quare inches. 

Cubic Foor, is a cube whofe fide is one Foot, or 12 
inches, and confequently it contains 123 or 1728 cubic 
inches. 

Foot-bank, or Foor-/iep, in Fortification, See Ban- 
QUETTE. : 

FORCE, Vis, or Power, in Mechanics, Philofo- 
phy, &c, denotes the caufe of the change in the ftate 
of a body, with refpect to motion, reft, poe. &es 
as well aa its endeavour to oppofe or refift any change 
made in fuch its flate. Thus, whenever a body, which 
was at reft, begiius to move; or when its motion is 
either not uniform, or not dire&t; the caufe of this 
change in the ftate of the body, is what is called Force, 
and is an external Force. Or, while a body remains 
in the fame ftate, either of reft, or of uniform and reéti- 
linear motion, the caufe of its remaining in fuch ftate, 
is in the nature of the body, being an innate internal 
Force, and is called its Jnertia. : 

Mechanical Forces may be reduced to two forts ; 
one of a body at reft, the other of a body in motion, 

The Force of a body at rett, is that which we cons 
ceive to be in a body lying ftill on a table, or hangin 
by a rope, or fupported by a fpring, &c; and this is 
called by the names of Preffure, Tenfion, Force, or 
Vis Mortua, Solicitatio, Conatus Movendi, Conamen, 
&c ; which kind of Force may be always meafured b 
a weight, viz, the weight that fuftains it, To this 
clafs of Forces may alfo be referred Centripetal and 
Centnfugal Forces, though they refide in a body ik 
motion; becaufe thefe Forces are homogeneous to. 
weights, preffures, or tenfions of any kind. The pref. 
fure, or Force of gravity in any body, is proportional 
to the quantity of matter in it. 

The Force of a body in motion, is a power refiding 
in that body, fo long as it continues its motion; by 
means of which, it is able to remove obftacles lying ix 
its way; to leffen, deftroy, or overcome the Force of 
any other moving body, which meets it in an oppofite 
direétion ; or to furmount any the largeft dead preffure 
or refiftance, as tention, gravity, fri€tion, &c, for fome 
time ; but which will be leffened or deftroyed by fuch 
refiftance as leffens or dettroys the motion of the body. 
This is called Wis Motrix, Moving Force, or Motive 
Force, and by fome late writers Vis Viva, to diftinguifk 

it 
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it from the Vis Mortua fpoken of before; and by thefe 
appellations, however different, the fame thing is under- 
flood by all mathematicians; namely, that power of 
difplacing, of withftanding oppofite moving Forces, or 
of overcoming any dead refiitance, which refides in a_ 
moving body, and which, in whole or in part, conti- 
nues to accompany it, as long as the body moves; and 
may be otherwife called Percuflive Force, or Momen- 
tum. 

But concerning the meafure of this kind of Force, 
mathematicians have been divided into two parties. It’ 
is allowed by both fides, that the meafure of this Force 
depends partly upon the mafs of matter in the body, 
or its weight, and partly upon the velocity of its mo» 
tion; fo that upon any increafe of either weight or 
velocity, the moving Force will become greater. It is 
alfo agreed, that the velocity being given, or being the 
fame in two moving bodies, their Forces will be in pro- 
portion to their maffes or weights. But, when two 
bodies are equal, and the velocities with which they 
move are different, the two parties no longer agree 
about the meafure of the moving Force. 

The Cartefians and Newtonians maintain, that, in 
this cafe, the moving Force is in proportion fimply as 
the velocity with which a body moves; fo that with 
a double velocity it has a double Force, &c: But 
the Leibnitians affert, that the moving Force is pro- 
portional to the fquare of the velocity ; fo as, with a 
double velocity to have a quadruple Force, &c. Or, 
when the bodies are different, the former hold, that 
the momentum or moving Force of bodies, is in the 
compound ratio of their weights and velocities; But 
the Leibnitians hold, that it is in the compound ratio 
of the weights and {quares of the velocities, 

Though Leibnitz was the firft who exprefsly af. 
ferted, that the Force of a body in motion is as the 
{quare of its velocity, which was in a paper inferted in 
the Leipfic AGs for the year 1686, yet it is thought 
that Huygens led him into that notion, by fome de- 
monftrations in the 4th part of his book De Horologio 
Ofcillatorio, relating to the centre of ofcillation, and 
by his differtations, in anfwer to the objeétions of the 
abbot Catalan, one of which was publithed in 1684. 
This eminent mathematician had demonftrated, that in 
the collifion of two bodies that are perfeélly elaitic, the 
fum of the produéts of each body multiplied by the 
fquare of its velocity, was the fame after the thock as 
before; (though the fame thing is true of the fums of 
the products of the bodies multiplied fimply by their 
velocities), Now that propofition is fo far general as 
to obtain in all collifions of bodies that are perfeétly 
elaftic : and it is alfo true, when bodies of 4 perfect 
clafticity ftrike any immoveable obitacle, as well as 
when they ftrike one another ; or when they are con- 
ftrained by any power or refiftance to move in dire¢tions 
different from thofe in which they impel one another. 
Thefe confiderations might have induced Huygens to 
Jay it down as a general rule, that bodies conftantl 


preferve their Afcenfional Force, i. e. the produ& of 


their mafs by the height to which their centre of gra- 
vity can afcend, which is as the {quare of the veloc: 
ty; and therefore, in a given fyftem of bodies, the fum 
of the {quares of their velocities will remain the fame, 


aud not be altered by the aGtion of the bodies among 


[ 495 ] 


FOR 
themfelves, nor againft immoveable obftacles. Leibnitz’s 
metaphyfical fyftem led him to think that the fame quan- 
tity of a€tion or Force fubfifted in the univerfe ; and 
finiding this impoffible, if Force were eftimated. by the 
quantity of motion, he adopted Huygens’s principle of 
the prefervation of the Afcenfional Force, and made it 
the meafure of moving Forces. But it is to be ob- 
ferved that Huygens’s principle, above-mentioned, is 
neral only when bodies~are perfeétly elaftic ; and in 
fome other cafes which Maclaurin has endeavoured to 
diftinguifh : fhewing at the fame time.that no ufeful 
conclufion in mechanics is affected by the difputes con- 
cerning the meafure of the Force of bodies in motion, 
which have been objected to mathematicians. Ana- 
lyft, Query 9. See Maclaurin’s Fluxions, vol. 2, arte 

33 Huygens Oper. tom. 1, pa. 248; &c. 

933 bibnites pricks was supted by feveral perfons ¢ 
as Wolfius, the Bernoullis, &c. Mr. Dan. Bernoulli, 
in his T'eatife, has affumed the prefervation of the 
Vis Afcendens of Huygens, or, as others exprefs it, 
the Confervatio Virium Vivarum ; and, in Bernoulti’s 
own expreffion, equalitas inter defeenfium a@ualem afcen= 
Sumque potentialem, as an hypothelis of wonderful ufe in 
mechanics.” But a late author contends, that the con- 
clufions drawn from this principle are oftener fale than 
true. See De Confervat. Virium Vivarum Differt. 
Lond. 1744. 

Catalan and Papin anfwered Leibnitz’s paper pub» 
lifhed in 1686; and from that time the controverly 
became more general, and was carried on for feveral 
years by Leibnitz, John and Daniel Bernoulli, Poleni, 
Wolfius, s’Gravefande, Camus, Mufchenbroek, &c, on 
one fide ; and Pemberton, Eames, Defaguliers, Dr. S. 
Clark, M. de Mairan, Jurin, Maclaurin, Robins, &c, 
onthe other, See A&. Erud. 1686, 1690, 1693, 1695 
Nouv. de la Rep. des Let. Sept. 1686, 1687, art. 25 
Comm. Epift. inter Leibn. et Bern. Ep. 24, p. 143 3 
Difcourfes fur les Loix de la Comm. du Mouvement, 
Oper. tom. 3, & Diff. de vera Notione Virium Viva= 
rum, ib.; A. Petropol. tom. 1, p. 131, &c 3 Hy- 
dronamica, fet. 1; Herman, in AQ. Petrop. tom, 
1, p.2, &c $ Polen, de Caftellis ; Wolf. in AG. etrop. 
tom. 1, p. 217, &c, and in Cofmol. Gener. ; Gravef. 
in Journ. Lit. and Phyf. Elem. Math. 1742, lib, 2, 
cap. 2 and 3; Memoir. de PAcad. des Sciences 1728; 
Mufchenbr. Int. ad Phil. Nat. 1762, vol. 1, p- 83 &cs 
Pemb. &c, in Phil. Tranf. number 371, 375+ 3795 
396; 400, 401, or Abridg. vol. 6, p. 216 &c. airan 
m Memo. de Acad. des Se. 1728, Phil. Tranf. numb. 
459, or Abridy. vol. 8, p. 236, Philof. Tranf. vol. 435 
P- 423 &c; Maclaurin’s Acc. of Newton’s Difcos 
veries, p. 117 &c, Flux. ubi fupr. & Recueil des 
Pieces qui ont emporté le Prix &c. tom. 1; Defagul. 
Courfe Exp. Philof. vol. 1, p. 393 &c, vol. 2, p- 49 
&e; and Robins’s Tracts, vol. 2, p. 135. 

The nature and limits of this work will not admit 
of a full account of the arguments and experiments that 
have been urged on both fides of this queflion s but 
ee may be found chiefly in the preceding references. 
A. few of them however may be coniidered, as follows, 

The defenders of Leibnitz’s principle, befide the ars 
guments above-mentioned, refer to the fpaces that bo« 
dies afcend to, when thrown upwards, or the penetra- 
tions of bodies let fall into foft wax, tallow, clay, fnow,” 
and 
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and othel foft fubftances, which fpaces are always.as 
the {quares of the velocities of the bodies, -On the 
other hand, their opponents retort, that fuch fpaces 
ave not the mealures pf the force in queftion, which 
is rather percuffive and momentary, as thofe above are 
pafled over in unequal times, and are indeed the joint 
efleét of. the Forces and times. , : 
 Defagulicrs brings an aygument from the familiar 
experiment of the balance, and the other fimple me- 
chanic powers, thewing that the effect is in proportion 
to the velocity multiplied by the weight ; for example, 
4 ponds being placed at the diftance of 6 inches ftom 
the centre of motion of a balance, and 2 pounds at the 
diftance of 12 inches ; thefe will have a Vis Viva if the 
balance be put into a fwinging motion. Now it ap- 
pears that thefe Forces are equal, becaufe, with con- 
trary directions, they foon deitroy each other 5 and they 
are to each other in the fimple ratio of the velocity mul- 
tiplied by the mafs, viz 4 x 624, and 2 x 12 =24 
ulfo. : 
Mr. Robins, in his remarks on J. Bernoulli's treatife, 
entitled, Difcours fur.les Loix de la Communication 
du Mouvement, informs us, that Leibnitz adopted this 
epinion through mittake; for though he maintained 
that the quantity of Force is always the fame in the 
univerfe, he endeavours to expofe the error of Des 
Cartes, who alfo afferted, that the quantity of motion is 
always the fame ; and in his difcourfe on this fubje¢t in 
the Aéta Eruditorum for 1686, he fays that it is agreed 
of by the Cartefians, and all other philofophers and 
mathematicians, that there is the fame Force requifite 
to raife a body of 1 pound -to the height of 4 yards, 





as to raife a body of 4 pounds to the height of 1 yard ; - 


but being hewn how much he was miitaken in taking 


that for the common opinion, which would, if allowed, . 


provethe force of the body to be as the fquare of the 


velocity it moved with, he afterwards, rather-than-own * 


himfelf capable of .fuch .a millake, endeavoured to de- 
fend it as true ; fince he found it was the neceffary con- 
fequence of what he had once afferted ; and maintained, 
that the’ force ofa body in motion was proportional to 


the height from which it mutt fall, to acquire that ve- ; 


locity ; and the heights being as the fquares of the velo- 


cities, the Forces would be as the maffes multiplied by ° 


them 3 whereas, when a body defcends by its gravity, 
or-is. proje€ted perpendicularly upwards, its motion 
may be ‘confidered as the fum of the uniform and con- 
tinual impulfes of the power, of gravity, during its fall- 


ing in the former cafe, and till they extinguifh it in the | 
latter. Thus when a body is projected upwards with | 


a double velocity, thefe uniform impulfes muft be con- 
tinued for a double time, in order to deftroy the motion 
of the body; and hence it follows, that the body, by fett- 


ing out witha double velocity, and afcending for a double © 


time, mult arife to a quadruple height, before its motion 
js exhaufted. « But this proves that a body witha double 
velocity moves with a double Force, fince it is produced 
or deftroyed by the fame uniform power continued fora 


* double time, and not with a quadruple force, though it - 
_ their fhock, does not happen in an initant, appears eb 


rifes to a quadruple height; fo that the error of Leibnitz 
confifted in hig not confidering the time, fince the veloci- 


ties alone are not the caufes of the {paces defcribed, but’ 


the times and the velocities together; yet this is the falla- 


“pious argument on which he firfk built his new doCtrine 5 - 
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and thofe which have been fiace much infifted on, and 
derived fram the indentings or hollows produced in foft 
bodies by others falling into. than, are much of the: 
fame kind. Robins’s Tratts, vel. 2, p. 178. 

But many of the experiments and reafonings, that 
have been urged on both fides in this controverfy, have 
been founded in the different fenfes applied to the term, 
Force. The Englith and French philofophers, by the 
word Force, mean the fame thing as they do by mo-, 
mentum, motion, quantity of motion, percuilion, or in 
flantaneous preffure, which is meafared by the mafa- 
drawn into the velocity, and may be known by its 
effet; and when they confider bodies as moving through ' 
a certain fpace, they allow for the time in which that 
fpace is deferibed; whereas the Dutch, Italian, and 
German philofophers, who have efpoufed the new opi- 
nion, mean by the word Force, or Force inherent in a 
body in motion, that which it is able to produce ; or, 
in other words, the Foree is always meafured by the 
whole effeét produced by the body in motiun ; until its 
whole Force be entirely communicated. or deftroyed, 
without any regard to the time employed in producing - 
this total effect. "Thus, fay they, #€ a point runs careagh 
a determinate fpace, and preffes with a certain given 
Force, or intenfity of preffure; it will perform the fame 
ation whether it move faft or flow, and therefore-ther 
time of the ation in this cafe ought not to be regarded, 
s’Gravefande, Phy, El, Math. Figask, 

Mr. Euler obferves, with regard to this difpute con- 
cerning the meafure of vivid Force, or living Force, as- 
it is fometimes called, that we cannot abfolutely aferibe 
any Force to a body, in motion, whether we fuppofe . 
this Force proportional to the velocity, or to. the 
fquare of the velocity : for the Force exerted by a body,., 
ftriking ‘another at reft, is different from that which it 


"exerts in ftriking the fame body in mation ; fo that this 


Force cannot be afcribed to any body confidered in #-+ 
felf, but only relatively .to the other bodies it méets : 
with, ... There is no force in a body abfolutely confider. - 
ed, but its inertia, which is always the fame, whether ; 
the body be in motion-or at reft, But if this body i 
be forced by others to change its ftate, its inertia then ! 
exerts itfelf as a Force, properly fo called, which is HOt, ; 
abfolutely determinable ; becaufe it depends on thei! 
changes that happen in the ftate of the body. .- 3/' 4 

A fecond obfervation which has been made by fome + 
eminent writers, is, that the effeét of a thock of two 
or more bodies, is not produced in an inftant, but:rk= 
quires a certain interval of time. If this be fo, the, 
heterogeneity between the Vis Viva and Mortua, ofe 
Living and Dead Force, will vanith; {ince a preffare's 
may always be‘afligned, which in the fame time, howe 
ever little, fhall produce the fame effet. If then ‘thes 
Vis Viva be homogeneous to the Vis Mortua, and havea 
ing a perfeé&t meafure and knowledge of the latter, Wa 
need require no other meafure of the former than thas 
which is derived from the Vis Mortua equivalent-§ 
It. 

Now that the change in the fate of two bodies, by 





dently from the experiments made on. {oft ‘bodies ¢ 9g 

thefe, percuffion forms a {mall cavity, vifible after thy 

fhock, if the bodies have no elafticity. .Such a vay 

caanet certainly be made in an initant. Ani 
2 : 
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fhock of foft bodies requiré:a devirminate time, we 
mutt certainly fay as much of the hardeft, theugh this 
time may be fo fmall as to be beyond all our ideas. 
Neither can an inftantaneous fhock agree with that con- 
fant law of nature, by virtue of which nothing is per- 
formed per faltum. . But it is needlels to infift farther 
upon this, jince the duration of any fhock may be de- 
termined from the moft certain principles. 

There can be no fhock or collifion of bodies, with- 
out their making mutual impreffions on cach -other : 
thefe impreffions will he greater or lefs, according as 
the bodies are more or lefs foft, other circumftances 
being the fame, In bodies called hard, the impref- 
fons are fmall; but a perfet hardnefs, which admits 
of no impreflion, feems inconfiftent with the laws of 

_hature; fo that while the collifion laits, the aétion of 
bodies is the refult of their mutually preffing each other. 
This preffure changes their ftate ; and the Forces exert- 
ed in percuffion are really preffures, and truly Vires 
Mortuz, if we will ufe this expreffion, which is no 
longer proper, fince the pretended infinite difference be- 
tween the Vires Vive and Mortuz ceafes. 

The Force of percuffion, refulting from the preffures 
that bodies exert on each other, while the collifion lafts, 
may be perfe@ly known, if thefe preffures be. determin- 
ed for every inftant of the fhock. ‘The mutual aétion 
of the bodies begins the firft moment of their conta& ; 
and is then leait ; after which this aétion increafes, and 
becomes greateft when the reciprocal impreffions are 
ftrongeft. If the bodies have no elatticity, and the im. 
preffions they have received remain, the Forces will 
then ceafe. But if the bodiés be elattic, aud the parts 
compreffed reftore themfelves to their former ftate, then 
will the bodies continue to prefs each other till they 
feparate. To. comprehend therefore perfectly the 
Force of percuffion, it is requifite firfl to define the 
time the fhock lafts, and then to affign the prefure 
correfponding to each inftant’ of this time ; and as the 
effect of preffures in changing the ftate of any body may 
be known, we may thence come at the true caufe of the 
change of motion arifing from collifion, The Force 
of percuffion therefore is no more than the operation 
of a variable preffure during a given time ; and to mea- 
fure this Force, we mutt have regard to the time, and 
to the variations according to which the preffure in- 
creafes and decreafes. 

Mr. Euler has given fome calculations relative to 
thefe particulars ; and he illuftrates their tendency by 
this inflance: Suppofe that the hardnefs of the two 
bodies, A and B, is equal; and fuch, that being 
prefled together with the force of 1oolh, the impreffion 
made on each is of the depth of sz'ygth part of a foot. 
Suppofe alfo that B is fixed, and that A trikes it with 
the velocity of 100 feet in a fecond ; according to Mr, 
Euler, the greateit Force of compreffion will be equi- 
valent to goclb, and this Force will produce in each of 
thefe bodies an imprefiion equal to ,4; offa fuot ; and 
the duration of the collition, that is, till the bodies ar- 
rive at their greateft compreflion, will be about y3z of 
a fecond. Mr. Euler, in his calculations, fuppofes the 
hardnefs of a body to be proportional to the Force 
or preffure requifite to make a given impreffion on it ; 
fo that the Force by which a given impreffion is made 
ena body, isin a compound ratio of the hardnefs of 
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the body and of the quantity of the imprefficn. But 
he obferves, that regard mutt be had to the magnitude 
of the bodies, as the fame impreflion cannot be made 
on the leaft.bodies as on the greateft, from the defeét 
of {pace threugh which their component particles matt 
be driven: he confiders therefore only the leaft impref-: 
fions, and fuppofes the bodies of fuch magnitudes, that 
with refpeét to them the impreflions may be looked 
upon as nothing, What he fuppofes concerning the 
hardnefs of bodies, neither implies elalticity nor the 
want of it, as elafticity only produces a reftitution of 
figure aud impreflion when the. prefling Force ceafes ; 
but this reftitution need not be here confidered. It 
is alfo\fuppofed, that the bodies which ftrike each 
other, have plane and equal bafes, by which they touch 
each other in the collifion ; fo that the impreffion here- 
by made diminifhes the length of each body. It is 
farther to be obferved, that in Mr: Euler’s calculations, 
bodies are fuppofed fo conftituted, that fier may not 
only receive impreflions from the Forces preffing them, 
but that a greater Force is requifite to make a greater 
impreffion. This excludes ail bodies, fluid or folid, in 
which the fame Force may penetrate farther and farther, 
provided it have time, without ever being in equilibria ~ 
with the refiftance: thus a body may continually pe- 
netrate farther into foft wax, although the force 1m- 
pelling it be not increafed : in thefe, and the like cafes, 
nothing is required but to furmount the firlt obftactes 5 
which being once done, and the connection of party 
broken, the penetrating body always advances, meeting 
with the fame obftacles.as before, and deftroying them 
by an equal Force. But Mr. Euler only confiders the 
firft obftacles which exift before any feparation of parts, 
and which are doubtlefs fuch, that a greater impreffion 
requires a greater Force. Indeed this chiefly takes 
place in elaftic bodies; but it feems likewife to ob- 
tain in all bodies when the impreffions made on them 
are fmall, and the contexture of their parts is not al- 
tered. 

Thefe things being premifed, let the mafs ‘or weight 
of the body A be expreffed in general by A, and let its 
velocity before the fhock be that which it might ac- 
quire es ae from the height a. Farther, let the 
hardnefs of A be expreffed by M, and that of B by N, 
and let the area of the bafe, on which the impreflion 
is made, be ec; then will the greateft compreffion be 


MNee . 
Man x Aa Therefore 


if the hardnefs of the two bodies, and the plane of their 
conta&t during the whole time of their collifion be the 
fame, this Force will be as «Aa, that is, as the {quare ° 
root of the Vis Viva of the ftriking body A, And 
as 4/a is proportional to the velocity of the body A, 
the Force of percuffion will be in a compound ratio of 
the velocity and of the fubduplicate ratio of the mafs 
of the body ftriking ; fo that in this cafe néither the 
Leibnitian nor the Cart: fian propofitions take place. 
But this Force of perculiion depends chiefly on the 
hardnefs of the bodies ; the greater this is, the greater 
will the Force of percuflfion be. If M= N, this 
Force will beas “Mec x Aa, that is, in a compound 
fubdidplicate ratio of the Vis Viva of the ftriking body, 
of the hardnefs, and of the plane of conta@. But if 
38 M, the 
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‘M, the-hdrdnefs of one of the bodies, be infinite, the 
Force of percuffion will be as Nec x Aa; at the 
fame time, if M =N, this Yorce will be as WENec X Aa. 
Therefore, all other things being equal, the Force of 
ercuffian, if the ftriking body be infinitely hard, will 
be to the Force of percuffion when both the bodies are 
equally hard, as 4/2 to 1. 
Mr. Euler farther deduces from his calculation, that 
the impreffion received by the bodies A and B will be 
as follows ; viz, as 








N x Aa Mx Aa foetjvel 
J Wane ™ MOEN x Nee OPOHVEY- 


If therefore the hardnefs of Aj that is M, be infinite, 
it will fuffer no impreffion ; whereas that on B will ex- 


Aa : 
tend to the depth of te No: But if the hardnefs 
of the two bodies be the fame, or M =N, they will 


each receive equal impreffions of the depth ne, Ae - 
oe 


So that the impreffion received by the body B in this 
cafe, will be to the impreffion it receives in the former, 
asi to /2. 

Mr. Euler has likewife confidered and computed the 
aafe where the ftriking body has its anterior furface 
convex, with which it ftrikes an immoveable bod: 
whofe furface is plane. He has alfo examined the 
when both bodies are fuppofed immoveable ; and from 
his formula he deduces the known laws of the collifion 
‘of elaBlic and non-elaftic bodies. He has alfo determin- 
ed the greateft preffures the bodies receive in thefe 
eafes ; and likewife the impreflions made onthem. .In 
eae he fhews, that the impreffions received hy the 

y ftruck, or B, if moveable, is to the impreffion re~ 
ceived by the fame body when immoveable, as ,/B to 
VA+B. 

There are feverat curious as, well as: ufeful obferva- 
tions in Defaguliers’a Experimental Philofophy, con- 
cerning the comparative Forces of men and horles, and 
‘the belt way of applying them, A horfe draws with the 
‘greateft advantage when the line of direction is level 
with his breaft ; in fuch a fituation, he is able to draw 
200lb for 8 hours a day, walking about 24 miles an 
hour. But if the fame horfe be made to draw 24olb, 
he can work osly 6 hours a day, and cannot go quite fo 
faft. On a carriage, indeed, where fri€tion alone is to 
be overcome, a middling harfe will draw rogolb. But 
the beft way to try the Force of a horfe, is te make 

- him draw up out of a well, over a fingle pulley or rofler; 
“and in that cafe, an ordinary horfe will draw about 
‘goolb, as before obferved. 

It is found that 5 men are of equal Force with one 
horfe, and can with equal eafe pufh round the horizon- 
tal beam of a mill, in a walk qo feet wide; whereas 
3 men will do it in a walk only 19 feet wide. 

‘The worft way of applying the Force of a horfe is 
to make him carry or draw up hill: for if the hill-be 
fteep, 3 men will do more than a horfe, each man 
climbing up fafter with a burden of roolb weight, than 
a horfe that is loaded with 3oolb: a difference which 
is owing to the pofition of the parts of the human body 
peing better adapted to climb, than thofe of a horfe. 
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. Qu-the: other -hand, the befl way of applying the - 
‘Force of a horfe, is the horizontal direétion, in which-. 
a man--can’ exert the leait Force: thus, a man that 
weighs rgolh, when drawing a boat along by means of 
a rope coming over his fhoulders, cannot draw above 
27lb, or exert above 1-7th part of the Force of a horfe 
employed to the fame purpofe ; fo that in this way the 
Force of a horfe is equal to that of 7 men. 

‘The beft and mott effeétual pofture in a man, is that 
of rowing ; when he not only aéts with more mufcles . 
at once for overcoming the refiftance, than in any. other 
pofition ; but alfo as he pulls backwards, the weight of | 
his body affifts by way of lever. See Defaguliers’s Exp... 
Philof. vol. 1, p. 24.1, where feveral other obfervations . 
are made relative to Force acquired by certain pofitions 
of the body; from which that author accounts for 
moft feats of flrength and aétivity. See alfo a Memoir 
on this fubject by M. De la Hire, in the Mem, Roy¢ 
Acad. 1729 ; or in Defaguliers’s Exp. &c. p. 267 &c, 
whohas pubhitheda tranflation of part of it with remarks, . 

Force is diftinguifhed into Motive and Accelerative 
or Retardive. 

Motive Force, otherwife called Momentum, or 
Force of Percuflion, is the abfolute Force of a body in 
motion, &c; and is expreffed by the product of the, 
weight or mafs of matter in the body multiplied by the 
velocity with which it moves. But 

Accelerative Force, or Retardive Force, is that - 
which refpects the velocity of the motion..only, acce- - 
lerating or retarding it; and it is denoted by the qua . 
tient of the motive Force divided by the mafs og ~ 
weight of the body. So, 

if _m denote the motive Force, 
and 4 the body, or its weight, 
and f theaccelerating orretarding Force,. 
F m 
then is f as r 

Again, Ferces are: either Conftant or Variable. 

Conflant Forces are fach as remain and a& conti’. 
nually the fame for fome determinate time. Such, for: 
example, isthe Force of gravity, which aéts conftantly, - 
the fame upon a body while # continues at: the fame-- 
diftance from the- centre. of the earth, or from the.- 
centre of Force, wherever that may be. In the cafe of * 
‘a conftant Force F a€ting upon a body 4, for any time. 
t, we have thefe following theorems; putting : 

Jf = the conftant accelerating Force = F -t- ... 
v = the velocity at the end of the time ¢, SS 
$ = the {pace paffed over in that.time, by the: 
conftant action of that Force an the body + 
and g = 16,', feet, the {pace generated by gravity i. 
rfecond, and calling the accelerating Force of granite: 
13 thenis : 





v= agin =f 4gfss 
o 26 s 
‘=f =v 
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Variable Forces are fuch as are continually change. 
: _ ing: 
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ing in their ¢ffe@, and intendity ; fugh ag, the Fotoe of 

~Qravity at different diftances frout, the centre of the 
earth, which decreafes in proportion -ag the fquaré of 
the diftance increafes. In variable Forces, theorems 
fimilar to thofe above may be exhibited by ufing the 
fluxions of quantities, and afterwards taking the flu- 
ents of the giveh fluxional equations. And herein 
confifts one of the great excellencies of the Newtonian 
or modern analyfis, by which we are enabled to ma- 
nage, and compute the effeétsof all’ kinds of variable 
Forces, whether accelerating or retarding. Thus, 
ufing the fame notation as above for conftant forces, 
viz, f the accelerating Force at any inftant, ¢ the time 
a body has been in motion by the action of the variable 
Force, v the velocity generated in that time, s the 
G ace run over in that time, and g = 16,’ feet; 
then 6 . 
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In thefe four theorems, the Force f, thongh va- 
riable, is fuppofed to he conftant for the indeinitely 


fmall times ; and they are to be ufed in all cafes of va- 
niable Forces, as the former ones in conftant Forces { 
viz, from the circumftances of the problem under con- 
fideration, deduce a general expreffion for the value of 
the force f, at any indefinite time ¢; then fubftitute it 
in one of thefe theorems, which fhall be proper to the 
cafe in hand ; and the equation thence refulting will 
determine the correfponding values of the other quanti- 
ties in the problem. 

It is alfo te be obferved, that the foregoing theorems 
equally hold good for the deitru€tion of motion and 
velocity, by means of retarding or refifling Forces, as 
for the generation of the fame by means of accelerating 
Forces. 

Many applications of thefe theorems may be feen in 
my Seleét Exercifes, p. 172 &c. 

There are many other denominations and kinds of 
Forces ; fuch as attraétive, central, centrifugal, &c, &e; 
for which fee the refpective words. 


.FORCER, in Mechanics, is properly a pifton with-" 


out a valve. For, by drawing up fuch a pifton, the 
air is drawn up, and the water follows; then puthing 
the pifton down again, the water, being prevented from 
defcending by the lower valve, isforced up to any height 
above, by means of a fide branch between the two. 

See the ways of making thefe in Defagutliers’s 
Exper. Philof. vol. 2, p. 161 &c. See alfo Clare’s 
Motion of Fluids, p. Go. 

Forcinc Pump, one that ats, or raifes water, bya 
Forcing pifton. See above. 


FORELAND, or Foreness, in Navigation, a 
point of land jutting out into the fea. 
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Forevanp, in Fortificatiog, is a f{mall’ piece of. 
place and the moat 5 
called alfo Berme and Liziere. ; ania 
FORE-STAFF, an inftrument ufed at fea, for 
taking the altitudes of the heavenly’bodies; being fo 
called, becanfe the obferver, in ufing it, turns his face 
forward or towards the obje&, in contradiftingtion to 
the Back-ftaff, with which he turns his back to the 
obje&t. It is alfo called the Crofs-ftaff, becaule it con- 
fifts of feveral pieces fet acrofs a ftaff. 





The Fore-ftaffis formed of a ftraight fquare Ralf AB, 
of about 3 feet long, having each of its four fides gra~ 
duated like a line of tangents, and four croffes, a 
vanes, FF, EE, DD, CC, fliding upon it, of unequal 
lengths, the halves of which reprefent the radii to the 
lincs of tangents on the different fides of the ftaff. The 
firft or fthorteft of thefe vanes, FF, is called the Ten, 
Crofs, or Ten Vane, and belongs to the 10 fcale, or 
that fide of the inftrument on which divifions begin at 
3 degrees, and end at zo. The next longer crofs, EE, 
is called the 30 Crofs, belonging to that fide of the 
ftaff where the divifions begin at 10 degrees, and end at 
30, called the 30 feale. ‘The'third vane DD, is calle 
the Go Crofs, and belongs to that fide where the divi- 
fions gn at.20 degrees, and end at 60. The lait 
or fongeit vane CC, cailed the go Crofs, belongs to the 
fide where the divifions begin at 30 degrees, and end 
at go. ; 

‘The chief ufe of this inftrarnent, is to take the height 
of the fun, and flars, or the diftance between twe 
ftars: and the 10, 30, 60, or 90 Crofs is to be ufed, 
according as the altitude is more or te& ; that is, ifthe 
altitude be lefs than 10 degrees, the 10 Crofs is to be 
ufed; if above 10, but lefsthan 30, the 30 Crofs is to 
be ufed ; and fo on. 

To obferve an Altitude with the Fore-faff. Apply 
the flat end of the ftaif to the eye, and flide one of the 
croffes backwards and forwards upon it, till over the 
upper end of the Crofs be juft feen the centre of the 
Tun or lar, and over the under end the extreme hox- 
zon ; then the degrees and minutes‘cut by the crofs ow 
the fide of the thal peopse to the vane in ufe, gives the’ 
altitude above the horizon. 

In like manner, for the Diflance between tevo lumina 
ries; the Staff being fet to the eye, bring the crofs jult 
to fubtend or cover that diftance, by having the one 
luminary juft at the one end of it, and the other lumi- 
nary at the other end of it; and the degrees ‘and mi- 
nutes, In the diftance, will becut on the proper fide of 
the flaff, as before. oe 

FORMULA, a theorem or general tule, or ex- 
preffion, for refolving certain particular cafes of fone 
problem, &c. So is + jd is a general Formula for 
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the greater of two quantities whofe fum is sand differ- 
ence d; and fs — Jdis the Formula, or general value, 
for the lefs quantity. Alfo dg — 2? is the Formu- 
la, or general value, of the ordinate to a circle, whofe: 
diameter is d, and abfcifs x. 2 

FORT, a little caftle.or fortrefs; or a place of {mall’ 

extent, fortified either by nature or art. 
. The Fort is ufually encompaffed with a moat, ram- 
part; and parapet, tofecure fume high ground, or paf- 
Sage of a river; to make good or ftrengthen an advan- 
tageous poft ; or to fortify the lines and quarters of a 
fiege, : 

Field Fort, otherwife called Fortin, or Fortlet, and 
fometimes Sconce, isa fmail Fort, built in hafte, for the 
defence of a pafe or poft ; but particularly conftrudted 
for the defence of a camp in the time of afiege, where 
the principal quarters are ufually joined, or made to 
communicate with each other, by lines defended by 
fortins and redoubts, Their figure and fize are va- 
rious, according to the nature of the fituation, and the 
importance of the fervice for which they are intended ; 
but they are moft commonly made {quare, each fide 
about 100 toifes, the perpendicular 10, and the faces 
25% the ditch about this Fort may ke 10 or 12 toifes 
wide ; the parapet is made of turf, and fraifed, and the 
ditch: pallifadoed when dry. There may be made a co- 
vert-way about this Fort, or elfe a row of pallifades 
might be placed on the outtide of the ditch. Some of 

are fortified with baftions, and fome with demi- 
baftions. A Fort differs from a citadel, as this laft 
is‘ereCted to command and guard fome town; and from 
aredoubt, as it is clofed on all fides, while the redoubt 
is open on one fide. 

Royal Fort, is one whofe line of defence is at leaft 
26 fathoms long. 

Star Fort, 3s a fconce or redoubt, conttituted by re- 
entering and faliant angles, having commonly from five 
toeight points, and the fides flanking each other. 

Forts are fometimes made triangular, only with half 
battions ; or of various other figures, regular or irregu- 
lar, and fometimes in the form ofa femicircle, efpecially 
when they are fituated near a river, or the fea, as at the 
entrance of a harbour, for the convenience of firing at 
fhips quite'atound them on that fide. In the conitruc- 
tion of all Forts, it fhould be remembered, that the 
figure of fewelt fides and baitions, that can probably 
anfwer the propofed defence, is always to’ be preferred ; 
as works on fuch a plan are fooner executed, and with 
lefs expence; befides, fewer troops will ferve, and 
they are more readily brought together in cafe of necef- 
lity. 

oa eick raw: calied alfo Military ArchiteGture, 
is the att of fortifying or ftrengthening a town or other 

lace, by making certain works around it, to fecure it 
and defend it from the attacks of enemies. 

Fortification has been undoubtedly practifed by all 
nations, and in all ages; being at firlt doubtlefs very 
rade and fimple, and varying in its nature and manner, 
according to the mode of attack, and the weapons 
made ufe of. Thus, when villagcs and towns were 
firft formed, it was found neceffary, for the common 
fafety, to encompafs them with walls and ditches, to 
prevent all violence and fudden furprifes from their 
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neighbours. Whitn offeofiveand miflive weapons came 
oe ufed, waffS were made as a defertte againft the 
affailants, and look holes or loop holes made through 
the walls to annoy the enemy, by fhooting arrows &c 
throughthem. But finding that as foon as the enemy 
got clofe to the walls, they could no longer be feen 
nor annoyed by the beheged, thefe added fquare towers 
along the wall, at proper diftances from each other, fo 
that all the intervening parts of the wall might be feen 
and defended from the adjacent fides of the towers, 
However, this manaer of inclofing towns was found 
to be rather imperfeé&t, becaufe there remained ftill the 
outer face of the towers which fronted the field, that 
could not be feen and defended from any other part. 
To remedy this imperfeGtion, they next made the 
towers round inftead of {quare, as feeming better 
adapted both for ftrength to refift the battering engines, 
and for being defended from the other parts of the 
wall. Neverthelefs, a {mall part of thefe towers {till 
remained unfeen, and incapable of being defended, for 
which reafon they were again changed for fquare ones, 
as before, but with this difference, that now they pre- 
fented an angle of the {quare outwards to the field, in- 
ftead of a face or fide ; and thus fuch a difpofition of the 
works was obtained, as that no part could be ap-. 
proached by the enemy without being feen and at- 
tacked. 

Since the ufe of gun-powder, it has been found ne- 
ceffary to add thick ramparts of earth to the walls, 
and the towers have been enlarged into baftions, as well 
as many other things added, that have given a new ap-- 

arance to the whole art of defence, and the name of* 

ortification, on account of the itrength afforded by i 
which was about the year 1500, whea the round. 
towers were changed into baftions. ns 

But notwithitanding all the improvements made in 
this art fince the invention of gun-powder, that of at- 
tacking is itill {uperior to it: the fuperiority of the be- 
fieger.’ fire, together with the greater number of med, 
fooner or later compels the befieged to fubmit. A {pe 
cial advantage was added to the art of attacking by M. 
Vauban, at the diege of Ath, in the year 1697, vids 
in the ufe of ricechet firing, or at a low elevation of 
the gun, by which the fhot was made to run and rofl 
a great way along the infide of the works, to the great’ 
annoyance of the befieged. . 

‘The chief authors who have treated of Fortification, 
fince it has been contidered as a particular art, are the, 
following, and moftly in the order of time: viz, i. 
Treille, Alghif, Marchi, Pafino, Ramelli, Catageos’ 
and Speckle, who, as Mr. Robins fays, was ofie of 
the greateit geniufes that has applied to this art: her 
was archite¢t to the city of Strafburgh, and died in the 
year 1589: he publithed a treatife on Fortification ia: 
the German language, which was reprinted at Leipf¢: 
in 1736. Afterwards, Errard, who was engineer 1 
Henry the Great of France ; Stevinus, engineer to the 
prince of Orange; with Marolois, the chevalier dt 
Ville, Lorini, Cochora, the count de Pagan, and thid 
marfhal de Vauban; which laft two noble authdn: 
have contributed greatly to the perfection of the artgi 
befides Scheiter, Mallet, Belidor, Blondel, Mullgry:: 
Montalambert, &e. Alfo a lift of feveral works gg; 
the art of Fortification may be added, as poles at 
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Melder’s Praxis Fortificatoria:,Les Fortifications gu 
Comte de Ragen.: L’Ingénieur Parfait. du. Sieur. de 
Vale: Sturmy’s Archite€tura Militaris Hypothetical. : 
Blondel’s Nouvelle Maniere.de Fortifier les Places: 
The Abbé de Fay’s Vesitable Maniere de. Bien. Forti- 
fier: Vauban’s Ingénieur Frangois: Cochorn’s. Nou- 
velle Fortification tant pour un Terrain. bas & humide, 
gue fee & elevé: Alexander de Gratte’s Fortification : 

onatus Rofelli’s Fortification: Medrano’s Ingénieur 
Francois: The chevalier de St. Julien’s Architecture 
Militaire : Lanfberg’s Nouvelle Maniere de Fortifier les 
Places: An anonymous treatife in'rench, called Nou- 
velle Maniere de Fortifier les Places, tirée des Methodes 
du chevalier de Ville, &c: Ozanam’s Traité de Forti- 
fication: Memoires de ’Artillerie de Surirey de St. 
Remy: Muller’s treaties of Elementary and’ Praétical 
Fortification: and Montalambert’s Fortification Per- 
pendiculaire. 

Maxims in Forriticatios. From the nature and 
circumftances of this: art, certain general rules, or 
maxims, have been drawn, and laid down. Thefe may 
indeed be multiplied to any extent, but the principal: of 
them, are the following: viz, 

1. That the manner of fortifying fliould be accom- 

modated to that of attacking. So that no one manner 
ean be affuted always to hold, unlefs it be affured that the 
manner of befieging is incapable of being altered. Atfo, 
to judge of the perfection ofa Fortification, tle method 
of befieging at thetime when it was built muft be con- 
fidered,. 
- 2. Ali the parts of a Fortification fhould be equally 
fircng on all fides, where there is equal danger; and 
tliey thould be able to refift the moft' powerful’ ma- 
chines ufed in befieging. 

3. A Fortification fhould be fo. contrived, as to be 
defended with the fewef men poflible : which con- 
fideration, when well attendéed:to, faves:a great deal’ of 
expeace. 

4. That the defendants may- be im the better condi- 
tion, they muft not be expofed to the enemies? artil- 
lery; but the aggreffars muit. be expofed to theirs. 
Hence, 

5. Allthe parts of a Fortification fhould ‘be: fo dif- 
poled, as that they may defend each other. In order 
to. this, every part ought to be flanked, i. e. feen fide- 


ways, capable of being {cen and defended fiom. fone’ 







other part; fo t 





t there be no place where an enemy 
‘ean lodge him: ither unfeen, or under fhelter. 

6. All the campaign around muft lie open.to the de~ 
fendants ; fo that no hill or eminence muit be allowed, 
behind which theenemy.migit fhelter himfelf from the 
gens of the Fortification ; or from which he might an- 
noy them with his own. Hence, the. fortrefs is to 
command all the place round about; and cosfequently. 
the catworks muit.all be lower than.the body:of the 

lace. 
. 7. No line of defence muft execed the point-blank 
mufket-thot, whichis from 120 to 150 fathoms.” 

8. The more acute. theangle at the ceatre, theftronger 
is the place 5. as confifting of the more fides, and con- 
fequently more defenfible. 

9. All the defences fhould be-as nearly direGt as pof- 
SGible. 

10. The works that are mot remote from the.centre. 
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of the place, ought always to be open to thole that’tre 
more. near. * cae 

Thefe are the general laws and views of Fortifica~ 
tion. As to the particular ones, or fuch as refpe@ the. 
feveral members or parts of the work, they are given 
under thofe articles refpedtively. 

Fortification is either theoretical or pratical. 

Theoretical Forti¥ication, confifts in tracing the 
plans and profiles of a work on paper, with feales and 
compaffes ;. and in examining the fyftems propofed by 
different authors, to difcover their advantages and de- 
fe&s. And 5 

PraGical Fortirication, confifts in forming a pro-- 
ject of a work according to the nature of the ground,. 
and other neceffary circumftances, tracing it on the 
ground, and executing. the. project, together with all’ 
the military buildings, fuch as magazines, ftorehoufes, 
bridges, &c. 

Again, Fortification is either Defenfive. or Offens 
five. . ; 

Defenfive Forrirication. is the art. of defending 
a.town that: is befieged, with all the advantages the. 
Fortification of it wilkadmit.. And 

Ofenfive FortiFication.is the fame with the attack: 
of aplace, being the art. of making and conduéting all 
the different works in a fiege, inorder to gain poffeffion 
of the place. 

Fortirication is alfo ufed for the-place fortified 5 
or the feveral works raifed to defend and flank it, and 
keep off the enemy, 

All Fortifications confit of lines and angles, which. 
have names according to their various: offices. The 
principal ‘lines are thofe of circumvallation, of contra- 
vailation, of the capital, &c. The principal angles are 
thofe of the centre, the flanking angle, flanked angle,. 
angle.of the epaule, &c. 

Fortifications are either durable or temporary. - 

Durable Foxtiricatson, is that which is built 
and intended to remain a long time. Such are the-ufual 
Fortifications of cities, frontier places,.&c. Anda 

Temporary Fortte1cation, ts that which is erected 
on'fome emergent occafiou, aad only for a fhort.time. 
Such are field-works, thrown. up for the. feizing and 
maintaining a poit, or paffage ; thofe about camps, or 
iu fieges ; as circumvallations, contravallations, redoubts, . 
trenches, batteries, &c. 

Again, Fortifications are either regular or irregu- 
lar. 

Regular Foutrrication, is that in which the baf-- 
tions are all equal ; or which is built in a regular poly-- 
gon, the fides and angles of which are ufually: about a: 
matket fhot from each other. A Regular Fortification, 
haviag the parts all equal, has the advantage of being - 
equally defenfible; fo that there are no weak places. . 
And an 

frregular Fortification, is. that in. which the 
baftions are unequal, and unlike; or the fides.and an- 
gies not all equal, and equidiftant. 

In an Irregular Fortitieation, the defence: and‘ 
ftrength being uaequal, it is neceffary to réduce the ir- 
regular fhape of the ground, as near as maybe, toa re- 
gular figure : i, e. by infcribing it in an oval, inftead of 
acircle; fo that one half may be fimilar and equal to 
the other half. . 
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Marine¥ortiFicatton, is fometimes ufed for the’art 
of railing works on the fea coaft &c, to defend harbours 
againft the attacks of fhipping. Seea neat treatife 
on Marine Fortification, at the end of Robertfon’s 
Elements of Navigation, 

There are many modes of Fortification that have 
been much efteemed and ufed; a {mall {pecirhen of a 
comparative view of the principal of thefe, is repre- 
fented in plate x, viz, thofe of Count Pagan, and 
Meff, Vauban, Coehorn, Belidor, and . Blondel ;.the 
explanation of which is as follows : 


1..Pagan’s Syflem. 


A Half Baftions. 

B Ravelin and Counterguard. 

C Counterguards before the baftions. 
D The Ditch. 

E The Glacis. 

G The place of Arms. 

_H Retired Planks. 

a Line of Defenec. 


.2.. Vauban’s Syfleri. ‘ 


Angle of the Baftion, or F lanked angle. 
Angle of the Shoulder. 

Angle of the Flank, 

Saliant Angle. 

Face of the baftion. 

The Flank. 

The Curtain, 

Tenailles.- 

Traverfes in the covert way. 


3+ Coehorn’s Syffem. 


Concave Flanks, 

‘The Curtains. 

Redoubts in the re-entering angles. 

Traverfes, 

Stone lodgments. 

Round Flanks. 

Redoubt. 

Coffers planked on the -fides, and above .co- 
vered overhead with a foot of earth. 


4 Belidor’s Syflem. 
J Cavaliers. 
‘K Rams-horns, or Tenailles. 
L Retrenchments within the detached baftions. 
M Circular Curtain. 
N The Ravelin. oe Le 
P IJ.unettes with retired batteries. 
Redoubt. 
R Detached Redoubt. 
S& An A-row. 
P Srhau Traverfes. 


_ §» Blondel’s Syflem. 
I Retired Battery. 


.m Lunettes. 
wn Ravelin, with Retired Baftion. 
eo Orillons. ‘ 
Another, or new method of Fortification has lately 
‘been propofed by M. Montalambert, called Fortifica-° 
tion Perpendiculaire, becaufe the faces of the works are 
; ; 7 
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_menfions which cannot be. reprefented in 


FOB 
wiadt by a feries of lines running zigzag perpendietiit 
to one another? - 4 Oia ie a ose 
. Profile of a Fortseres ios; is: reprefentation of a 
vertical feGion of a works ferving to fhew thofe di- 
Jans, and 
are neceflary in the building of a Fortification. The 
names and dimenfions of the principal parts are as fol. 
low (fee fig. 8, pl. vii), where the numbers or dimenfiong 
are.all expreffed in-feet. 


AB The level of the ground plane, 


AC = 27, 

‘SD = 18, and CW = 16}; aio DN is paral. 
to AB. : 

IDE =:30, : 

EF = 2,FG=3,GH=3, HI=41,IL=1}, 

LK = 18, KM = 2}, NP = 36, NO=5, 
PR=7, ; 

“RS -= 1, ST = 12 or 18, OV = 9, Pa = 120, 

ms = 3, nu = 3, mc = 30, cd = 2, 


de =3,e=3, f= 4h, rg = 120, 5 = 1 

AW thotatLiior 3A or flope of t the rampart, 

WE, or DE theterre-plein of ditto, 

FG the talus, and GH the upper part, ‘of the ban- 
quette, . d 

SAL the interior fide.of the parapet, ‘ 

LM the upper part of ditto, 

N_ thecordon of 1 foot radius, 

NP the depth, and Pa the breadth of the ditcly, 


- OQ interior fide of revetement, 
NR the fcarp or exterior fide of ditto, 
-ST the depth of the foundation, 
YZ revetement of the parapet, Fe 
nu the counterfcarp, 
ame the covert-way, 
ce’ talus of the banquette, 
ef _ the upper part of ditto, 
fb parapet of the covert-way, 
dg the glacis. 


‘Other feétions are at fig. 2, pl. 12. 

Fortiriep Place, a Fortrefs, or Fortification, i. 6 
a place well flanked, and fheltered with works. 

Fortin, orFortlet, a diminitive of the word Fort, 
meaning a little fort, or fconce, called alfo Field Fort. 

Star Fortin, is that whofe fides flan keach other, & 

FORTRESS, the fame as Fort, or a Fortification. 

FOSTER (Samvet), aa Englith mathematician, 


‘and aftronomy profeffor of Gretham-college, was bora 


in Northamptonfhire, and admitted a Sizer at Emanvel-. 
college Cambridge in 1616. He took the degree of 
‘bachelor of arts in 1619, and. of mafter in 1623. He 
applied early to the mathematics, and attained a great 
proficiency in it, of which he gave the firft {pecimen in 
1624, ina treatife on The Ufe of the Quadrant. . 
On the death of Mr. Gellibrand, he was chofen to 
fucceed him, in 1636, as _aftronomy profeffor in Grex 
fham-college, London. He quitted it again however 
the fame year, though for what reafon does not apt © 
pear, and was fucceeded by Mr. Mungo Murray, . 
feffor of philofophy et St. Andrews in Scotland, Ba 
this gentleman marrying, the profefforthip again be 
came vacant, and Mr. Fofter was re-eleted in 1641. | 
Mr. Fofter was one of thofe genflemen who held pri - 
vate meetings for cultivating philofophy and ufeful 
: knowledge, + 
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knowledge; which afterwards gave rifé te the Royal 
Society. In 1646, Dr, Wallis, who was one of thofe 
affociating gentlemen, received from Mr. Fofter a theo- 
vem de triangulo fpherico, which he publifhed in his 
Mechanics. Neither was it only in this branch of 
feience that he excelled, but he was likewife well verfed 
in the ancient languages ; as appears from his revifing 
and corre&ting-the Lemmata of Archimedes, which had 
been tranflated into Latin from an Arabic manufcript 
by Mr. John Greaves. He made alfo feveral curious 
obfervations upon eclipfes of the fan -and moon, in va- 
rious places ; and was particularly noted for inventing, 
as well as improving, aitronomical and other mathema- 
tical inftruments. 
health, he died at Grefham-college in 1652. 

His printed works are as follow ; of which the fir 
two articles were publifhed before his. death, and the 
reft of them after it. 

u. The. Defeription and Ufe of .a Jmall Portable Qua- 
drant, for the eafy Jinding the hour of Azimuth; 4to, 
1624. Originally publithed at the end of Gunter's 
Defcription of the Crofs-Staffe, as an appendix to it. 

2. The Art of Dialling ;: 4to, 1638. Reprinted, 
with additions, in 1675. 

3+ Pofhuma Foftert ; by Wingate; 4to, 1652:°. 

4. Four Toate of Dialling 3 4to, 1654. 

5. Mifcellanies, or Mathematical Lucubrations. Pub- 


lithed by John Twyfden, with additions of his own ;- 


and an appendix by Leybourne; folio, 1659. 

6. The Sxfor altered, and other Scales added, (Sc: 
Publifhed by Leybourne in 1661, in 4to. 

There have been two other perfons of the fame 
name, who have publithed fome mathematical pieces. 
The firft was, 

Witiuiam FOSTER; who was a difciple of Mr. 
Oughtred, and afterward a teacher of the Mathematics 
in Tondon. He ditinguifhed himfelf by a book, 
which he dedicated to. Sir Kenelm Digby, entitled, 
The Circles of Proportion, and the Horizontal Inftru- 
ment, &c 3 4t0, 1633.—The other was 

Marx FOSTER, who lived later in-point of time 
than either of the other two, and publifhed a treatife 


entitled, Arithmetical Trigonometry : being the Solution of ° 


all the ufual Cafes in Plain Trigonometry by Common 
Arithmetic, without any tables whatfoever. t2mo, 1690. 

FOUNDATION, that part of a building which is 
underground : or the mafs which fupports a building, 
and upon which it flands: or tt is the coffer or bed 
dug below the level of the ground, to raife a building 
upon, 

FOUNTAIN, in Philofophy, a {pring or fource af 
water rifing out of the Ground. See Sprinc. 

Fountain, or Artificial Fountain, in Hydraulics, 
a machive or contrivance by which water is violently 
fpouted or darted up ; calledalfo a Jet d’eau. 

There are various kinds of Artificial Fountains, but 
all formed by a preffure of one fort or another upon the 
water &c, viz, either the preffure or weight of a head 
of water, or the preffure ariling from the {pring and 
elafticity of the air, &c. When thefe are formed by 
the preffure of a head of water, or any other fluid of the 
fame kind with the Fountain, or jet, then will this 
{pout up nearly to the fame height as that head, abating 
ovly a little for ¢he reliftance of the air, with that of 
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the adjutage &c, in the fluid’s rufhing through but, 
when the Fountain is produced by any cther force than 
the preffure of a column of the fame fluid with itfelf, it 
will rife to fuch a height as-may be nearly equal to the 
altitude of a column of the fame fluid whofe preffure is- 
equal to the given force that produces the fountain. 

To Confiru& an Artificial Fountain, playing by the 
preffure of the water. This is to be effeGed by making 
aclofe conneGtion between a head or elevated piece of 
water, and the lower placc, where the Fountain is to 
play ; which may be done in this manner; Having « 
head of water, naturally, or, for want of fuch, make 
anartificial one, raifing the water by pumps, or othe: 
machinery ; from this head convey the water in clofe 
pipes, in any direction, down to the place where the 
Fountain is to play 5 and there let it iffue through an ad- 
jutage, or {mall hole, turned upwards, by which means 
it will {pout up nearly as high.as the head of the water - 
cames from,.as above mentioned. 

To Confirua an Artificial Fountain, playing by the 
pring or elafticity of the airs’ A veltel proper for a res 

ervoir, as AB, fig. 4, plate viii, is provided either of 
metal, or glafs, or the hke, ending ia a {mall neck c, 
at the top: through this neck is put a tube cd, till the 
lower end come near-the bottom of the. veflel, this being 
about hialf full of water. The neck is fo contrived, as 
that a fyriage, or condenfing pipe, may be ferewed upon 
the tube ; by means of which a large quantity of air 
may be-intruded through the tube into the water, out 
of which it will difengage itfelf, and emerge into the 
vacant part of the veflel, and lie over the furface of the 
water CD. : 

Now, the water in the veilel being thus: preffed . 
by the air, which is, for ex. double the denfity of the 
external air ; and the elaftic force of air being propor- 
tional toits denfity, or to its gravitating force, the ef-. 
feét will be the fame, asif the weight of the column 
of air, over the furface of the water, were double that 
of the column preffing in the tube; fo that the water 
mutt be forced to {pout up through, when the fyringe 
is removed, with a force equal to the excefs of preffure 
of the included air, above that of the external, that is, in 
this inftance, with a force equal to the preflure of an 
entire column of the atmofphere; which being equal 
to the prefure of a column of 33 or 34 fect of water, it 
follows that the Fountain will play to nearly 33 or 34 
feet high. 

Thefe aereal or aquatic Fountains may be applied in 
different ways, fo as to exhibit various appearances ; 
and from thefe alone arifes the greaceft part of our arti- 
ficial water-works: even the engine for extinguifhing 
fire, is a Fountain playing by the foree of confined 
air. 

A Fountain fpouting the water in various direfions. 
Suappofe AB the vertical cube, or fpout, in which the wa- 
ter rifes, (fig. 5, pl. viii): into this let feveral other tubes 
be fitted ; fome horizontal, others oblique, or inclining, 
orreclining, &e, as at F, H, L, N, P, &c.. Then, 
as all water retains the direétion of the aperture through 
which it comes, that iffving through A will rife per- 
pendicularly ; and the reft will tend .different ways, 
defcribing arches of different magnitudes. 

Or thus: Suppofe the vertical tube AB (fig. 6) 
through which the water rifes, to be hopped at the 
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top, as in A; and, inftead of pipes or cécks, let it be 
only perforated with little holes all around or only half 
round its furface : then will the water fpin out, in all di« 
reGtions, through. the little holes, to different dif- 
tances. | . ; 

And hence, if the tube AB be about the height of 2 
man, and having a turn-cock at C ; upon opening this 
tock, the fpetators will be fprinkled unexpectedly 
-with a fhower. 

Foun rain playing by drawing the breath. Suppofe AB 
{fig: 8, plate vi), a globe of glafs, or metal, in which 
is fitted a tube CD, having a {mall orifice in C, and 
reaching almoft to D, the bottom of the globe. Then 
if the air be fucked, or drawn with the mouth, out of 
the tube CD, and the orifice C be immediately. ims 

. merged under cold water, the water will afcend through 
the tube into the fphere, Thus proceeding, by re- 
peated exfudtions, ull the veflel be above half full. of 
water ; then applying the mouth to C, and blowing 
ai into the tube, upon removing the mouth, the water 
will fpout forth. 

Or, if the globe be put into hot water, the air 
being thus rarciied, will make the water fpout as be- 
forces : . 

and this kind of Fountain is called Pila Heronis, or 
Hero’s Ball, from the name of its inventor. 

Founratn, whofe fiream raifes and plexs a brafs bail» 
Provide a hollow Me ball yarns Z pl. ager 
very thin, that its weight may not be too get for the 
force of the water; and let the tube BC, through 
which the water rifes, be exactly perpendicular to the 
horizon. Then the ball, being laid in the bottom of the 
cup or bafon B, will be taken up in the ftream, and 
fuftained at a confiderable height, playing a little up 

‘and down. 


Fountain which fpouts water in form of a fhower. 
To the tube in which ie water is ehh Ghee 
ei, or lenticular head AB (fig. 1, pl. xi) made-of a 
plate of metal, and perforated at the top with a great 
number of little holes. The water rifing violently to- 
wards AB, will be there divided into innumerable little 
threads, and afterwards broken, and difperfed into the 
finelt drops. : ; 

Fountain which fpreads the water in form ¥ a table- 
cloth. To the. tube AB (fig. 2, pl. xi} folder two 
Afpherical fegments, C and D, almoit touching each 
other, with a {crew E, to contract or amplify the in- 
terilice or chink, at pleafure. Some choofe to make a 

fmooth and even cleft, ina fpherical or lenticular head, 
fitted upon the tube. The water {pouting through this 
chink or cleft will expand itfelf like a cloth,—And thus, 
the fountain may be made to fpout out in the figure of 
‘men, or other animals, oe . 
Fountain, which, when it has done fpouting, may be 
turned like an hour-glafs. Provide two glaffes, A and 
B, ‘(fig. 3, pl. xi) to be fo much the larger as the foun- 
taln is to play the longer, and placed at fo much the 
greater diflance from each other as the water is defired 
to fpout the higher. Let CDE_be a crooked tube, 
furnifhed in E with a jet 5 and GHI another bent tube, 
~furnifhed with a jet in I: GF and KL are to be other 
leffer tubea, open at both ends, and reaching near the 

/ 3 
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hbottoin of the veffels A’ and B, to which the tubes CD 
and GH are likewife to reach. - . 
Now if the veflel A be filled with water, it will 
defcead through the tube CD; and it will fpout up 
through the-jet E, by the preffure of the column of 
waterCD. But unlefs the pipe GF were open at G, 
to let the airrun up to F, and prefs at the top of the 


- furface of the water in the cavity A, the Water could not - 


run down and fpout at E. After its fall again, it will 
fink through the little tube KL, into the veffel B, and 
expel the air through the tube GI. At lengtk, whea 
all the water is-emptied out of the veffel A, by turning 
the machine upfide down, the veffel B will be the refer- ~ 
yoir, and make the water fpout up through the jet I, 
the pipe KL fupplying B with air to let the water de- 
{cend in the direétion GHI. . 

Hence, if the veffels A and B contain juft as mach wa- 
ter ag will be fpouted up in an hour’s time, we fhall 
have a {pouting clipfydra, or water-clock ; which may 
be graduated or divided into quarters, minutes, &c. 

Founratn of Command. "This depends on the fame 
principles with thofe of the former: CAE (fig. 4, ph 
xf) is a veffel of water fecured againft the entrance of 
the air, except through the pipe GF, when the cock 
C, by which itis filled, is fhut. - There is another pipe 
EDHB, going from the bottom of the water to the 
it B in the baion DB ; but this is topped by the cock 

. At the loweft part of the bafon DB, there is a 
{mall hole at I, to let the water of the bafon DB run 
into the bafon GH under it ; there is alfo a {mall tri- 
angular hole or notch, in the bottom of the pipe FG, 
at G. Turn the cock H, and the fountain will play 
for fome time, then ftop, then play again alterndtely 
for fevcral times together. When thofe times of play- 
ing and J are known before hand, you may 
command the Fountain to play cr ftop; whence its 
name. The caufe of this phenomenon is as follows: 
the water coming down the pipe EDHB, would not 
come out at B, if the dir Ss, above the water, were 


. not firpplied as it dilated: now it is fupplied by the pipe 


GF, which takes it in at the notch G, and delivers 
it out at F; but after fome time the water, which was 
fpouted out at B, falling dowrr into the bafon DB, 
wifes high enough to come above the notch G, which 
‘flops the paffage of the air; fo that the air Ss, above 
the water in the veffel CAE, waneing a fupply, cannot 
fufficiently prefs, and the Fountain ceales playing: 
But when the’water of DB has run down into the lower 
bafon GH, through the hole I, till it falls below the 
.top of the notch G, the air runs up into the upper re- 
ceptacle, and fupplies that at Ss, and the Fountain 
playsagain. This is feen a little before hand, by a {lin 
of water on the notch G, before the air finds a paflage, 
and then you maycommand the Fountain to play. “It 
is evident that the hole I_ mutt be lefs than the hole of 
the jet, or elfe all the water would run out into the’ 
lower bafon, without rifing high enough to ftop the 
hotch G. - 

Founram that begins to play upon the lighting o 
candles, and craf:s as they go ae Op vide two ead 
cal veffels, AB and CD, (fig. 7, pl. xi.) conneét them 
by. tubes, open at both ends, KL BE, é&c, fo that | 
the air may defcend out of the higher into the lower: 

- 7 te 
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to the tubes folder candlefticks, H, &c, and to the hol- 
low cover of the lower veffel CE, fit a little tube or 
jet, FG, furnithed with a cock G, and reaching almoft 
to the bottom of the veffel. In G let there be an aper- 
ture, furnifhed with a ferew, by which water may be 
poured into CD. Then, upon lighting the candles H, 
&e, the air in the contiguous tubes becoming ratefied 
by the heat, the water will begin to fpout threugh GF. 
By. the fame contrivance may a ftatue be made to 
fhed tears upon the prefence of the fun, or on the light- 
ing of a candle, &c: all that is here required, being 
only te lay tubes from the cavity where the air is rare- 
fied, to fome other cavities placed near the eyes, full of 
water. A 
A Founratn by the Rarefadlion of the air, may be 
made in the following manner: Let AB and CD, fig. 
5, pl. xi, be two pipes fixed to a brafs head C, made 
to ferew into a glafs veffel E, which having a little 
water in it, is inverted till the pipes are ferewed on; 
then reverting it fuddenly, fo as to put A, the lower 
end of the fpouting pipe AB, into a jar of water A, 
and the lower end of the defcending pipe CD, into a 
receiving veflel D, the water will {pout.up from the 
Jar A into the tall glafs veffel E, from which it wilt go 
down at the mouth C, through CD, into the veffel D, 
till the water is wholly emptied out-of A, making a 
Fountain in E, into D. The reafon of the play of the 
Fountain is this: the pipe CD, being.2 feet 9 inches 
loag, lets down a column of water, which rarefies the 
air 1-12th part in the veffel E, where it ey againit 
the water {pouting at B with 1-12th’of the force by 
which the water'is pufhed up at the hole A, by the 
preflure of the common air on the water in the veilel 
A; fo that the water {pouts up into E, when the air 
is rarefied 1-1 2th, with the'difference of the preffure of 
the atmofphere, and the forementioned rarefied air 5 
i, e. of 33 to 24, or of t2 tot, This would raife the 
water 2 feet g inches ; but the length of the pipe A, 
of g inches, being’ deduéted, the jet. will only rife 2 
feet. This, fays Defaguliers, may he ealled a fyphon 
Fountain, where AB is the driving leg, and CD the if- 
fuing leg. an ce 
*. Fountain of Hera of Alexandria, fo called, becaufe 
it was contrived by him, In the fecond Fountain 
above defcribed, the air is comprefled by a fyringe ; in 
this, (fee tig. 6, pl. xi) the air, being only compreffed 
by the concealed fall of water, makes a jet, which, after 
forme continuance, ts confidered by the ignorant as a 
perpetual motion ; becaufe they imagine that the fame 
water which fell from the jet rifes again. The boxes 
CE and DYX, being clofe, we fee only the bafon 
ABW, with a hole at W, into which the water fpout- 
ing at B falls; but that water does not come up again ; 
for it runs down through the pipe WX into the box 
DYX, from whence:it drives out the air, through the 
afcending pipe YZ, into the cavity of the box CE, 
where, prefling upon the water that is in it, it forces it 
out through the {pouting pipe OB, as long as there is 
any water in CE ; fo that this whole play is only whilit 
the water contained in CE, having {pouted out, falls 
down through the pipe WX, or or the boxes CE and 
DY above one another: the height of the water, 
‘meafured from the bafon ABW to the furface of the 
water in the lower box D¥X, is always equal to the 
Vou. L 
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height meafured from the top of the jet to she furface: 
of the water in the middle cavity at CE. Now, fince 
the furface CE is always falling, and the water in DY - 
always rifing, the height of the jet muft continually des 
creafe, till it is fhorter by the depth of the cavity CE, 
which is emptying, added to the depth of the cavity 
DY, which is always filling ; and when the jet is fallen 
fo low, it immediately ceafes. The air is reprefented 
by the points in this figure. 

To prepare this Fountain for playing, which fhould 
be done unobferved, pour in water at W, till the cavity 
DXY is filled; then invert the Fountain, and the 
water will run from the cavity DXY into the cavity 
CE, which may be known to be full, when the water 
runs out at B held down. Set the Fountain up again, 
and, to make it play, pour in about a pint of water into 
the bafon ABW ; and as foon as it has filled the pipe 
WX it will begin to play, and continue as long as there 
is any water in CE. You may then pour back the 
water left in the bafon ABW, into any veffel, and in- 
vert the Fountain, which, being fet upright again, will 
be made to play, by putting back the water poured 
out into ABW ; and fo on as often as you pleafe. 

Spouting Fountain, or Jet d’Eau, is any Fountain 
whofe water is darted forth impetuoufly through jets; 
or ajutages, and returns in form of rains, nets, folds, or 
the like. . 

Foun rain-Pen, is a pen contrived to contain a quan- 
tity of ink, and let it flow very gently, fo as to fupply 
the writer a long time without the neceffity of taking 
frefh ink, 

The Fountain-pen, reprefented fig. 8, pl. xi, confifts 
of divers pieces of metal, F, G, H, the middle piece F 
carrying the pen, which is {crewed into the infide of a 
little pipe s and this again is foldered into another 
pibe of the fame fize as the lid G; in which lid is 
foldered a male ferew, for {crewing on the cover 5 as 
alfo for ftopping a little hole at the place, and hinder- 
ing the ink from pafling through it: at the other end 
of the piece F is a little pipe, on the outfide of which 
may be fcrewed the top cover H. A porte-craion 
goes in the cover, to be eek into the laft mentioned 
pipe, to ftop the end of the pipe into which the ink 
is to be poured by a funnel. . 

To ufe the Pen, the cover G muft be taken off, 
and the pen a little fhaken, to make the ink run more 
freely. 

FOURTH, in Mufic, one of the harmonic intervals, 
or concords. It confilts in the mixture of two founds, 
which are in the ratio of 4 to 3; ise. of two founde 
produced by chords, whofe lengths are to each other 
a8 4 to 3. 

FRACTION, or Broken Number, in Arithmetic 
and Algebra, is a part, or fome parts, of another num- 
ber or quantity. confidered as a whole, but divided into 
acertain number of parts; as 3-4ths, which denotes 3 
parts out of 4, of any quantity. 

TVraétions are ufually divided into Vulgar, Decimal, 
Duodecimal, and Sexagefimal. For the laft three forts, 
fee the refpective words. 

Vulgar Fracrions, called alfo fimple Fradions, are 
ufually denoted by two numbers, the one fet under the 
other, with a {mall line between them: thus 4 denotes 
the Fraétion three-fourths, or 3 parts out of 4, of fome 

ae - whole 
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whole quantity confidered as divided into 4 equal 
rts. 

The lower number 4; is called the Denominator of 
the Fraction, fhewing into how many parts the whole 
or integer is divided ; and the upper number 3, is called 
the Numerator, and thews how many of thofe equal 
parts are contained in the Fraction. Hence it follows, 
that as the numerator is to the denominator, fo is the 
Fraétion itfelf, to the whole of which it is a Fraétion 
ér as the denominator is to the numerator, fo is the 


whole or integer, to the Fraétion: thus, the integer * 


being denoted by 1, as 4:3 :: 1: % the Fradtion— 
And hence there may be innumerable Fractions all of 
the fame value, as there may be innumerable quantities 
all in the fame ratio, viz, of 4 to 3; fuch as 8 to 6, or 
120.9, &c. So that if the two terms of any Fraction 
i. e. the nutherator and denominator, be either both 
multiplied or both divided by any number, the refulting 
Fraétion will ftill be of the fame value: thus, } or § or 
qf2 or ¢% &c, are all of the fame value with each other. 

Fraétional expreffions are ufoally diitinguithed into 
Proper and Improper, Simple and Compound, and 
Mixt Numbers. 

A Proper Fraction, is that whofe numerator is lefs 
than the denominator ; and confequently the Fraction 
is lefs than the whole or integer; as 3. 

Improper Fracrton, is when the numerator is either 
equal to, or greater than, the denominator ; and confe- 

uently the Fraction either equal to, or greater than, 
the whole integer, as 4, which is equal to the whole ; 
or §, which is greater than the whole. 

Simple Fractions, or Single Fractions,-ae fuch as 
confift of only one numerator, and one denominator 5 
as 3, or $, or 34. 

Compound Fractions are Fraétions of Fractions, 
and confit of feveral Fractions, conneéted together by 
the word of: as } of 3, or £ of $ off. ~ 

A Mixt Number coniifts of an integer and a Fraction 
joined together: as 13, or 12}. 

The arithmetic of FraGtions confifts in the Reduc- 
tion, Addition, Subtraction, Multiplication, and Divi- 
fion of them. 

Redudion of Fractions is of feveral forts ; as 1. To 
reduce a given whole number into a Fraétion of any given 
denominator. Multiply the given integer by the pro- 
pofed denominator, and the produ€& will be the nume- 
rator. Thus, it is found that 3 = 3, and 5 = 4°, or 

= 2 
If no denominator be given, or it be only propofed 
to exprefs the integer Fraction-wife, or like a Frac- 
tion; fet 1 beneath if, for its denominator. So 
g=4, and 5 = 7, and 7 = 2. 

2. To reduce a given Fra&ion to another Frafion equal 
40 it, that foall have a given denominator. Multiply the 
numerator by the propofcd denominator, and divide the 

roduét by the former denominator, then the quotient 
fet over the propofed denominator will form the Frac- 
tion required. Thus, if it be propofed to reduce 3 to 
an equal Fraétion whofe denominator fhall be 8; then 
3X8 = 24, and 242.4 = 6 the numerator, fo that 
8 is the Fraction fought, being = 3, and having 8 for 
jts denominator. F 
3. To Abbreviate, or reduce Fradions to lower terms. 
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Divide their terms, i. e. numerator aud denominator, by 
any number that will divide them both without a remain. 
der, fo fhall the quotients be the cerrefponding terms 
of a new Fraction, equal to. the former, but in {maller 
numbers. In like manner abbreviate thefe new terms 
again, and fo on till there be no number greater than 1 
that will divide them without a remainder, and then the 
Fraction is faid to be in its leaft terms. ‘Thus, to ab- 
breviate 4%; firft divide both terms by 5, and the 
Fraétion becomes 3 ; next divide thefe by 3, and it be- 
comes 3: fo that 3§ = y, = g, which jis in its leatt 
terms. 

4. To reduce Fradions to other equivalent ones of the 
fame denominator. Multiply each numerator, feparately 
taken, by all the denominators except its own, and the 
produ€ts will be the new numerators ; then multiply 
all the denominators continually together, for the com- 
mon denominator, to thefe numerators. Tlhius, j and 
# reduce to 22 and 4% ; and §, 3, and ¢ reduce to 43, 
$8, and 33. 

5. To find the value of a Fratton, in 9 
the known parts of its inieger.. Multiply +a 
always the numerator by the number 


of parts of the next inferior denomina- 16) 180 (its 
tion, and divide the products by the de- 16. 
nominator. So, to find the value of .% 20 

of apound fterling ; multiply 9 by 20 for 16 
fillings, and dividing by 16, gives 11 7 

for the fhillings ; then multiply the re- 12 
mainder 4 by 12 pence, and dividin, aor 

by 16 a 3 re pence: fo ta mae 


11s. 3d. is the value of ,%1. as requir- 
ed. 

6. To reduce a mixt number to an equivalent improper 
Fraéion. Multiply the integer by the denominator, 
and to the produét add the numerator, for the new nu+ 
merator, to be fet over the fame denominator as before. 
Thus 3 becomes 47. 

9» To reduce an improper Freéfion ta its equivalent 
avhole or mixt ‘number. Divide the numerator by the 
denominator; fo fhall the quotient be the integral part, 
and the remainder fet over the denominator will form 
the fra@ional part of the equivalent mixt number.’ 
Thus 4° reduces to 34, and 37 = 8. 

8. To reduce a compound Frattion to a fimple one. 
Multiply all the numerators together for the numera- 
tor, and all the denominators together for the denomi- 
nator, of the fimple Fraction fought. Thus, 4 of $ 
= 4, and 3 of t of 3 = 3%. 

To reduce a Vulgar Fraétion to a decimal. See 
Decimars. And for feveral other particulars concern- 
ing Reduétion, as well as the other operations in Frace 
tions ; fee my Arithmetic. * 

Addition of Fractions. Firft reduce the Fra@tions 
to their fimpleft form, and reduce them alfo to a common 
denominator, if their denominators are different ; then 
add all the numerators together, and fet the fum over 
the common denominator, for the fum of all the Frac> 
tions as required. 


Thu,i+2=$=1; 
And $+ ZSHAtHSHSHt | 
Subtra@ion of Fractions. Reduce the Fractions the 
fame as for addition; then fubtra@& the one numerater 
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from the other, and fet the differenee over the common 
denominator, 

So j-i=#4; 
And §—4= 43—3f = 34. 

To Mutiply Fractions together. Reduce them all 
to the form of fimple Frations, if they are not fo; then 
multiply all the aumerators together for the numerator, 
and all the denominators together for the denominacor 
of the produé fought. 

Thus } x $= 4; 
And |x $x re = $b = $3 = 7, 

To Divide Farevions. Divide the numerator by 
the numerator, and the denominator by the denomina- 
tor, if they will exaétly divide, Thus, Witt=h 

But if they will not divide without a remainder, then 
multiply the dividend by the reciprocal of the divifor, 
that is, by the Fraétion obtained by inverting or chang- 
ing itsterms. Thus, Wwree hx gad 

Algebraic Fractions, ot Fractions in Species, are 
exactly fimilar to vulgar Fractions, in numbers, and all 
the operations are performed exa@tly in the fame way; 
therefore the rules need not be repeated, and it may be 
fufficient here to fet down a few examples to the fore- 
going rules. Thus, ; 

1. The Fra@tion > abbreviates to =. 

6a — gax* — 2a* — 3x? ree 
eo = , by div: y 3a. 

2 ES recy make? PY ividing by 3a, 

3 my? Poet gags 2 hes 

3 Bee a cl =tts by dividing by 

a—x. See Common Meafure. 











a —ax 








a ¢ ad be 

ay and 7G become ia and Fy when reduced to 
a common denominator. 

a ¢ _ad+be 
ar a” 

@b. an—be 
ce aa a 

a ¢ =, ae 
Ry X= iw 
@ Ash 8 8 aa 
er ae tea 


Continued Fraction, is ufed for a FraQion whofe 
denominator is an integer with a Fraétion, which latter 
Fraétion has for its denominator an integer and a Frac- 
tion, and the fame for this laft- Fraétion again, and fo 
on, to any extent, whether fuppofed to be infinitely 
continued, or broken off after any number of terms, 
Euler, Analyf. Inf, vol. 1, p- 295. 


Ls t 
Asia (Rts 


"Fett ag, &e. 

Or, ufing letters inftead of numbers, 
=. 4 
poay i ecre 

c+ T+ as 
e+ke 
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A ’ 
or — B 
ey ree 
c+7,£E ‘ 
e¢ + &e 


When thefe feries are not far extended, it is not difs 
ficult to collet them by common arithmetic. 

Lord Brounker, it feems, was the firft who confider- 
ed Continued Fraétions, or at leaft, who applied them 
to the quadrature of curves, in Wallis’s Arith, Infin. 
Prop. 191, vol. 1, p. 469 &c, where this author explains 
the manner of forming them, giving feveral numeral 
examples, in approximating ratios, as well as the gene- 
neral feries 


So) 
eRe 


1S &c, as he denotes it. ¢ 


Huygens alfo ufed it for the like purpofe, viz, to ap. 
proximate the ratios of large numbers, in his Defcrip. 
Autom. Planet. in Oper. Relig. p. 173 &c, edit. 
Ami. 1728. And a fpecial treatife on Continued 
Fraétions was given by Euler, in his Analyf. Infin, 
vol. 1, pas 295 &c. 

This fubje& is perhaps capable of much improve. 
ment, though it has been rather neglected, as very 
little ufe has been made of it, except, by thofe au- 
thors, in approximating to the value of FraGtions, and 
ratias, that are exprefled in large numbers; befides a 
method of Goniometry by De Lagny, explained in the 
Introduétion to m Logarithms, pa. 78; as alfo fome 
ufe I have made of it in fuming very dowly converg. 
ing feries, in my Traéts, Pp 38 & feq. 

As to the reducing of common Fradtions, and ratios, 
that are expreffed in large numbers, to Continued Frace 
tions, it is no more than the common method of find. 
ing the greateft common meafure of thofe two num- 
bers, by dividing the greater by the lefs, and the laft 
divifor always by the laft remainder; for then the 
feveral quotients are the denominators of the FraGtions, 
the numerators being always 1 or unity, Thus, to find 


approximating values of the Fraétion 31415926535 
10000000000 

orto the ratio of 3 1415926535 to 10000000000, being 
the ratio of the circumference of a circle to its diame. 
ter, by means of a Continued Fration ; or, to change 
the faid Common Fra@tion to a Continued FraGion ; 
Dividing the greater term always by the lefs, the fame 
as to find the greateft common eaters of the faid num, 
bers or terms, the feveral quotients will be 3, 7, 1 5s ty 
292, 1, 1, &c, which, after the firft, will be the deno, 
minators, to the common numerator 1; and therefore 
the faid Fragtion will be changed into: this Continued 
Fraétion, . : 
Sab hop Ts +t t 
SET TS ae ; 
Hence, ftopping at any part of thefe fingle Fractions, 
one afier another, will give feveral values of the pro. 
pofed ratio, all {ucceffively nearer and nearer the truth, 
but alternately too great and too little. So, opping 
3 T2 -” 
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at 5, it is 3 } = 3 = 3°142857 too great, or 22 to 7, 
the yatio of the circumtercnce to the diameter as given 
by Archimedes. Again, ftopping at 75, it is 
eng DS SST 
We 3706 = 106 3°141509 
But flopping at 4, 


&e, too little. 


it is 3 





ak wa gt = 328 = 35S (the ratio of 
Trp Tis M3 113 
Metius) = 3-1415929 &c, which is rather too great. 
And fo on, always nearer and nearer, but altcrnately 
tdo great and too little. 

And, in like manner is any algebraic Fra€tion thrown 
into a Continued Fraction. As. the Fraction 


aBy3 + abd + ac? os é on saa 
Th aetl bed Fy which being in like 
By 2? 


3 ° « 
manner divided, the quotients are —, +-, +, 3 
a bb ¢’ da 


which fingle FraQions being confidered as denomina- 
tors to other FraGtions whofe common numerator is 1, 
thefe will be the reciprocals of the former, and fo will 


become we 4, =, Z 3 and hence the propofed com- 
@ By & 


mon Fraétion is equal to this terminate Continued 
Fraétion, : 
a 
— 3b 
aa ee 
Po 3° 
_ On-the other hand, any Continued Fra@tion Bein: 
iven, its equivalent common Fraétion will be found, 
y beginning at the laft denominator, or loweit end of 
the given Continued Fragtion, and gradually collecting 
the Fragtions backwards, till we arrive at the firft, when 
the whole will thus be collected together into one com- 
mon Fraétion;, as was done above in collecting the 
Frations 


1 
~ I+ ds 


« 


Fit che + Ke. 


And in like manner the Continued. Fra€tion 
, & 

ae +-- ts 
a+ y +4 colleéts into the Fraction. 

aby) + ad + acd 

aby? + abd + acd + byd + bd 

When the given Continued Fra@ion is an infinite 
one, colle& it fucceffively, firft one term, then two to- 
gether, three together, &c, till the fum is fufficiently 
exact. Or, if thefe collected fums converge too flowly 
to the true value, having collected a few of the terms 
into fucceffive fums, thefe being alternately too great 
and too little, the true value will be found as near as 
you pleafe by the method of arithmetical means, ex~ 
plained in my Tras, vol. 1, Tract z, pa. 11. 

Vanifoing Fractions. Such Fraétions as have both: 
their numerator and denominator vanifh, or equal to 0, 
at the fame time, may be called Vanifbing Fraéions. 
We are not to.conclude that fuch. Fra@tions are equal 
to nothing, or have no value 5 for that they have a cer- 


sa ee og 
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thematicians, The idea of fuch Fractions as thefe, firft 
originated in a very fevere conteft among fome French 
mathematicians, in which Varignon and Rolle were the 
two chief oppofite combatants, concerning the thea 
new or differential calculus, of which the latter gentle- 
man was a ftrenuous opponent. Among other argu- 
ments againft it, he propofed an example of drawing a 
tangent to certain curves at the point where the two 
pats crofs each other ; and as the fractional expreffion 
for the fubtangent, by that method, had both its nume- 
rator and denominator equal to 0 at the point propofed, 
Rolle looked upon it as an abfurd expreffioa, and as an 
argument againit the method of folution itfelf. ‘Phe 
feeming myftery however was foon explained, and firfk 
of all by John Bernoulli. See an account of this affair 
in Montucla, Hift. Math. vol. 2, pa. 366. 

Since that time, fuch kind of fractions have often 
been contemplated by mathematicians, As, by Mac~ 
laurin, in his Fluxions, vol. 2, pa. 698: Saunderfon, 
in his Algebra, vol. 2, art. 469: De Moivre, in Mifcel. 
Anal. pa. 165: Emerfon, in his Algebra, pa. 212: 
and by many others. The fame fractions have alfa 
proved a ftumbling-block to more mathematicians than 
one, and the caufe of more violent controverfies: wit 
nefs that between Powell and Waring, when they were 
competitors for the profefforfhip at Cambridge. In 
the {pecimen of a work publifhed on occafion of that 


- a ie 
competition, by Waring, was the fraction i 


which he faid became 4 when p was == 1. This was 
ftruck at by Powell, asabfurd, becaufe when p =1, then 
—>ps a ; 
the fraction é —£ 1 at = ‘, which was one 
chief caufe of his not fucceeding to the profefforfhip. 








it ff Pol? i. 2, 3 + 
Waring replied that i$ is=pt pr +pit+? 
(by common divifton) = 1 + 1 + 1 + 1 = 4, when. 

is = 1. See the controverfial pamphlets that paffed 
between thofe two gentlemen at that time. 
There are two modes of finding the value of fuch 
fractions, that have been given by the gentlemen above 
uoted. ‘The one is by confidering the terms of: the 
action as two variable quantities, continually decreaf— 
ing, till they both vanifh together-; or finding the ulti- 
mate value of the ratio denoted by the fraction. In. 
this way of confidering the matter, it appears that, as 
the terms of the fraction are fuppofed to decreafe tilk 
they vanith, or become only equal to their fluxions or 
their increments, the value of the fraGtion at that ftate, 
will be equal to the fluxion or increment. of the numera- 
tor divided by that of the denominator. Hence then; 
~as 
taking the example — when x= 13 the fluxion 


of the numerator is i — 54%, and of the denominator 
= %3 therefore 

Tk ae Suet Lee Lane SO = 

Z SV ee IIe 


x 

















—# 
. Xone 
the value of the fraction "i when # = 1.-——Or, 
rae: 
weed xt 
thus, becaufe + = 1, therefore ; =S5% 


—e 
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the fluxion of the denominator, or —%, gives 443 or 4, 
the fame_as before. . 
‘The other method is by reducing the given expreffion 


to another, or fimple form, and then ubitituting the_ 


values of the letters. 
othe 1—x4 ae 
foe when x = 1; divide the numerator 
by the denominator, and it becomes 1 -+ x + x7 4.73, 
which when x = 1, becomes 4, for the given fraétion, 
the fame as before.—A gain, to find the value of 
BGR SFE: when x is = a, in which cafe both the nu- 
an fax 

merator and denominator become ==0. Divide the au- 
merator by the denominator, and the quotient is 


So in the above example 





x G 
Vax tx tiny 5 which when x = a, becomes 
a 


a+a+a= 3a, for the valuc of the fraGtion in that ftate 
of it, 

FRAISE, in Fortification, a kind of defence, con- 
filting of pointed ttakes, driven almott parallel to the 
horizon into the retrenchments of a camp, &c, to ward 
off and prevent any approach or fealade. 

FRANKLIN (Dr. Benjamin), one of the moft ce- 
Icbrated philofophers and politicians of the 18th century, 
was born in Bolton in, North America in the year 1706, 
being the youngeft of 13 children. His father was a 
tallow-chandler in Bolton, and young Franklin was 
taken from fchool at 10 years of age, to affit him in 
his bufinefs, In this fituation he continued two 
years ; but difliking that oecupation, he was bound aj 
prentice to an elder brother, who was then a printer in 
Bolton, but had learned that bufinefs in London, and 
who in the year 1721 began to print a newfpaper, being 
the fecond ever publifhed in America ; the copies of 
which our author was fent to diftribute, after having 
affifted in compofing and printing it. Upon this occa- 
fion, our young philofopher enjoyed the fecret and fin- 
gular pleafure of being the much admired author of 
many effays in this paper ; a circumftance which he had 
the addrefs to keep a fecret even from his brother him- 
felf ; and this when he was only 15 years of age. - The 
frequent ill ufage from his brother, induced young 
Franklin to quit his fervice, which he did, at the age 
of 17, and went to New York. But not meeting em- 
ployment here, he went forward to Philadelphia, where 
he worked with a printer a fhort time ; after which, 
at the inftance of Sir William Keith, governor of the 
province, he returned to Bofton to folicit pecuniary af- 
fiftance from bis father to fet up a printing-houfe for 
himfelf at Philadelphia, upon the promife of great en- 
couragement from Sir William, &c. His father how- 
ever thought fit to refufe fuch aid, alleging that he 
was yet too young (18 years old) to be entrufted with 
fuch a concern; fo our author again returned to Phi« 
ladelphia without it. Upon this, Sir William faid he 
would advance the fum that might be neceffary, and our 
young philofopher fhould go to England, and purchafe 
all the types and materials, for which purpofe he would 
give him letters of credit. He could never however 
get thefe letters, yet by dint of fair promifes of their 
being fent on board the thip after him, he failed for 
England, expe@ting thefe letters of credit were in the 
governor’s packet, which he was to receive upon its 
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being opened. In this however he was cruelly deceived, 
and thus he was fent to London without either money, 
friends, or credit, at 18 years of age. 

He foon found employment, however, as a journey- 
man printer, firft at a Mr. Palmer’s, and afterward with 
Mr. Watts, with whom he worked a confiderable time, 
and by whom he was greatly efteemed, being alfo 
treated with fuch kindaefs, that it was always mott 
gratefully remembered by our philofopher. 

After a flay of 18 months in London, he returned to 
Philadelphia, viz in 1726, along with a merchant of 
that town, as his clerk, on a falary of 50 pounds a year. 
‘But his mafier dying the year after, he again engaged. 
to dire& the printing bufinefs of the fame perfon with 
whom he had worked before. After continuing with 
him the beft part of a year, our philofopher, in partner- 
fhip with ancther young man, at length fet up a print. 
ing-houfe himfelf, 

A little before this time, young Franklin had gradual. 
Jy affociated a number of perfons, like himfelf, of a ra- 
tional and philofophical turn of mind, and formed them 
into a club or fociety, to hold meetings, to converfe and 
communicate their fentiments together, for their mutual 
improvement in all kinds of ufeful knowledge, which 
was in high repute for many years after. Among man 
other ufeful regulations, they agreed to bring fuch 
books as they had into one place, to form a common 
Iibrary. This refource being fund defeétive, at Frank- 
lin’s perfuafion they refolved to. contribute a {mall fam 
monthly towards the. purchafe of books for their ufe 
from London. ‘Thus their ftock began to increafe ra- 
pidly ; and the inhabitants of Philadelphia, being de- 
firous of having a fhare in their literary knowledge, 
propofed that the books fhould be lent out.on paying a 
{mall fum for the indulgence. Thus in a few years the 
focicty became rich, and poffeffed more books than were 
Paape to be found in all the other colonies: the col- 
letion was advanced into a public library ; and the other 
colonies, fenfible of its advantages, began to form fimi- 
lar plans; from whence originated the libraries at. 
Botton, New York, Charleflown, &c ; that-of Philadel». 
phia being now not inferior to any in Europe. 

About 1728 or 1729, young Franklin fet up anew/-- 
paper, the fecond in Philadelphia, which proved very, 
profitable, and otherwife ufeful, as affording an oppors: 
tunity of making himfelf known as a political writer, 
by inferting feveral of his writings. of that. kind into it.. 
In addition to his printing-houfe, he fet- up a: flop to 
fell hooks and flationary ; and in 1730 he matried his. 
wife, who proved very ufeful in aflifting to Manage. 
the thop, &c. He afterward began to have fome lel 
fure, both for reading books, and writing them, of. 
which he gave-many fpecimens from time to times. In. 
1732 he began to publith Poor Richard’s Almanac,. 
which was continued for many years.. It was. always 
remarkable for the numerous and valuable concife 
maxims which it contained, for the ceconomy of human 
life, all tending to exhort toinduftry and frugality: and 
in the.almanac for. the lait year, all the maxims were 
colle&ted in an addrefs to the reader, entitled, The Way 
to Wealth. This has been tranflated into various lan- 
guages, and inferted- in different publications. Pt has. 
alfo been printed on a large fheet, proper to be framed, 
and. hung up in confpicuous places in all houfes, as it. 
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wery well deferves to be. Mr. Franklin beeame gra- 
‘dually mote known for his political talents, and in the 
year 1736, he was appointed clerk to the General Af 
fembly of Pennfylvania ; and was re-eleGted by fucceed- 
ing aflemblies for feveral years, till he was chofen are 
prefentative forthe city of Philadelphia ; and in 1737 
he was appointed poft-matter of that city. In 1738, he 
formed the firft fire-company there, to extinguifh and 
prevent fires and the burning of houfes: an example 
avhich was foon followed by other perfons, and other 
places. And foon after, he fuggefted the plan of an 
affociation for infuring houfes and fhips from loffes by 
fire, whichowas adopted ; and the affociation continues 
to this day. In the year 1744, during a war between 
France and Great Britain, fome French and Indians 
made inroads upon the frontier inhabitants of the pro- 
vince, who were unprovided for fuch an attack : ithe 
fituation of the province was at this time truly alarming, 
being deftitute of every means of defence. At this crifis 
Franklin ftepped forth, and propofed toa meeting of the 
citizens of Philadelphia, a plan of a voluntary affocia~ 
tion for the defence of the province. ‘This was approv- 
ed of, and figned by 1200 perfons immediately. Copies 
of it were circulated through the province; and in a 
fhort time the number of figners amounted to 10,000. 
Franklin was chofen colonel of the Philadelphia regi- 
ment; but he did not think proper to accept of the 
honour. f 

Purfuits ofa different nature now occupied the grat: 
eft part of his attention for fome years. Being always 
much addiéted tothe ftudy of natural philofophy ; andthe 
difcovery of the Leyden experiment in electricity hav- 
ing rendered that fcience an objeét of general curiofity ; 
Me Franklin applied himfelf to it, and foon began to 
diftinguifh him ele eminently in that way. He engaged 
in a courfe of eleétrical experiments with all the ardour 
and thirft for difcovery which charaéterized the philo- 
fophers of that day. By thefe, he was enabled 'to make 
a number of important difcoveries, and to propofe theo- 
ries to account for various phenomena; which have been 
generally adopted, and which will probably endure for 
ages. His obfervations he communicated, in a feries of 
letters, to his friend Mr. Collinfon ; the firft of which is 
dated March 28, 1747. In thefe he makes known the 
power of points in drawing and throwing off the ele&tric 
matter, which had hitherto efcaped the notice of eleétri- 
cians. He alfo made the difcovery of a plus and minus, 
or of a pofitive and negative ftate of electricity from 
whence in a fatisfa€tory manner he explained the phe- 
nomena of the Leyden phial, firft obferved by Cuneus 
or Mufchenbroeck, which had much perplexed philofo- 
phers. He fhewed that the bottle, when charged, con- 
tained no more eleétricity than before, but that as much 
was taken from one fide as was thrown on the other ; 
and that, to difcharge it, it was only neceflary to make 
a communication between the two fides, by which the 
equilibrium might be reftored, and that then no figns of 
eleGricity would remain. He afterwards demonftrated 
by experiments, that the eleétricity did not refide in 
the coating, as had been fuppofed, but in the pores of 
the glafe itfelf. After a phial was charged, he removed. 
the coating, and found that upon applying a new coat- 
ing the theck might fill be received. Tu the year 1749, 
he firft fuggefted his idea of explaining the phenomena 
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of thuader-gufts; and of the aurora borealis, upon elec 
trical principles. He points out many particulars in 
which lightning and eleftricity agree ; and he adduces . 
many facts, and reafoning from fatts, in fupport of his 
pofitions. In the fame year he conceived the bold and 
grand idea of afcertaining the truth of his do@rine, 
by adtually drawing down the forked lightning, by 
means of fharp-pointed iron rods raifed into the region 
of the clouds; from whence he derived his method of 
fecuring buildings and fhips from being damaged by 
lightning. Tt was not until the fummer of 1752 that he 
was enabled to complete his grand difcovery the expe- 
riment of the electrical kite, which being raifed up into 
the clouds, brought thence the electricity or lightning 
down to the earth; and M. D’Albard made the 
experiment about the fame time in France, by follow- 
ing the track which Franklin had before pointed out. 
The letters which he fent to Mr. Collinfon, it is faid, 
were refufed a place among the papers of the Royal So- 
ciety of London ; and Mr. Collinfon publithed them in 
a feparate volume, under the title of Mew Experiments 
and Obfervations on EleGricity, made at Phil lelphia, in 
America ; which were read with avidity, and foon tranf. 
lated into different languages. His theories were at 
firft oppofed by feveral philofophers, and by the mem. 
bers of the Royal Society of London; but in 1755, 
when he returned to that city, they voted him the gold 
medal which is annually given to the perfon who pre- 
fents the beft paper on fome interefting fubjeét. He 
was alfo admitted a member of the Society, and had the 
degree of door of laws conferred upon him by dif- 
ferent univerfities: but at this time, by reafon of the 
war which broke out between Britain and France, he 
returned to America, and interefted himfelf in the pub- 
lic affairs of that country. Indeed he had done this 
long before ; for although philofophy was a principal 
object of Franklin’s purfuit for feveral years, he did 
not confine himfelf to it alone. In the year 1747 he 
became a member of the General Affembly of Pennfyl. 
vania, as a burgefs for the city of Philadelphia. Being. 
a friend to the rights of man from his infarcy, he faon 
diftinguifhed himfelf as a fteady opponent of the uns 
jut {chemes of the proprietaries. He was foon look- 
ed up to as the head of the oppofition; and to him 
have been attributed many of the fpirited replies of the 
affembly, to the meflages of the governors. His ins 
fluence in the body was very great. This arofe not from 
any f{uperior powers of eloquence ; he {poke but feldon: 
and he never was known to make any thing like an dav 
borate harangue. His fpeeches often confifted of a 
fingle fentence, or of a well-told ftory, the moral of 
which was always obvioufly to the point. He never 
attempted the flowery fields of oratory. His manner 
was plain and mild. His ftyle in {peaking was, like 
that of his writings, fimple, unadorned, and remarke 
ably concife. With this plain manner, and his 
trating and folid judgment, he was able to conta 
the moft eloquent and fubtle of his adverfaries, te 
confirm the opinions of his friends, and to make com 
verts of the unprejudiced who had oppofed him. With 
a fingle obfervation, he has rendered of no avail ak 
and elegant difcourfe, and determined the fate of 
quéftion of importance. ae 


In the year 1749, he propofed a plan of an academy, 
te 
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tion for potterity to ereét a feminary of learning, more 
extenfive and fuitable to future circumftances ; and. in 
the beginning of 1750, three of the fchools were open- 
ed, namely, the Latin and Greek {chool, the Mathe- 
matical, and the Englith fchools. This foundation foon 
after gave rife to another more extenfive college, in- 
corporated by charter May 27, 1755, which ftrll fub- 
fits, and ia a very flourithing condition. In 1752, he 
was inftrumental in the eftablithment of the Pennfyl- 
vania Hofpital, for the cure and relief of indigent in- 
valids, which has proved of the greateft ufe to that clafs 
of perfons. Having conduéted himfelf fo well as Poft- 
maiter of Philadelphia, he was, in 1753, appointed De- 
puty Poftmatter-general for the whole Britith colonies, 

The colonies being much expofed to depredations in 
their frontier by the Indians and the French, at a meet- 
ing of commiffioners from feveral of the provinces, Mr. 
Franklin propofed a plan for the gencral defence, to 
eftablith in the colonies a general government, to be ad« 
miniftered by a prefident-general, appointed by the 
rown, and by a grand council, contifting of members 
chofen by the reprefentatives of the different colonies ; 
a plan which was unanimoufly agreed to by the com- 
roiffioners prefent. The plan however had a fingular 
fate: It was difapproved of by the miniftry of Great 
Britain, becaufe it gave too much power to the repre. 
fentatives of the People ; and it was rejected by every 
affembly, as giving to the prefident general, who was 
to be the reprefentative of the crown, an influence 
greater than appearéd to them Proper, in a plan of go- 
vernment intended for freemen. Perhaps this rejeGion, 
on both fides, is the ftrongeft proof that could be ad- 
duced of the excellence of it, as fuited to the fituation. 
of Great Britain and America at that time. It ap. 
Pears to have ftecred exa@ly in the middle, between the 
oppolite interefts of both. Whether the adoption of 
this plan would have prevented the feparation of Ame- 
rica from Great Britain, is a queflion which might af- 
ford much room for {peculation. 

In the ges 1755, General Braddock, with fome re- 
pinents of regular troops, and Provincial levies, was 
ent to difpoffefs the French of the pofts upon which 
they had feized in the back fettlements, After the 
men were all ready, a difficulty occurred, which had 
nearly prevented the expedition. This was the want 
of wapgons. ’ Franklin now ftepped forward, and, with 
the aibliancé of his fon, in a little time Procured 150, 
After the defeat of Braddock, Franklin introduced into 
the aifembly a bill for organizing a militia, and had the 
dexterity to get it paffed. In confequence of this a@ 
a very refpectable militia was formed ; and Franklin 
was appointed colonel of a regiment in Philadelphia, 
which confifted of 1200 men 3 in which capacity he 
acquitted himfelf with much Propriety, and was of 
fingular fervice ; though this militia was foon after dif. 
banded by order of the Englith miniftry, 

In 1757, he was fent to England, with a petition to 
the king and council, againit the Proprictaries, who re- 
fufed to bear any fhare in the public expences and 
affefiments ; which he got fettled to the fatisfaGion of 
the ftate. After the completion of this bufinefs, 
Franklin remained at the court of Great Britain for 
fome time, as agent for the province of Pennfylvania ; 
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Georgia, Soon after this, he publithed his Canada 
pangs in which he pointed out, in a very forcible 
manner, the advantages that would refult from the con- 
queft of this province from the French. An expedi. 
tion was accordingly planned, and the command given 
to General Wolfe ; the fuccefs of which is well known, 
He now divided his time indeed between philofophy 
and politics, rendering many fervices to boti, Whilit 
here, he invented the elegant mufical inftrument called 
the sdrmonica, formed of glaffes played on by the fin- 
gers. In the fummer of 1762 he returned to Aumerica 5 
on the paffage to which he obferved the fingular effeét 
produced by the agitation of a veffel, containing oil 
floating on water: the upper furface of the oil remained 
{fmooth and undifturbed, whilit the water was agitated 
with the utmoit commotion. On his return he receive 
ed the thanks of the Affembly of Pennfylvania, which 
having annually elected him a member in his abfence, 
he again took his feat in this body, and continued a 
fteady defender of the liberties of the people, 

In 1764, by the intrigues of the Proprictaries, 
Franklin loft his feat in the affembly, which he had. 
poffeffed for 14 years; but was immediately appointed. 
provincial agent to England, for which country he 
prefently fet out. In 1766 he was examined before 
the parliament relative to the ftump-act ; which was 
foon after repealed. The fame year he made a journey 
into Holland and Germany ; and another into France; 
being everywhere received with the greatelt refpee by 
the Uteratt of all nations, In 1773 he attracted the 
public attention by a letter on the duel between Mr,: 
Whately and Mr. Temple, concerning the publication 
of Governor Hutchinfon’s letters, declaring that he waa. 
the perfon who had difcovered thofe’ letters. On the 
2gth of January next year, he was examined before the 
privy-council on a petition he had prefented long before 
as agent for Maffachufetts Bay againft Mr. Hutchinfon: 
but this petition being difagreeable to miniftry, it was 
precipitately rejected, and Dr, Franklin was foon after 
removed from his office of Poftmatter-general for Americ 
ca. Finding now all efforts to reftore harmony between. 
Great Britain and her colonies ufelefs, he returned to 
America in 1775 ; juft after the commencement of hofti- 
lities. Being named one of the delegates to the Contia 
nental Congrefs, he had a principal fhare in bringing 
about the revolution and declaration of independency on 
the part of the colonies. In 1776 he was deputed by 
Congrefs to Canada, to negociate with the People of that 
country, and to perfuade them to throw off the Britifh 


~yoke ; but the Canadians had been fo much difgufted 


with the hot-headed zeal of the New Englanders, who 
had burnt fome of their chapels, that they refufed to 
liften to the propofals, though enforced by all the ar. 
guments Dr. Franklin could make ufe of.. On his re= 
turn to Philadelphia, Congrefs, fenfible how.much he 
was eiteemed in France, fent him thither to put a fimifh. 
ing hand to the private negociations of Mr. Silas Deane; 
and this important commiffion was readily accepted by 
the Doétor, though then in the 718 year of his age 
The event is well known; a treaty of alliance and com= 
merce was figned between France and America ; and 

. Le Roi afferts, that the Door had a great thare in 
the tranfaGtion, by ftroncly advifinc MA er, ve 
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to lofe a fingle moment, if He withed to fecure the 
friendfhip of America, and to detach it from the mo- 
ther-country. In 1777 he was regularly appointed 
plenipotentiary from Congrefs to the French court ; 
but obtained leave of difmiffion in 1780. Having at 
length feen the full accomplifhment of his wifhes by the 
conclution of the peace in 1783, which gave indepen- 
dency to America, he became defirous of reviliting his 
native country. He therefore requefted to be recall- 
ed; and, after repeated folicitations, Mr. Jefferfon was 
appointed in his ttead. On the arrival of his fucceflor, 
he repaired to Havre de Grace, and croffing the chan+ 
nel, landed at Newport in the Ifle of Wight; from 
whence, after a favourable paffage, he arrived fafe at 
Philadelphia in September 1785. He was received 
amid{t the acclamations of a vait multitude who flocked 
from all parts to fee him, and who condutted him in 
triumph to his own houfe ; where ina few days he was 
vifited by the members of the Congrefs and the principal 
inhabitants of Philadelphia. He was afterward twice 
chofen prefident of the Affembly of Philadelphia ; but 
his increafing infirmities obliged him to afk permiffion 
to retire, and to fpend the remainder of his life in 
tranquillity ; which was granted, in 1788. After this, 
the infirmities of age increafed faft upon him ; he be- 
came more and more affli@ted with the gout and the 
ftone, till the time of his death, which happened the 
i7th of April 1790, about 11 at night, at 84 years 
of age; leaving one fon, governor William Franklin, 
a zealous loyalift, who now refides in London; and a 
daughter, married to Mr. William Bache, mercHant in 
Philadelphia, 

*  Do@tor Franklin was author of many traéts on elec- 
tricity, and other branches of natural philofophy, as 
well as on politics, and mifcellaneous fubjeéts. He had 
alfo many papers inferted in the Philofophical Tranfac- 
tions, from the year 1757 to 1774. 

FREEZE, or Faize, in Archite¢ture, a large flat 
member, being that part of the entablature of columns 
that feparates the architrave from the cornice. 


FREEZING, or Congelation, the fixing of a fluid 
body into a firm or folid mafs by the aétion of cold: 
in whtich fenfe the term is applied to water when it 
freezes-into ice ; to metals when they refume their folid 
form after being melted by heat; or to glafs, wax, 
pitch, tallow, &c, when they harden again after having 
been rendered fluid by heat. But it differs from cryf- 
tallization, which is rather a feparation of the particles 
of a folid from a fluid in which it had been diffolved 
more by the moilture than the action of heat. 

The procefs of congelation is always attended with 
the emiflion of heat, as is found by experiments on the 
freezing of water, wax, {permaceti, &c; for in fuch 
cafes it is always found that a thermometer dipt into 
the fluid mafs, keeps continually defcending as this 
cools, till it arrive at a certain point, being the point 
of freezing, which is peculiar to each fluid, where it 
is rather | eee and then rifes for a little, while 
the congelation goes on. But by what means it is 
that fluid bodies fhould thus be rendered folid by cold, 
or fluid by heat, or what is introduced into the bodies 
by either of thofe principles, are mattefs the learned 
have never yet been able to difcover, or to fatisfy them- 
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felves upon. The following phenomena however are 
ufually obferved. 

Water, and fome other fluids, fuddenly dilate and 
expand in the aét of Freezing, fo as to occupy a great« 
er {pace in the form of ice than before, in confequence 
of which it is that ice is fpecifically lighter than the fame 
fluid, and floats in it. And the degree of expanfion 
of water, in the flate of icc, is by fome authors com 
puted at about ;‘5 of its volume. Oil however is am 
exception to this property, and quickfilver too, which 
fhrinks and contraéts {till more after Freezing, Mr. 
Boyle relates feveral experiments of veflels made of 
metal, very thick and ftrong ; in which, when filled 
with water, clofe topped, and expofed to the cold, the 
water being expanded. in Freezing, and not finding 
either room or vent, burft the veffels. A ftrong bar~ 
rel of a gun, with water in it clofe fopped and frozen, 
was rent the whole length. Huygens, to try the force 
with which it expands, filled a cannon with it, whofe 
fides were an inch thick, and then clofed up the mouth 
and vent, fo that none could efcape; the whole being 
expofed toa ftrong Freezing air, the water froze in’ 
about 12 hours, and burft the piece in two places. Ma- 
thematicians have computed the force of the ice upor 
this occafion; and they fay, that fuch a force would 
raife a weight of 27720 pounds. Laftly, Major Ed- 
ward Williams, of the Royal Artillery, made many ex= - 
periments on the force of it, at Quebec, in the years 
1784 and 1785. He filled all fizes of iron bomb-thells 
with water, then plugged the fuze hole clofe up, add 
expofed them to the itrong Freezing air of the wintér 
in that climate ; fometimes driving in the iron plugs aé 
hard as poffible with a fledge hammer ; and yet they 
were always thrown out by the fudden expanfion of 
the water in the act of Freezing, like a ball thot by 
gunpowder, fometimes to the diftance of between 400 
and 500 feet, though they weighed near 3 pounds; and 
when the plugs were ferewed in, or furnifhed with hooks 
or barbs, to lay hold of the infide of the fhell by, fo 
that they could not, poffibly be forced out, in this cafe 
the thell was always {plit in two, though the thicknefe 
of the metal of the fhell was about an inch and threé 
quarters. It is farther remarkable, that through the 
circular crack, round about the fhells, where they burft; 
there ftood out a thin film or fheet of ice, like a fin ; atid 
in the cafes when the plugs were proje@ed by Freezing: 
water, there fuddenly iflued out from the fuze-hole,4 
bolt of ice, of the fame diameter, and ftood over it ‘to 
the height fometimes of 8 inches and a gill And 
hence we need not be furprifed at the effetts of ice in 
deftroying the fubtlance of vegetables and trees, and 
even fplitting rocks, when the froft is carried to exe 
cefs, : 

It is alfo obferved that water lofes of its weight by 
Freezing, being found lighter after thawing again, théa 
before it was frozen. And indeed it evaporates almof 
as fat when frozen, as when it is fluid. i 

It is faid too that water does not freeze in vacua’s rep 
quiring for that purpofe the prefence and contiguity.of 
the air. Bur this circumilance is liable to fome doubt, 
and it may be fufpeéted that the degree of cold has nat 
been carried far enough in thefe inflances; as it i 
found that mercury in thermometers has even been 
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frozen, though it requires a vaftly greater degree of 
cald to freeze mercury, than water. 

That water which has been boiled freezes more 
readily than that which has not been boiled ; and that 
a flight diftugbance of the fluid difpofes it to freeze 
more fpeedily ; having fometimes been cooled feveral 
degrees below the Freezing point, without congealing 
when kept quite ftill, but fuddenly freezing into ice on 
the leaft motion or difturbance. 

That the water, being covered over with a furface 
of vil of olives, does not freeze fo readily as without 
it; and that nut oil abfolutely preferves it under a 
trong froft, when olive oil would not. : 

That reGtified {pirit of wine, nut oil, and oil of tur- 
pentine, feldom freeze. 

That the furface of the water, in Freezing, appears 
all wrinkled ; the wrinkles being fometimes in parallel 
lines, and fometimes like rays, proceeding from a cen- 
tre to the circumference. 

Freezine Misture, a preparation for the artificial 
congelation of water, and other fluids. 

According to Mr. Boyle, all kinds of falts, whether 
salkaline or acid ; and even all fpirits, as fpirit of wine, 
&e3 as alfo fugar, and faccharum faturni, mixed with 
fnow, are capable of Freezing moft fluids; and the 
fame effeét is produced, in a very high degree, by a 
mixture: of oil of vitriol, or {pirit of nitre, with fnow. 

M. Homberg remarks the fame of equal quantities of 
corrofive fublimate, and fal ammoniac, with four times 
the quantity of dittilled vinegar, 

Boerhaave 
froft without either {now or ice: we muft have for this 
purpofe, at any feafon of the year, the coldeft water 
that can be procured ; this is to be mixed with 2 pro- 
per quantity of any falt (fal ammoniac will anfwer the 
intention beft), at the rate of about 3 ounces to a quart 
-of water. Another quart of water mutt be prepared in 
the fame manner with the firft ; the falt, by being -dif- 
folved in cach, will make the water much colderthan it 
was before. The two quarts are then to be mixed te- 
gether, and this will make them colder ftill. ‘T'wo 
quarts more of water prepared and mixed in the fame 
manner are to be mixed with thefe, which will increafe 
the cold to a much higher degree in all, The whole of 
this operation is to be carried on in a cold cellar; and 
a glafs of common water is then to be placed in the 
velfel of the fluid thus artificially cooled, and it will be 
turned into ice in the {pace of 12 hours. 

There is alfo a method of making artificial ice by 
means of {now, without any kind of falt. For this 
purpofe fill a fmall pewter dith with water, and upon 
that fet a commoa pewter plate filled, but not heaped, 
with faow. Bring this fimple apparatus near the fire, 
and ftir the fnow in the plate: the fnow will diffolve, 
and the ice will be formed on the back of the plate, 
which was fet in the difh of water. 


Mr. Reaumur tried the effe& of feveral falts, and’ 


vexamined the various degrees of cold by an ice thermo- 
meter, which being placed in the fluid to be frozen, 
fhewed very exactly the degree of cold by the defcent 
of the fpinit. 

Nitre, or faltpetre, ufually paffes for a falt that may 
te very ferviceable in thefe artificial congelations ; but 
the experiments of this gentleman prove that this opi- 
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nion iserroneous, The.moft perfectly refined taltpetre 
employed in the operation foal the fpirit in the ther- 
mometer only 3 degrees anda half below the fixed 
point. Lefs refined nitre {unk the thermometer lower, 
and gave a greater degree of cold; owing to the 
common or fea-falt that it contains when lefs pure, 
eek has-a greater effect than the pure faltpetre it- 
elf. 

Two parts of common {alt being mixed with three 

arts of powdered ice in very ‘hot weather, the Spirit 
in the thermometer immediately defcended 15 degrees, 
which is half a degree lower than it would have de- 
{cended in the fevereft cold of our winters. Mr., Reau- 
rour then tried the falts all round, determining with 
great regularity and exaétnefs, what was the degree of 
cold occafioned by each in a given dofe. Among the 
neutral falts, none produced a greater degree of cold. 
than the common fea falt. Among the alkalies, fal 
ammoniac funk the thermometer only to 13 degrees. 
Pot-athes funk it jufl as low as well refined faltpetre. 

For the common ufes, of the table, the ice is not re- 
quired to be very hard, or fuch as is produced by long 
continuance of violent cold: it is rather defired to be 
like fnow. Saltpetre, which is no very powerful freezer, 
is therefore more fit for the purpofe than a more potent 
falt. It is not neceflary that the congelation fhould 
be very fuddenly made ; but that it may retain its form 
as loug as may be, when made, is of great import- 
ance. 

If it be defired to have ices very hard and firm, and 
very fuddenly prepared, then fea falt is of all others mot 
to be chofen for the operation. ‘The ices thus made 
will be very hard, but they will foon run. Pot-afhea 
afford an ice of about the hardnefs that is nfually re- 
quired. This forms indeed very flowly, but then it will 
preferve a long time. And common wood afhes ‘will 
perform the bufinefs very nearly in the fame manner as 
the pot-athes ; but for this purpofe, the wood which is 
burnt, ought to be frefh. 

The ftrong acid {pirits of the neutral falts a@ much 
more powerfully in thefe congelations than the falts 
themfelves, or indeed than any fimple falt can do. 
Thus, {pirit of nitre mixed with twige its quantity of 
powdered ice, immediately finks the fpirit in the ther- 
mometer to 19 degrees, or 4 degrees more than that ob- 
tained by means of-fea falt, the moft powerful of all 
the falts in making artificial cold. A much greater 
degree of cold may be given to this mixture, by piling 
it round with more ice mixed with fea falt. This gives 
a redoubled cold, and finks the thermometer to 24 de+ 
grees. If this whole matter be covered with a frefh 
mixture of fpirit of nitre and ice, a {till greater degree 
of cold is produced, and fo on; the cold being by this 
method of fret additions to be increafed almoft with- 
out bounds: but it is to‘be obferved, that every addi- 
tion gives a fmaller increafe than the former. 

It is very remarkable in the acid {pirits, that thougk 
fea falt is pA much more powerful than nitre in fubftance 
in producing cold, yet the fpirit of nitre is much 
ftronger than that of fea falt ; and another not Iefe won- 
derful phenomenon is, ‘that fpirit of wine, which is 
little elfe than liquid fire, has as powerful an effeét 
in congelations, or very nearly fo, as the fpirit of nitre 
itfelf. ; 
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Thé feveral liquid fubftances which produce cold, in 
the fame manner as the dry falts on being mixed with 
ice, are much more fpeedy in their action than the 
falts: becaufe they immediately and much more inti- 
mately come into contact with the particles of the ice, 
than-the falts can. Of this nature are fpirit of nitre, 
fpirit of wine, &c. To produce the expected de; 
of cold, it is always neceflary that the ice and the added 
matter, whatever it be, fhould both run together, 
and, intimately uniting, form one clear fluid. It is 
hence that no new culd is produced with oil, which, 
though it melts the ice, yet cannot mix itfelf into a ho- 
mogeneous liquid with it, but muft always remain float- 
ing on the furface of the water that is produced by the 
melting of the ice. Mem. Acad. Scienc. Par. 1734. 

It has been difcovered, that fluids ftanding in a 
current of air, grow by this means much colder 
than before. Fahrenheit had long fince obferved, that 
a pond, which ftands quite calm, often acquires a de- 
gree of cold much beyond what is fufficient for Freez- 
ing, and yet no congelation enfued: but if a flight 
breath of air happens in fuch a cafe to brufh over the 
furface of the water, it {tiffens the whole in an inftant. 
It has alfo been difcovered, that all fubftances grow 
colder by the evaporation of the fluids which they con- 
tain, or with which they are mixed.. If both thefe 
methods therefore be practifed upon the fame body at 
the fame time, they will increafe the cold to almoft any 
degree of intenfenefs we pleafe. 

ut the moft extraordinary inftances of artificial 
Freezing, have fince been made in Ruffia, at Hudfon’s 
bay, and other parts, by which quickfilver was frozen 
into a folid mafs of metal. And the fame thing had 
before happened from the natural cold of the atino- 
{phere alone, in Siberia. In the winter of 1733, Pro- 
f for Gmelin, with two other gentlemen of the Ruf. 
fian Academy, were fent by Anne Ivanouna, the new 
emprefs, to explore and delesthe the different parts of 
her Afiatic dominions, with the communication of Afia 
and America, In the winter of 1734-5, Mr. Gmelin 
being at Yenefeifk in 58° 30’ north lat. and 92° long. 
eaft from Greenwich, firft obferved fuch a defcent of 
the mercury, as mult have been attended with congela- 
tion, being far befow its Freezing point, now fixed at 
. = 400f Fahrenhcit’sthermometer. “ Here, fays he, 
we firft experienced the truth of what various travellers 
have related with refpe& to the extreme cold of Sibe- 
via; for, about the middle of December, fuch fevere 
weather fet in, as we were fure had never been known in 
our time at Peterfburg. The air feemed as if it were 
frozen, with the appéarance of a fog, which did not 
fuffer the fmoke to afcend as it iflued from the chim- 
neys. Birds fell down out of the air as dead, and 
froze immediately, unlefs they were brought into a 
warm room. Whenever the door was opened, a fog 
fuddenly formed round it. During the day, fhort as it 
was, parhelia and haloes round the fun were frequently 
feen; and in the night mock moons, and haloes about 
the moon. Finally, our thermometer, not fubje& to 
the fame deception as the fenfes, left us no doubt of the 
exceffive cold ; for the quickfilver in it was reduced, on 
the sth of anal old ftyle, to — 120° of Fahren- 
heit’s feale, lower than it had ever been obferved in na- 
ture,’ 
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The next inftance of congelation happened at Ya- 
kuthk, in 62° north lat. and 150° eaft longitude. The 
weather here was unufually mild for the climate, yet 
the thermometer fell to —72°; and. one perfon in- 
formed the profeffor by a note, that the mercury in 
his barometer was-frozen. He hastened immediately 
to his houfe to behold fuch a furprifing phenomenon ; 
but though he was witnefs to the fact, obferving that 
the mercury did not continue in one column, but was 


divided in different places as into little cylinders, which 


appeared frozen, yet the prejudice he had entertained 
againit the poffibikity of the congelation, would not al- 
low him to believe it. 

Another fet of obfervations, in the eourfe of which 
the mercury muft frequently have been congealed,” were 
made by profeffor Gmelin at Kirenga fort, in 574 
north lat., and 108 eaft long. ; his thermometer, at 
different times, ftanding at —108, — 86, ~100, —113, 
and many other intermediate degrees ; in the courfe of 
the winter of 1737-8. On the 27th of November, after 
the thermometer had been ftanding for two days at 
~46°, he found it funk at noon to —108. Sufpedt- 
ing fome miftake, after he had noted down the obferva- 
tion, he inftantly ran back, and found it at ~102 3 but 
afcending with fuch rapidity, that in the {pace of half’ 
an hour it had rifen to —49% This phenomendn,. 
which appeared fo furprifing, doubtlefs depended on 
the expaniion of the mercury frozen in the bulb of the 
thermometer, and which now melting, forced upwards 
the {mall thread in the ftem. And fimilar appearances. 
were obferved on other days afterwards, when the: 
thread of quickfilver in the thermometer was feparated 
about 6 degrees. 

A {econd inftance where a natural congelation of mer» 
cury has certainly been obferved, is recorded in the 
tranfaGtions of the Royal Academy of Sciences at ' 
Stockholm, as made by Mr. Andrew Hellant. The 
weather, in January 1760, was remarkably cold in 
Lapland ; fo that on the sth of that month, the ther. 
mometers, fell to ~76, ~128, or lower; on the 23d. 
and following days they fellto —58, --79, —g2, and 
below —238 entirely into the ball. This was obferved 
at four different places in Lapland, fituated between. 
the 65th and 78th deprees of north lat. and, the ait 
and 28th degree of eaft longitude. 

But.the congelation of quickfilver, by an artificial 
Freezing mixture, was firft obferved, and put beyond 
doubt, by Mr. Jofeph Adam Braun, profeflor of philo- 
fophy at Peterfburg. This gentleman withing to try: 
how many degreés of cold he could produce, availed 
himfelf of a good opportunity which offered for that 
purpofe on the r4th of December 1759, when the 
mercury in the thermometer ftoad in the natural cold at 
—34, which it is now known is only § or 6 degrees. 
above its point of congelation. Affifting this natural. 
cold that with a mixture prepared of aquafortis and: 

unded ice, his thermometer was funk to —69. Part, 
of the quickfilver muft now have been really congealed,. 
but unexpected by him,, and he only thought of pur. 
fuing his object of producing ftill greater degrees of 
cold; and having expended all his pounded ice, he was. 
obliged to ufe toe inftead of it. With this freth. 
mixture the mercury funk to ~100, —240, aad 
—350°% Taking the thermometer out, he found it 

whole, - 
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whole, but the quickfilver fixed, and it continued fo 
for 12 minutes. On repeating the experiment, with 
another thermometer which had been graduated no 
lower than —220, all the mercury funk into the ball, 
and became folid as before, and did not re-afcend till af- 
tera ftill longer interval of time. Mr. Braun now fuf- 
petted that the quickfilver was really frozen, and pre- 
pared for pakng a decifive experiment. This was ac- 
complifhed on’ the 25th of the fame month, and the 
bulb of the thermometer broken as foon as the metal 
was congealed; when it appeared that the mercury was 
changed into a folid and fhising metallic mafs, which 
flatted and extended under the ftrokes of a pettle, being 
rather lefs hard than lead, and yielding a dull found like 
that metal. Mr. ZEpinus made fimilar experiments, at 
the fame time, employing as well thermometers as 
tubes of alarger bore; in which laft he remarked, that 
the quickfilver fell fenfibly on being frozen, afluming 
a concave furface, and likewife that the congealed 
pieces funk in fluid mercury: alfo, in their farther ex- 
periments, they invariably found that the mercury funk 
Jower when the whole of it was congealed, than if any 
part -of it remained fluid: all: fhewing that, contrary 
to water, mercury contraéted in Freezing. It was 
farther obferved, that the mercury when congealed 
looked like the moft polifhcd filver, and when beaten 
flat, it was eafily cut with a penknife, like foft thin 
fheet lead. 

“The fa&k being thus eftablifhed, and fluidity no 
longer to be confidered as an effential property of 
quickfilver, Mr. Braun communicated an account of 


his experiments to the Peterfburg academy, on the 6th — 


of September 1760; of which a large extract was in- 
ferted in the Philof. T'ranf. vol. 52, pa. 156. He af. 
terwards declared that he never fuffered a winter to pafs 
without repeating the experiment of Freezing quick- 
filver, and never failed of fuccefs when the natural cold 
was of a fufficient ftrength for the purpofe ; and this 
‘degree of rmataral cold he fuppofes at —10 of Fahren- 
heit; though fome commencement of -the congelation 
might be perceived when the temperature of the air 
was ashighas + 2. ; P 

The refults of all his experiments were, that with the 
abovementioned frigorific mixtures, and once with rec- 
tified {pirits and fnow, when the natural cold was at 
~—28°, he congealed the quickfilver, and difcovered 
that it isa real metal that melts with a very {mall degree 

of heat. However, not perceiving the neceffary con- 
fequence of its great contraction in Freezing, he al- 
ways confounded its point of congelation with that of 

- its greateft contraction in Freezing, amd thus marked 
the former a great deal too low. 

In the procefs of his obfervations, Mr. Braun found 
that double aquafortis was more effectual than fpirit of 
nitre ; but with this fimple fpirit, which feldom brings 
the mercury lower than —148, this metal may be 
frozen in the following manner : Six glaffes being filled 
with {now as ufual, and the thermometer put in one of 
them, the fpirit of nitre was poured upon it; when 
the mercury would fall no lower inthis, the thermome- 
ter was removed to the fecond, and fo on to the third 
and fourth, in which fourth immerfion the mercury was 
congealed. 


M:. pinus gives the following diretion for ufiag 
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the’ fuming fpirit of nitre: Take fome of this fpirit, 
cooled as much as poffible, and put it into a wine glafs 
till it be about half full, filling it up with fnow, and 
ftirring them till the mixture become of the confiftence 
of pap; by which means you obtain, almoft in an in- 
ftant, the neceflary degree of cold for the Freezing of 
quickfilver. 

It is remarked by Mr. Braun, that by the mixture of 
{now and fpirit of nitre, which froze the mercury, he 
never was able to bring thermometers, filled with the 
mott highly rectified {pirit of wine, lower than ~148: 
fo that the cold which will freeze mercury, will not 
freeze fpirit of wine ; and therefore {pirit thermometers 
ate the moft fit to determine the degree of coldnefs in 
frigorific mixtures, till we can conitru& folid metallic 
thermometers with fufficient accuracy. Mr. Braun 
tried the effets of different Fluids in his frigorific mix- 
tures: he always found that Glauber’s fpirit of nitre 
and double aquafortis were the moft powerful; and 
from a number of experiments made when the tempe- 
rature of the air wasbetween 21 and 28 of Fahrenheit, 
he, concludes, that {pirit of falt pounded upon {now 
increafed the natural cold 36°; {pirit of fal ammoniac, 
12; oil of vitriol, 42 ; Glauber’s fpirit of nitre, 70; 
aquafortis, 48; fimple {pirit of nitre, 36; dulcified 
Spirit of vitriol, 24 Hoftman’s anodyne liquor, 38; 
pirit of hartthorn, 12; fpirit of fulphur, 12; fpirit 
of wine reGtified, 24 ; camphorated {pirit, 18; French 
brandy, 143 and feveral kinds of wine increafed the 
natural cold to 7, 8, or 9 degrees. 

The moft abate congelation of mereury, by 
natural cold, that has ever been obferved, was that re- 
lated by Dr. Peter Simon Pallas, who had been fent by 
the emprefs of Ruffia, with fome other gentlemen, on 
an expedition fimilar to that of Mr. Gmelin. Being at 
Krafnoyarfk in the year 1772, in north lat. 56° 30’, 
and eaft long. 93°, he had an opportunity of obferving 
the phenomenon we {peak of. On the 6th and 7th of 
December that year, fays he, there happencd the 
greated cold I have ever experienced in Siberia: the air 
was calm at the time, and’ feemingly thickened; fo 
that, though the fky was in other refpeés clear, the 
fun appeared as through a fog, I had only one {mall 
thermometer left, in which the fcale went no lower 
than 7°; andon the 6th in the morning, I remarked 
that the quickfilver in it funk into the ball, except fome 
fhort columns which ftuck fait in the tube. When the 
ball of the thermometer, as it hung in the open air, 
was touched with the finger, the quickfilver rofe; and 
it could plainly be feen that the folid columis tuck and 
refitted a good while, and were at length pufhed up- 
ward with a fort of violence, He alfo placed upon 
the gallery, on the north fide of his houfe, fome 
quickfilver in an open bowl. Within an hour he found 
the edges and furface of it frozen folid; and fome mi- 
nutes afterward the whole was condenfed by the natu- 
ral cold into a foft mafs very much like tm. While 
the inner part was ftill fluid, the frozen furface exhi- 
bited a great variety of branched wrinkles; but in ge- 
neral it remained pretty fmooth in Freezing. The 
congealed mercury was more flexible than lead; but on 
being bent fhort, it was found more brittle than tin; and 
when hammered out thin, it feemed fomewhat granu- 
lated. When the hammer was not perfectly cooled, the 
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pear melted away under it,in drops; and the 
lame thing happened when the metal was touched 
with.the finger, by which alfo.the finger was im- 
mediately benumbed. When the frozen mafs was 
broken to pieces in the cold, the fragments adhered 
to each other and to the bowl in which they Jay. In 
the warm room it thawed on its furface gradually, by 
drops, like wax on the fre, and did not melt all at once. 
Although the froft feemed to abate a little towards 
night, yet the congealed quickfilver remained unalter- 


ed, 2nd the experiment with the thermometer could - 


. till be repeated. On the 7th of December he had an op- 
portunity of making’ the fame obfervations all day ; but 
fome hours after funfet, a northweft wind fprung up, 
which raifed the thermometer to ~46°, when the ma{s 
of quickfilver began to melt. 

‘The experiments of Mr. Braun were fuccefsfully 
repeated at Gottingen, in 1774, by Mr. John Frede- 
nick Blumenbach ; being enceuraged to this attempt by 
the exceffive cold of the winter that year, efpecially the 
night-of January the 11th, when he made the experi- 
ment, the thermometer flanding at —10 in the open 
ait.. Mr. Blaumenbach at 5 in the evening, put 3 
drachms of quickfilver into a fmall fugar glafs, and co- 
vered it with a mixture of fnow and Egyptian fal am- 
moniac, fetting the glafs out inthe air upon a mixture 
alfo of falammoniac. At one the next morning, the 
mercury was found frozen quite folid, and hard to the 
glafe; and did not melt again till 7 or 8 the next 
morning. ‘The colour of the frozen mercury was a 
dull pale white with.a blucifh caft, like zinc,. very: dif- 
Krent from the natural appearance of quickfilver. 

In the year 1775, by fimilar means, quickfilver was 
twice frozen by Mr. Hutchins, governor of Albany 
fort, in Hudfon’s bay,, viz, in. the months of January 
and February of that year. And the fame was done on 
the 28th of energy 1776, by Dr. Lambert Bicker, 
Secretary of Rotterdam. The temperature of the at- 
mofphere was then at + 2°; and-the loweft it could 
reduce the thermometer by artificial cold, was ~943 
when, on breaking the glafs, the mercury was found’ 
frozen, 

In the beginning of the year 1780, M. Von Elterlein 
of Vytegra, a town of Roffia, in lat, 61° north, and 
long. 36° eatt, froze quickfilver by natural cold. On 
the 4th of January 1780, the cold being increafed 
to — 34 that evening at Vytegra, he expofed to the 
open air 3 ounces of very pure quickfilver in a china 
teacup, covered with paper pierced full of holes, 
Next day, at 8 in the morning, he found it folid, and 

+ looking like a piece of caft lead, with a confiderable de- 
preffion in the middie. On attempting to loofen it in 
the cup, his knife raifed fhavings from it as if it had 
Been lead, which remained flicking up ; and at length 
the metal feparated from the bottom of the cup in one 
mafs, He then took it in his hand to try if it would 
bend: it was ftiff like glue, and broke into two pieces; 
but his fingers immediately loft all feeling, and could 
fcarcely be reitoredin an hour anda half by rubbing 
with fnow. At 8 o’clock the thermometer ftood at 
—57; but half after 9 it was rifen to —40; and then 
the two pieces of mercury which lay in the cup had 
lof& fo much of their hardnefs, that they could no 
longer be broken, “or cut into fhavings, but refembled 
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a thick amalgam, which, though it became fluid: 
when prefled by the fingers, immediately afterwards 
refumed the confiftence of pap. With the thermo- 
meter at ~39, the quickfilver became fluid. The cold 
was never lefs on the 5th than —28, and by 9 in the 
eran it had increafed again to — 33. This experi- 
ment feenis to ix the Freezing point of mercury at 
—40 of Fabrenheit’s thermometer, or go below 0; 
which is 72° below the Freezing point of water. 

In the winter of 1781 and 82, Mr. Hutchins re- 
fumed the fubjeét of Freezing quickfilver by artificial 
cold, with fuch fuccefs, that from his experiments and 
thofe of M. Von Elterlein, laft mentioned, the Freeze 
‘ing point of mercury is now almott as well fettled, viz 
at —40, as that of water is at + 32. Other philofo 
phers indeed had not been altogether inattentive to this 
fubject. Profeffor Brawn himfelf had taken great 
pains to inveftigate it ; but for want of a proper atten- 
tion to the difference between" the contraction of the 
fluid mercury by cold, and that of the congealing me- 
tal by Freezing, he could not determine any thing cer- 
tain concerning it. 

An inftance of the natural congelation of quickfilver 
alfo occurred in Jemptland, one of the provinces of ” 
Sweden, on the 1f of January 1782:; and laftly, on 
the 26th of the fame month, Mr. Hutchins obferved? 
the fame effeét of the cold at, Hudfon’s bay ; when he 
found that at the point of ifs Freezing a mercurial‘ 
thermometer ftood at —40, and a fpirit thermometer 
at —30. 

Or this fubjea, fee the Philof. Trranf. vol. 51, pa. 
672.5 vol. 52, pa. 156 5 vol. 66, pa. 1743 vol. 73, pa... 
303 and 3253 vol. 76, pa. 2413 vol. 77, pa. 2853 
vol, 78, pa. 433; and feveral others,: particularly vol. 
79 pa. 199, &e, se experiments on the congelation 
of quickfilver in England, by Mr. Richard Walker, 
where he proves. that mercury may be frozen not only 
in England in fummer, but even in the hottett climate, . 
at auy feafon of the year, and without the ufe of 
iceor fnow. 

Freezinc Point, denotes. the point or degree of 
cold, fhewn by a mercurial thermometer, at which - 
certain flnids begin to freeze, or, when frozen, at 
which they begin to. thaw again.. On Fahrenheit’s ; 
thermometer, this point is at 4+ 32-for water, and at 
+40 for quickfilver, thef¢ fluids freezing at thofe two 
points refpestively. It would alfo be ell if the Freez~ 
mg points for other fluids were afcertained, and the 
whole arranged in a table. 

Frrezine Rain, or Raining Ice, avery uncommon. 
kind of fhower which fometimes falls, particularly 
one in December 1672, in the weft of England: of 
which fome accounts are given in the Philof, Tranf.. 
number go. 

This rain, as foon as it touched any thing above 
ground, as a bough, or the like, immediately fettled 
into ice 5 and by enlarging and multiplying the icicles,. 
it broke all down with its weight. ‘The rain that fell 
on the fnow, immediately froze into ice, without fink. 
ing in the fnow at all. : 

it made an amazing deffruction of trees, beyond any 
thing in all hiftory.. “ Had it concluded with fome 
uft of wind, fays a gentleman on the fpot, it might 
fase been of terrible confequence. Having weighed 
. the 
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the-fpeff of an ath tree, the wood .of which was jufk 
three quarters of a. pound, the ice apen it amounted to 
36 pounds. Some.were frighted with the noife ig the 
air ; till they difcerned it was the clatter of icy boughs 
dathed againit each other* Dr. Beale obferves, that 
there was no confiderable froft perceived on the ground 
during the. whole ; from which he concludes, that -a 
froft may be very fierce and dangerous on the tops of 
fome hills, while in other places it keeps at fome. feet 
above the. ground ; and may wander about very farious 
in fome places, and be remifs in others.not far off. This 
rain was followed by glowing heats, and a wonderful 
forwardnefs of vegetation. , 

FRENICLE (Berwarp), a celebrated'French ma- 
thematician of the 17th century. He was the contem- 
porary and companign of Des Cartes, Fermat, aad the 
other learned mathematicians of their time. He was 
admitted “Geometrician. of. the French Academy. in 
1666 ; and diedin 1675. 

He had many papers infertedin the Ancient Memoirs 
of the Academy, of 1666, particularly in vol. 5, of 
that collection, viz, 1. A method of refolvmg pre- 
lems by Exclufions.—2. Treatife of right-angled Tri- 
angles in Numbers.—3, Short tract on Combinations. 
—4. Tables of Magic. Squares—-5. General method 
of making Tables of Magic Squares. - 

FRESCO, isa fort-of painting whichis. made upoa 

fore 


the paiene of. walls before it is‘dry. 
FRIABILITY, the property of a. body that: is: 
Friable. . 


FRIABLE, a quality of bodies by which they are 


rendered tender and brittle, eafily crumbled.or reduced: 


ta powder between the fingers ; -their force of.cohefion. 
being fuch as eafily expofes them to. fuch folation. 


Such are pumice, and all calcined ftones, burnt allum, . 


&ec. 

It is fuppofed that Friability arifes from hence, that 
the body confifts wholly of dry parts irregularly com- 
bined, and, which are readily feparated, as having no~ 
thing unQuous or glutinous to bind them together... 

FRICTION, the a@: of rubbing or grating the 
Surfaces of bodies againft or over each other, called alfo 
Attrition. 

The phenomena arifing from the Friftion -of divers 
bodies, under different circumftances, -are very. numes 
rous and confiderable. Mr. Hawkfbee gives a num- 
ber of experiments of this: kind; particularly of the 
attrition or FriGion of glafs, under various circum- 
ftances ; the refult of which was, that it yielded light, 
and became electrical, Indeed all bodies’ by Frittion 
are brought to conceive heat; many of them to emit 
hight ; particularly acat’s back, fugar, beaten fulphur, 
mercury, fea water, gold, copper, &c, but above all 
diamonds, which when brifkly rubbed againit glafs, 
gold, or the like, yield alight equal to that of a live 
coal when blowed by the bellows. 

Faicrion, im Mechanics, denotes the refiftance a. 
moving body meets with from the furface on which it 
moves. 

FriGtion arifes from the roughnefs or afperity of the. 
furface of the body moved on, and that of the body 
moving: for fuch furfaces confifting alternately of emi- 
nences and cavities, either the eminences of the one 
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both broken and worn off: but neither cas happen 
without motion, nor can motion be produced” without 

a force impreffed. Hence the force applied to move 
the body is either wholly or partly fpent on. this effect ; 
and confequently there arifes a refiitance, or. FriGtion, 
which will be greater as the eminences are greater, 
and the fubftance the harder ;‘and as the body, by 
continual FriGtion, becomes more and more palifhed, . 
the Friétion diminifhes. 

As the FriGtion is lefs in a body that rolls, tham when 
it flides, hence in machines, left the FriGtion fhould em- 
ploy a great part of the power, care is to be taken that 
no part of the machine flide along another, if it can be 
avoided ; but rather that they roll, or turn upon each 
other, With this view it may be proper to lay the 
axes of cylinders, not in a groove or concave matrix, a3 
ufual, but between little wheels, called Fri@tion wheels, 
moveable on their re{petive axes: for by this contri~ 
vance, the Friction is transferred from the. circumft. 
rence of thofe wheels to their pivots. And in like 
manner the Fri€tion may be ftill farther diminithed, by 
making the axis of thofe wheels reft upon other Fri@tion 
wheels that turn round with them. This was long 
fince recommended by P. Cafabus; and experience con- 
firms the truth of it. Hence alfo it is, that a pulley 
moveable on its axis refifts lefs than if it were fixed, and 
the cord fliding over the circumference. And:the fame 
may be obferved of the wheels of coaches, and other 
carriages. Indeed about 20 years ago FriGion balls 
or rollers were placed within the naves of carriage 
wheels by fome perfons, particularly a Mr. Varlo; and 
lately Mr. Garnett had a patent for an improved man- 
ner of applying FriGion wheels to any axis, as-of car- 
riages, blocks or pulleys, fcale beams, &c,. in which 
the inclofed wheels or. rollers are kept always at the 
fame diitance by connecting rods or bars. 

From thefe principles, with the affiftance of the 
higher geometry, Olaus Roemer determined the figure 
of the teeth of wheels, that fhould make the Teatt re. 
fiftance poffible, which he found fhould be epicycloids. 
And the fame was afterwards demonitrated by De la 
Hire, -and Camus. 

M. Antontons, by experiment, attempted to fettle- 
a foundation for the precife calculation of the quantity 
of Frition ; which M. Parent endeavoured to confirm 
from reafoning and geometry. M.Amontons’ princi- 
ple is, that the Fridiion of two hodics depends onl 
on the weight or force with which they prefs cack 
other, being always more or lefs in proportion to that 
preffure ; efteeming it a vulgar error, that the quantity 
of Fri€tion has, any dependence on the extent of the 
furface that is rubbed, or that the Frition increafes 
with the furface : arguing that it will require the fame 
weight to draw along a a a piece of wood on its 
narrow edges as on its broad and flat fide ; becaufe, 
though on the broad fide there be 4 times the number 
of touching particles, yet each particle is preffed with 
but { of the weight bearing on thofe of the narrow , 
fide ; and fince 4 times the number multiplied by £ of 
the weight is equal to 2 of the number multiplied by 4 
times the weight, it is plain that the effect, that is, the 
refiftance, is equal in both cafes, and therefore requires 
the fame force to overcome it. 

Onthe firit propofal of this paradox, M. De la Hire 
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very properly had recourfe to experiments, as the beft 
tell, had they been judicioufly performed : fuch as they 
were however, they fucceeded in favour of this fyftem. 
He laid feveral pieces of rough wood ona rough table 5 
their fizes were-unequal ; but he laid weights on them, 
fo as to render them all equally heavy : and he found 
that the fame precife force, or weight, applied to them 
by a little pulley, was required to put each in mation, 
notwithftanding all the inequality of the furfaces. The 
experiment fucceeded in the fame manner with pieces 
of marble, Iaid on a marble table. After this, by 
reafoning, M. de la Hire gave a phyfical folution of 
the effeét. And M. Amontons fettled a calculus of 
the value of Frigtion, with the lofs fuftained by it in 
machines, on the foundation of this new principle. In 
wood, iron, lead, and brafs, which are the chicf materials 
ufed in machines, he makes the refiftance caufed by Fric- 
tion to be nearly the fame in all, when thofe materials 
are anointed with oil or fat : and the quantity of this 
refiftance, independent of the magnitude of the furface, 
he makes nearly equal to a third part of the weight 
of the body moved, or of the force with which the two 
bodies are’ preffed together. Qthers have obferved, 
that if the furfaces be hard and well polifhed, the 
Frition will be lefs than athird part of the weight ; but 
if the parts be foft or rugged, it will be much greater, 
It was farther obferved, that in a cylinder moved on 
two fmall gudgeons, or on a fmall axis, the Frifion 
would be diminithed in the fame proportion as the dia- 
meter of thefe gudgeons is lefs thaa the diameter of the 
eylinder ; becaufe in this cafe, the parts on which the 
cylinder moves and rubs, will have lefs velocity than the 
ower which moves it in the fame proportion, which is 
in effe€t making the Friétion to be proportional to the 
velocity. So that, from the whole of their obferva- 
tions, this general propofition is deduced, viz, That 
the refiftances arifing from Fri@tion, are to one ‘another 
in a ratio compounded of the preffures of the rubbing 
parts, and the velocities of their motions. 
which, it is now known from better experiments, are 
both erroncous ; notwithftanding the hypothefis of 
M. Amontons has been adopted, and attempted to be 
confirmed by Camus, Defaguliers, and others. 

M. Mufchenbroek and the abbé Nolict, however, on 
the other hand, have concluded from experiments, that 
the Friion of bodies depends on the magnitude of 
their furface, as well as on their weight. Though the 
former fays, that in {mall velocities the Friction varies 
very nearly as the velocity, but that in great velocities 

- the proportion increafes fatter : he has alfo attempted to 
prove, that by increating the weight ofa body, the FriQion 
doesnot always increafe exaétly inthe fame ratio. Introd. 
ad Phil. Nat. vol. 1, c. 9, and Le&. Phyf, Exp. tom. 7, 
p. 241. Helfham and Fergufon, fromthe fame kind of ex- 
periments, have endeavoured to prove, that the Friction 
docs not vary by changing the quantity of furface on 
which the body moves ; and the latter of thefe afferts, 
that the Frition increafes very nearly as the velocity ; 
and that by increafing the weight, the Fri@ion is in- 
creafed in the fame ratio. Indeed there is fearce any 
fubjeé& of experiment, with regard to which, different 
perfons have formed fuch various conclufions. Of thofe 
who have written on the theory, no one has eftablifhed 
it altogether on true principles, till the experiments 
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lately made by Mr. Vince of Cambridge: Eutery 
whofe theory is extremely elegant, and would have 
been quite fatisfaétory had his principles been founded 
on good experiments, {uppofes the Friétion to vary-in 
proportion to the velocity of the body, and its pref 
fure upon the plane; neither of which is true: and 
others, though they have juftly imagined that Fridtion 
is a uniformly retarding force, have yet retained the 
other fuppofition, and fo rendered their folutions not at 
all applicable to the cafes for which they were ine 
tended, 

For thefe reafonsa new and ingenious fet of experi- 
ments was fuccefsfully inftituted by the rev. Samuel 
Vince, A. M. of Cambridge, which are publithed in the 
‘75th vol. of the Philof. Tranf. p. 165. ‘The objed of 
thefe experiments was to determine, 

iit, Whether Fri&ion be a uniformly retarding 
force. 

2d, The quantity of FriGion. 

3d, Whether FriGion varies in proportion to the 
preffure or weight. : 

4th, Whether the FriGtion be the fame on whichever 
of its furfaces a body moves. 

Mr. Vince fays, “ the experiments were made with 
the utmoit care and attention, and the feveral refults' 
agreed fo very exaétly with each other, that I do not 
feruple to pronounce them to be conclufive.’—« A 
plane was adjufted parallel to the horizon, at the extre- 
mity of which was placed a pulley, which could be 
elevated or depreffed in order to render the tring which 
conneéted the body and the moving force parallel to 
the plane orhorizon. A feale accurately divided was 

laced by the fide of the pulley perpendicular to the 
rizon, by the fide of which the moving force de- 
fcended ; upon the fcale was placed a moveable flage, 
which could be adjufted to the fpace through which 
the moving force defcended in any given time, which 
time was meafured by a well regulated pendulum clock 
vibrating feconds. Every thing being thus prepared, 
the following ‘experiments were made to afcertain 
the law of FriGion. But let me firft obferve, that 
if FriGion be a uniform force, the difference between 
it and the given force of the movin power muft be 
alfo uniform, and therefore the moving body muft de- 
fcend with a uniformly accelerated velocity, and confe. 
quently the {paces defcribed from the beginning of the 
motion muft be as the {quares of the times, juft as 
when there was no Fri@ion, only they will be diminithed 
on account of the Friétion.” “Accordingly the expe- 
riments are then related, which are performed agreeably 
to thefe ingenious and philofophical ideas, and from 
them are deduced thefe general conclufions, which 
may be confidered, as eftablifhed and certain facts or 
maxims. Viz, 

1ft, That Fri€tion is a uniformly retarding force in 
hard bodies, not fubjeét to alteration by the velocity ; 
except when the body is covered with cloth, woollen, 
&c, and in this cafe the Fri€tion increafes a little with 
the velocity. 

2dly, FriGtion increafes in a lefs ratio than the quan- 
tity of matter, or weight of the body. This increafe 
however is different for the different bodies, more or 
lefs; nor is it yct fuffciently known, for any onc 
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body, what proportion the increafe of Fridtion bears to 
the increafe of weight. 

3dly, The fmalleft furface has the leaft Friction ; the 
weight being the fame. But the ratio of the Friction 
to the furface is not yet accurately known. 

Mr. Vince’s experiments confifted in determining 
how far the fliding bodies would be drawn, in given 
times, by a weight hanging freely over a pulley. This 
method would both thew him if the Friction were a 
conftant retarding force, and the other ‘concluiions 
above ftated. For as the fpaces deferibed by any con- 
tant force, in given times, are as the {quares of the 
times ; and as the weight drawing the body is a can- 
ftant force, if the Friction, which aéts iv oppofition to 
the weight, fhould alfo be a conftant force, then their 
difference, or the force by which the body is urged, 
will alfo be conftant, in which cafe the fpaces deferibed 
ought to be as the fquares of the times; which hap- 
pened accordingly in the experiments. 

Mr. Vince adds fome remarks on the nature of the 
experiments which have been made by others, Thefe, 
he obferves, the authors “ have inftituted, To find 
what moving force would ju put a body at reft in mo- 
tion: and they concluded from thence, that the acce- 
Terative force was then equal to the Friétion; but it is 
manifeft, that any force which will put a body in mo- 
tion muft be greater than the force which oppofes its 
motion, otherwife it could not overcome it; and hence, 
if there were no other objection than this, it is evident, 
that the Friétion could not be very accurately obtained; 
but there is another objection, which totally deftroys 
the experiment, fo far as it tends to fhew the quantity 
of Friction, which is the ftrong cohefion of the body to 
the plane when it Hes at reft.” This he confirms by 
feveral experiments, and then adds, ‘* From thefe ex- 
periments therefore it appears, how very confiderable 
the cohefion was in proportion to the Friction when 
the body was in motion ; it being, in one cafe almoft 
4, and in another it was found to be very nearly equal 
to the whole FriGion. All the conclufions therefore 
deduced from the experiments, which have been infti- 
tuted to determine the Fri€tion from the force neceflary 
to put a body in motion (and I have never feen any de- 
{eribed but upon fuch a principle) have manifeftly been 
totally falfe ; as fuch experiments only fhew the refift- 
ance which arifes from the cohefion and Friétion con- 
jointly.” Philof. Tranf. vol. 75, pa. 165. 

Mr. Emerfon, in his Principles of Mechanics, de- 
duces from experiments the following remarks relating 
to the quantity of Fri€tion: When a cubic piece of 
foft wood of 8 pounds weight, move 

lane of foft wood, at the rate of 3 ic 
its Friction is about ; of the weight; but if 1 
the Friction is little lefs than half the weigh: 
fame fuppofition, when both the pieces of 
very fmooth, the Fridtion is about $ of the 
the FriGion of foft wood on hard, or of hard 
upon foft, is $ or 2 of the weight; of hard wo 
upon hard wood, $ or 43 of polifhed fteel moving on 
fteel or pewter, $5 moving on copper or lead, £ of the 
weight. He obferves in general, that metals of the 
fame fort have more Fri@tion than thofe of different 
forts; that lead makes much refiftance; that iron or 
fteel running in brafs makes the leaft FiiGion of any 3 
and that metals oiled make the Fri¢tion lefs than when 
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polithed, and twice as little as when unpolithtd. Defa- 
goles obferves that, in M. Camus’s experimengs on 
mall models of fledges in a€tual motion, there are more 
cafes in which the Fridtion is lefs than where it is more 
than } of the weight. See a table, exhibiting the 
Frition between various fubftances, formed from his 
experiments in Defag. Exp. Philof. vol. 1, p. 193 
&c. alfo p..133 -to 138, and p. 182 to 254, and p. 
458 to 460. On the fubje& of Fri@tion, fee feveral 
vols, of the Philof. Tranf. as vol. 1, p- 2063 vol. 
34) P- 773 vol. 375 p. 3943 vol. §3, pr. 139, &c. 

FRIDAY, the 6th day of the week, fo called 
from Friga, or Friya, a goddefs worthipped by the 
Saxonson this day. It is a faft-day in the church of 
England, in memory of our Saviour’s crucifixion, un- 
lefs Chriftmas-day happen to fall on Friday, which is 
alwaysa feftival. 

Good Frivay, the.Friday next before Eatter, res 
prefenting the day of our Saviour’s crucifixion. 

FRIGID Zone, the {pace about either pole of the 
earth to which the fun never rifes for oue whole day 
at leaft in their winter. Thefe two zones extend 
to about 233 degrees every way from the pole, ae 
their centre. ! 

FRIGORIFIC, in Phyfics, fomething belonging 
to, or that occafions cold.—Some philofophers, as. 
Gaffendus, and other corpufcularians, denying cold to. 
be a mere privation, or abfence of heat, contend that 
there are a€tual Frigorific corpufcles or particles, as 
well as ficry ones: whence proceed cold and heat, But 
later philafepliers allow of no other Frigorific particles 
befide thofe nitrous falts &c, which float in the air in 
cold weather, and occafion freezing. : 

FRIZE, Frizze, or Freeze, in Archite@ure, a 
part of the entablature of columns, between the archi~ 
trave and cornice, 

FRONT, in ArchiteGture, denotes the principal 
face or fide of a building; or that prefented to their 
chief afpeét and view. 

Front, in Perfpe@ive, a projection or reprefenta- 
tion of the face, or forepart of an objeé&, or of that 
part direétly oppofite to the eye, called alfo more 
ufually orthography. 

FRONTISPIECE, in Architeéture, the portale, or 
principal face of a fine building. 

FRONTON, in Architeéture, an ornament among 
us more ufually called Pediment. 

FROST, fuch a ftate of the atmofphere-as caufes the 
congelation or freezing of water or other fluids into ice, 

The nature and effets of Frott in different countries, 
are mentioned under the articles Congelation, and 
Freezing. In the more northern parts of the world,. 
even folid bodies are affeGted by Froft, though this is 
only or chiefly in confequence of the moifture they con- 
tain, which being frozen into ice, and fo expanding as 
water is known to do when frozen, it burfts and rende 
auy thing in which it is contained, as plants, trees, 
Some fluids expand by Frott, 
as water, which expands about ¥.th part, for which 
reafon ice floats in water; but others again contraé, 
as quickfilver, and hence frozen quickilver finks in the 
fluid metal. S 
_ Froft, being derived from the atmofphere, naturally 
proceeds from the upper parts of bodies downwards. 
as the water and the earth: fo, the longer a Froft is, 
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continued, the thicker the ice becomes upon the wa-_ 
ter ih ponds, and'the deeper into the earth the ground 
is frozen. In about 16 or 17 days Froit, Mr. Boyle 
found it had penetrated 14 inches into the ground. At 
Mofcow, in ahard feafon,*the Froft will penetrate 2 
feet deep in the ground ; and Capt. James found it pe- 
netrated 10 feet deep in Charlton ifland, and the water 
in the fame ifland was frozen to the depth. of 6 feet. 
Scheffer affures us, that in Sweden the Freft pierces 2 
cubits, or Swedifh ells into the earth, and turns what 
moifture is found there into a whitifh fubftance, like 
ice; and ftanding waters to 3 ells, or more. The 
fame author alfo mentions fudden cracks or rifts in the 
ice of the lakes of Sweden, 9 or 10 feet deep, and 
many leagues long ; the rupture being made with a 
noife not lefs loud than if many guns were difcharged 
together. By fuch means however the fifhes are 
furnifhed with air; fo that they are rarely found 
dead. ; 

The natural hiftories of Frofts furnifh very extraor- 
dinary eile&s of them. The trees are often {corched, 
and burnt up, as with the moft exceffive heat ; and 
fplit or fhattered. In the great Froft in 1683, the 
trunks of oak, ath, walnut, &c, were miferably fplit 
vand cleft, fo that they might be feen through, and 
the cracks often attended with dreadful noifes like 
the explofion of fire-arms, -Philof. Tranf, number 
165. 

The clofe of the year 1708, and the beginning of 
17 were remarkable, throughout the greateft part 
‘of Europe, for a fevere Froft. Dr. Derham fays, it 
was the -greateft in degree, if aot the moft univer- 
fal, in the memory of man; extending through molt 

arts of Europe, though fearcely felt in Rectland or Ire- 
and, 

In very cold countries, meat may be:preferved by the 
Froft 6 or 7 months, and prove tolerable good eating. 
See Capt. Middleton's chierrations made in Hudfon’s 
bay, in the Philof. Tranf. no. 465, fe&. 2. In that 
climate the Froft feems never out of the ground, it 
having been found hard frozen in the two fummer 
months. Brandy and fpirit of wine, fet out in the 

‘pen air, freeze to folid ice in 3 or 4 hours. Lakes 
and ftanding waters, not above 10 or 12 feet deep, are 
frozen to the ground in winter, and all their fifh pe- 
rith. But in rivers, where the current of the tide is 
ftrong, the ice does not reach fo deep, and the fifh are 
preferved, Id. ib. 

Some remarkable inftances of Froft in Europe, and 
chiefly in England, are recorded as ‘below: In the 
year 


220, Froft in Britain that lafted 5 monthst 
250, The Thames frozen 9 weeks. 
291, Moft rivers in Britain frozen 6 weeks, 
359, Severe Froft in Scotland for 14 weeks. 
508, The riversin Britain frozen for 2 monthe. 
558, The Danube quite frozen over. 
695, Thames frozen 6 weeks; booths built on it. 
950, Froft from O4. 1 till Feb. 26, 760. 

* 827, Froft in England for 9 weeks. ~ 
859, Carriages ufed on the Adriatic fea, 
908, Moft rivers in “England frozen 2 months. 

23, ‘The Thames frozen 13 weeks. 

o$s, Froft tafted 120-days: began Dec. 22. 
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Severe ‘Froft.on June-24 :° the -corn and fruits 
deftroyed. 
The Thames frazen.14. weeks. 
Froft in England from Novy. till April. 
Several wooden bridges carried away by ice. 
Froft from Jan. 14 till March 22. 
Froit that latted 13 weeks. 
From Nov. 24 till Feb. ro. 
down to Gravefend. 
Froft for 13 weeks. 
Severe Froit:for many weeks. 
The fame for many weeks, 
One for 9 weeks. Began Dec, 24. 
Severe.Freft for many weeks. 
Severe Froft in Ruffia. 
Severe one in England. 
The fame in Germany. 
1776, The fame in England. 
1788, Thames frozen below bridge 3 ‘booths.on it. 

Hoar Frost, isthe dew frozen or congealed, early 
in cold mornings;:chiefly in autumn, Though many 
Cartefians will have it formed of a cloud; and either 
congealed.in the cloud, and folet fall; or ready to be 
congealed as foon as it arrives at the earth. 

Hoar Froft, M. Regis obferves, confifts of an affem- 
blage of little parcels of ice cryitals; which are of va- 
rious figures, according to the different difpofition of 
the vapours, when met and condenfed by the cold. 

FRUSTUM, in Geometry, is the part of a folid 
next the bafe, left by cutting off the top, or fegment, 
‘by a plane parallel to the bafe: as the Fruftum of a 
pyramid, of a cone, of a conoid, of a {pheroid, or of a 
{phere, which is any part comprifed between two pa- 
rallel.circular feGtions ; and the Middle Fruftum of a 
fphere, is that whofe ends are equal circles, having the 
centre of the {phere in the middle of it, and equally dif- 
tant from both ends. 

For the Solid Content of the Fruflum of a cone, or of 
any pyramid, whatever kee the bafe may have. Add 
into one fum, the areas of the two ends and tlie mean 
proportional between them ; then } of that fur will be 
a mean area, or the area of an equal prifm, of the fame 
altitude with the Fruftum, and confequently that 
mean area being multiplied by the height of the Fruf 
tum, the produ will be the folid content of it. 

That is, if A denote the area of the greater end, 
a that of the lefs, and 4 the height ; 
then A +a + ./Aa x +h is the folidity. 

‘Other rules for pyramidal or conic Fruftume may be 
feen in my Menfuration, ‘p. 189, 2d edit. 1788. 

The curve Surface of the Zone or Fruflum of a fplere 
is had by multiplying the circumference of the {phere 
‘by the height of the Fruftum. Menfur. p. 197. 

And the Solidity of the fame Fruftum is found, by add- 
‘ing together the fquares of the radii of the two ends, 
and ; of the {quare of the height of the Fruftum, then 
smultiplying the fum by the faid height and by the 
mumber 1°5708. That is, R* + r* + 347 X Gph is 
the folid content of the fpheric Fruftum, whofe height 
is &, and the radii of its ends R and r, p being = 
3°1416. Menfur. p. 209. 

For the Fruitums of fpheroids, and conoids, either 
.parabolic or hyperbolic, fee Menfur. p. 326, 328, 3325 
282, 425. And in p. 486 &c, are general theorems 
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‘conoid, terminated by parallel planes; when compared 
with a cylinder of the fame altitude, on a bafé equal to 
the middle fe€tion of the Fruflum made by a parallel 
plane. ‘The difference between the Fruftum and the 
cylinder is always the fame quantity, in different parte 
of the fame, or of fimilar folids, or whatever the mag- 
nitude of the two parallel ends may be ; the inclination 
-of thofe.ends to the axis, and the altitude of the Fruf 
tum being given; and the faid conftant difference is $ 
part of a cone of the fame altitude with the Fruftum, 
and the radius of its bafe is to that altitude, as the 
fixed axis is to the revolving axis of the Fraftum. Thus, 
if BEC be any conie fection, or 
a right line, or a circle, whofe 
axis, or a part of it, is AD; 
AB and CD the exireme ordi- 
nates, FE the middle ordinate, 
AF being = FD; then taking, 
as AD to DK, fo is the whole 
fixed axis, of which AD is a 
part, to its conjugate axis; and completing the paralle- 
Jogram AGHD: then if the whole figure revolve about 
the axis AD, the line BEC will generate the Fruftum 
of the cone or conoid, according as it is a right line or 
a conic feétion, or it will generate the whole folid when 
AB vanifhes, or A and B meet in the fame point ; like- 
wife AGHD will generate a cylinder, and ADK a 
cone: then is the 4th part of this cone always equal 
to the difference between the faid cylinder generated 
by AGHD and the folid or Fruftum generated by 
ABECD ; having all the fame altitude or axis AD. 

In the parabolic conoid, this difference and the cone 
vanifh, and the Fruftum, or whole, conoid ABECD, 
is always equal to the cylinder AGHD, of the fame 
altitude. : 

In the fphere, or fpheroid, the Fruftum ABECD 
is fefs than the cylinder AGHD, by } of the cone 
AKD. And 

In the cone. or hyperboloid, that Fruftum is greater 
‘than the cylinder, by 3 of the faid cone AKD, which 
is.fimilar ta the other cone IBCD. 

It may he obferved, that the fame relations are true, 
whether the ends of the Fruftum are perpendicular or 
oblique to the axis. And the fame will hold for the 
Fruftum of any pyramid, whether right or oblique ; 
and fuch a Fruftum of a pyramid will exceed the prifm, 
-of the fame altitude, and upon the middle fection of 
the Fruftum, by 2 of the fame cone. 

It has been obferved, that the difference, or 3 of the 
cone AKD, is the fame, or conftant, when the altitude 
and inclination of the ends of the Fruftum remain the 
fame. But when the inclination of the ends varies, the 
altitude being conftant ; then the faid difference varies 
fo as to be always reciprocally as the cube of the con- 
jugate to the diameter AD. And when both the alt 
tude and inclination of the ends vary, the differential 
‘cone is as the cube of the altitude direétly, and the 
cube of the faid conjugate diameter reciprocally : but 
if they vary fo,-as that the altitude is always reciprocal- 
jy as that diameter, then the difference.is a conftant 
quantity. 

» Another general theorem for Fruflums, is thit. Tn the 
Frafium of any folid, generated by the revolution of 


any conic feétion about its axis, if to the fum of the 
Vout © : 
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two ends be added 4 titnes the middle fectién, # of the 
laft fum will be a mean area, and being drawn into, the 
altitude of the folid, will produce the content. fhat 
is AE + DC + 4¥E x 3 AD is the content of 
ABCD. 

And this theorem is general for all Fruftums, as well 
as the complete folids, whether right or oblique to the 
axis, and not only of the folids gegerated from the 
circle or conic feétions, but alfo of all pyramids, cones, 
and in fhort of any folid whofe parallel {eCtions are 
fimilar figures. 

The fame theorem alfo holds good for any parabolic 
area ABECD, and is very nearly true for the avea of 
any other curve whatever, or for the content of any 
other folid than thofe above mentioned. 

FUGUE, in Mufic, is when the different parts ‘of 3 
mufical compofition fullow each other, each repeating 
in order what the firlt had performed. 

FULCRUM, or Prop, in Mechanics, is the fixed 
point about which a lever &c turns and moves. 

FULGURATING Phofphorus, a term ufed by 
fome Englifh writers, to exprefs a fubftance of the 
phofphorus kind. It was prepared both in a dry and 
liquid ftate, but the preparation it feems was not well 
known to any but the inventor of it. This matter not 
only fhone in the dark in both ftates, but communi- 
cated its light to any thing it was rubbed on, Whea 
inclofed ina glafs veffel well ftopped, it fometimes would. 
Falgurate, or throw out little flafhes of light, and fome- 
times fill the whole phial with waves of flame. It docs 
not need recruiting its light at the fire, or in the fun- 
fhine, like the phofphorus of the Bolognian ftone, but 
of itfelf continues in a ftate of fhining for feveral years 
together, and is feen as foon as .expofed in the dark ; 
the folid or dry matter always refembling a burnin; 
coal of fire, though not confuming itfelf. Philof. 
‘Tranf. N° 134. 

FULIGINOUS, an epithet applied to thick fmoke 
or vapour replete with foot or other crafs matter. 

In the firlt fufion of lead, there exhales a great deal 
of Fuliginous vapour, which being retained and col- 
le&ted, makes what is called Litharge. And Lamp- 


“black is what is gathered from the Fuliginqus vapoups 


of pines, and other refinous wood, when burnt. 

FULMINANT, Furminans, or Fur minaTinG, 
an epithet applied to fomething that thunders, or makes 
a noife like thunder. 

Auram Fuuminans. See Avaum. 

Pulvis Fuumixans, is a compofition of 3 parts of 
nitre, 2 parts of falt of tartar, and 4 of fulphur.—Both 
the Aurum and Pulvis Fulminans produce their effect 
chiefly downwards; in which they differ from gun- 
powder, which aéts in orbem, or all around, but prin- 
cipally upwards. When the compofition is laid in 
brafs ladles, and fo fet on fire, after fulmination, the 
ladles are often found perforated. It differs alfo from 
ee in this, that it does not require to be con- 

ned, in order to fulminate, and it muft be flowly and 
gradually heated. Some initants before explofion, a 
light blue flame appears on its furface, proceeding froma 
the vapours beginning to kindle, No more fire or 
flame is perceived during the. fulmination, being fuffo- 
cated and extinguithed by the quicknefs and violence of 
the commotion. Nor dows the Fulminating powder 
gx \ generally 
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Penerally kindle the combultible bodies in conta with 
it, becaufe the time of its inflammation is too fhort. 

Furminarixe Damp. See Damp. 

FULMINATION, or Futcuration, a vehement 
noife or fhock refembling thunder, caufed by the fudden 
explofion and inflammation of divers preparations ; as 
aurum fulminans, é&c, when fet on fire. 

FUNCTION, a term ufed in analytics, for an alge- 
braical expreffion any how compounded of a certain 
letter or quantity with other quantities or numbers: 
and the expreffion is faid to be a Funétion of that let- 
ter or quantity. Thus a — 4x, or ax + 32%, 
or 24 ~a Wa? — x7, or x*, or ct, is each of them a 
Fun@ion of the quantity x. 

On the fubje& of Fun&tions, their divifions, transfor- 
mations, explication by infinite feries, &c, fee Euler’s 
Analyf, Infinitorum, c. 1, where the fubje is fully 
treated. R 

FURLONG, an Englith long meafure, containing 
660 feet, or 220 yards, or 40 poles or perches, or the 
8th part of a mile. i 

FURNITURE, in Dialling, certain additional points 
and lines drawn on a dial, by way of ornament. Such 
as the figns of the zodiac, length of days, parallels of 
declination, azimuths, points of the compafs, meridians 
‘of chief cities, Babylonic, Jewihh, or Italian hours, &e. 

FUSAROLE, in Architeture, 2 fmall round mem- 
ber cut in form of a collar, with oval beads, under the 
echinus, or quarter-round, in the Doric, Ionic, and 
Compofite capitals, 

FUSEE, or Fusy, in Watch-work, is that part re- 

fembling a low cone with its fides a little funk or con- 
eave, which is drawn by the fpring, and about which 
‘the chain or fring is wound. 
’ The {pring of a watch is the firft mover. It is rolled 
up ina cylindrical box, againft which it aéts, and which 
it turns round in unbending itfelf. The chain, which 
at one end is wound about the Fufee, and at the other 
faftenéd to ‘the fpring-box, difengages itfelf from the 
ufee in proportion as the box is turned. And hence 
‘the motion. of all the other parts of the {pring-watch, 
Now the effort or adtion of the {pring is continually 
diminithing from firt to laft; and unlefs that inequality 
was rectified, it would draw the chain with more force, 
‘and wind a greater quantity of it upon the box, at one 
‘time than another ; fo that the movement would never 
keep equal time. 

To corre& this irregularity of the fpring, it was very 
happily contrived to have the fpring applied to-the arms 
of levers, which are continually longer as the force of 
the {pring is weaker: this foreign affiftance, always-in- 
crea/ing as it is moft needed, maintains the aétion and 
effe&t of the fpring in an equality. 

It is for this reafon then that the Fufee is made 
tapering fomewhat conical, its radius at every point of 


the axis anfwering to the correfponding ftrength of the. 


fpring. 


Now if the aétion of the {pring diminihed equally, . 


- Rs the parallels to the bafe of a triangle do; the cone, 
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which is generated of a triangle, would be the precife 
figure required for the Fufee ; but it is certain that the 
weakening of the {pring is not in that proportion; and 
therefore the Fufce fhould not be exaétly conical ; and 
in fa&t experience fhews that it fhould be a little hol- 
lewed ahout the middle, becaufe the ation of the {pring: 
is not there fufficiently diminifhed of itfelf, 





Mr. Varignon: has inveftigated the figure of the 
Fufee, or the nature of the curve hy whofe revolution 
about its axis, fhall be produced the folid whofe figure 
the Fufee is to have. This curve it may eafily be fhewn 
is an hyperbola whofe afymptote is the axis of the 
Fufee. “Thus, let DFE be the curve of the Fufee, ita 
axis being ABC: let AD exprefs the greateft ftrength : 
of the {pring when the watch is quite wound up, or 
when the fpring a&ts at D, and BG. the leaft ftrength. 
when the watch is down, or when the {pring ats at E 5 
fo as that BE: AD:: AD: BG, or BE x BG => 
AD?; join DG, producing it to meet the axis Pe 
duced in C3; then fhall HE denote the ftrength of the 
fpring acting at the correfponding point F of the 
Fufee ; and the nature of it muft be fuch that the 
rectangle HI x HF be equal to ‘a: conftant. quantity, 
or HF mutt be* reciprocally as HI, 
or HI: BG:: BE: HF; . 
bat becaufe - . AD, HI, BG, 
are direétly proportional to - CA, CH, CB,. 
theref. thefe aze reciprocally propor. to AD, HF, BE; 
and confequently the curve DFE is an -hyperbola, 
whofe centre is C, and afymptotes AC and-KL: fo 
that the figure of the Fufee is the folid generated by 
an equilateral hyperbola revelved about its afymptote, 
See alfo Martin’s Mathem. Initit. vol. z, p. 364. 

Fuses, Fusr, or Fuze, in Artillery, isa wooden 
tap or tube ufed to fet fire to the powder in a bomb- 
fhell. The bore of this tube is filled with a compoli- 
tion, of fulphur one part, faltpetre 3 parts, and mealed 
powder 3,.4, or 5 parts. ‘The tube is driven hard 
into the hole in the fhell, having firft cut it to the 
exa& length anfwering to the time of the intended 
flight of the fhell, fo that, the compofition in the Fufe 
catching fire by the difcharge of the fhell from the 
mortar, it jufl burns down to its lower end, and fo fets 
fire to the powder in the fhell,.and thereby burfts it, at 
the moment when it-arrives at the end of its range or 
flight. ~ 

FUST, in Archite@ture, the. fhaft of a column, or 
the part comprehended between the bafe.and.the cap} 
tal, called alfo the Naked. 

FUZE, or Fuzee.. See.Fuszts. 
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ABIONS, in Fortification, are large cylindrical 
bafkets, open at both ends,.made of ozier twigs, 
of 3 or 4 feet in diameter, and from 3 to 6 feet high. 
Thefe, being filled with earth, are fometimes ufed as 
merlons for the batteries, and fometimes as a parapet 
for the lines of approach, when the attacks are carried 
on through a ftony or rocky ground, and to advarice 
them with extraordinary vigour. They ferve alfo to 
make lodgments in fome pofts, and to fecure other 
places from the fhot of the enemy ; who, on their part, 
endeavour to burn aad deftroy the Gabions, by throw- 
ing pitched faggots among them, 

GABLE, or Gasue-end, of a houfe, is the upright 
triangular end, from the cornice or eaves to the top of 
its roof. 

GAGE, in Hydroftatics, Pneumatics, &e, is an in- 
flrument for afcertaining meafures of various kinds. 


8 
Gace of the dir-pump, is adapted for thewing the 
degree to which the air is rarefied, or the receiver is 
eatantied: at any time by the air-pump. This is either 
the common barometer-gage, both long and fhort, or 
the pear gage, which at firit was thought a great im- 
rovement, but afterwards it was difcovered that’ ics 
fectaing accuracy was founded on a fallacy, which gave 
an erroneous indication of exhauftion. See Air-pump. 
Gace of the Barometer, is a contrivance for eftimat- 
ing the exact degree of the rife and fall of the mereury 
in the tube of that inftrument. It is well known that 
whilft the mercury rifes in the tube, it finks in the 
ciftern, and vice verfa; and confequently the divifions on 
the feale fixed near the top of the tube had their diftance 
from the furface of the mercury in the ciftern always 
various ; from which there mutt often happen errors in 
determining the height of the mercury in the tubé. 'T'o 
remedy this inconvenience, a line is cut upon a round 
piece of ivory, which is fixed near the ciftern: this line 
1s accurately placed at a given diflance from the feale 5 
for example at 27 inches; and a fmall float of cork, 
with a cylindrical piece of ivory fixed to its upper fur- 
face, on which a line is cut at the exaét diftance of 2 
inches from the under fide of the cork, is left to play 
freely on the quickfilver, and the cylinder works in a 
groove made in the other piece. From this conftru@tion 
Iappears, that if thefe marks are made to coincide, by 
raifing or lowering the ferew which aés on the quick- 
filver, then the divifions on the feale will exprefs the 
true meafure of the diftance from the furface. 
Gace of the Condenfor, isa glafs tube of a particular 
conflruGion, adapted to the condenfing engine, and de- 
figned to fhew the exact denfity and quaztity of the 
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air contained at any time in the condenfer. See Defa- 
guliers’s Exper. Philof, vol. 2, p. 394. . 

Sea Gace, an inftrument for finding the depth of 
the fea, Several forts of thefe have been invented by 
Dr. Hales, Dr. Defaguliers, and others. Formerly, 
the machines for this purpofe confifted of two bodies, 
the one fpecifically lighter, and the other fpecifically 
heavier than the water, fo joined together, that as foon 
as the heavy one came to thé bottom, the lighter 
fhould get loofe from it, and emerge ; and the depth 
was to be eftimated by the time the compound was 
in falling from the top to the bottom of the water, to- 
gether with the time the lighter body was in rifing, 
reckoned from the difappearing of the machine, till 
the emergent body was feen again; but no certain 
conclufion could be drawn from fo precarious and in- , 
complete an experiment. 

But that invented by Drs. Hales and Defaguliers 
was of a more exaét nature, depending on the preffure 
of the fluid only, For as the preffure of fluids in all 
directions is the fame at the fame depth, a Gage which 
difcovers what the preffure is at the bottom of the fea, 
will thew what the true depth of-the fea is in that 
place, whether the time of the machtine’s defcent be 
longer or thorter. . 

Dr. Hales, in his Vegetable Statics, defcribes his 
Gage for eftimating the preffures made in opaque vef- 
fels; where honey being poured over the furface of 
mercury in an open veffel, rifes upon the furface of the 
mercury as it is prefled up into.a tube whofe lower ori- 
fice is immerfed into the honey and mercury, and whofe 
top is hermetically fealed. Now as by the preffure, the 
air in the tube is condenfed, and the mercury rifes, fo 
the mercury comes down again when the preffure is 
taken off, and would leave no mark of the height to 
which it had rifen ; but the honey (or treacle, which 
does better) which is upon the mercury, ‘fticking to 
the infide of the tube, leaves a mark, which fhews the 
height to which it had rifen, and confequently gives 
the quantity of preffure, and the height of the furface 
of the fluid. 

Defaguliers’s addition to thismachine, confifted in a 
contrivance to carry it down to the bottom of the fea 
by means of a heavy weight, which was immediately 
difengaged by ftriking the bottom, and the Gage, 
made very light for the purpofe, re-afcended to the top. 

Dr. Hales afterwards made more experiments of this 
fort, and propofed another Seca Gage for vait depths, 
which is deferibed in the Philof. Tranf, Ne 405, and 
is to this effet. Suppofe a pretty long tube of copper 
or iron, clofe at the upper end, to be let down into the 
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fea, .to any depth, the water will rife in the tube to a 
height bearing a certain proportion to the depth of the 
fea to which the machine is funk. And this propor- 
tion is as follows: 33 feet of fea water being nearly 
equal to the mean preffure of the atmofphere, therefore 
at 33 feet deep, the air in the tube will be compreffed 
into half the length of the tube, or the water will rife 
and fill half way up the tube; in like manner at 66 
feet deep, the water will occupy } of the tube; at 99 
feet deep it will fill 3 of the tube; at 132 feet deep it 
will fill ¢ of the tube ; and foon, Hence therefore, by 
knowing the height to which the water rifes in the 
tube, there will be known the confequent depth of the 
fea. ¥ : 

But, in very great depths, the fcale near the top of 
the tube would be fo {mall, and the divifions fo clofe, 
that there would be no accuracy inthe experiment, un- 
lefs the tube were of a very great length, and this again. 
would render it both liable to be broken, and quite m- 
practicable. - . 

To remedy this inconvenience, he made the foltow- 
ing contrivance ; To the bottom of the tube he {crewed 
a’large hollow globe of copper, with a fmall orifice, or 
a fhort pipe at bottom of the globe, to let in the water ; 
by which means he had a very great quantity’ of air, 

_ and the fcale enlarged. See alfo Defagul. Exp. Phil. 
vol. 2, p. 224 and 241. 

Bucket Sea Gace, is an inftrument contrived by Dr. 

Hales to find the different degrees of coolnefs and falt- 

“nefs of the fea at different depths. This Gage confifts 
ofa common pale or bucket, with. two heads :. thefe 
heads have each a round hole in the middle, about 4 
inches in diameter, covered with {fquare valves opening 
upward; and that they may both open and fhut to- 
gether, there is a {mall iron rod, having one end fixed 
to the upper fide of the lower valve, and’ the other end’ 
to the lower fide of the upper valve. So that as the 
bucket defcends, with its finking weight into the fea, 
both the valves may open by the force of the water, 
which by that means has a free paflage through the 
bucket. “But when the bucket is.drawn up, then both 

‘ the valves fhut by the foree of the water at the upper 
end of the bucket; fo that, the bucket is drawn up 
full of the loweft fea water to which it has defcended, 
and immediately the mercurial thermometer, fixed 
within it, is examined, to fee the degree of tempera- 
ture ; and the degree of faltnefa is afterwards. examined 
at leifure. Philof. Tranf. numb. 9, p. 149, and numh. 
24) p. 447, or Abridg: vol. 2, p. 260... 

Lord Charles Cavendifh adapted a thermometer for 
the temperature of the fea water, at different depths. 
See Philof. Tranf. vol. 5a, p. 300, and Phipps’s Voy- 
age towards the North Pole, p.. 142: &c.. 

Aqueo-mercurial Gace is the name of an apparatus 

. contrived by Dr. Hales, and applied, in various forms, 
to the branches. of trees, to determine the force with. 
which they imbibe moifture. Vegetable Statics, vol. 
1, ch, 2, p. 84. ' 

Shding Gace, a tool ufed by mathematical inftru- 
ment makers, for meafuring and fetting off diftances ;. 
confifting of a. beam, tooth, fliding focket, and the 
Shoulder of the focket. 

Tide Gace, an inftrument ufed for determining the 
slit at @he acer he hie. Meaole: in the eouele at 2 
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voyage towards the fouth pole &c, in the Refolution 

and Adventure, in the years 1772, 1773, 1774, and 

1775. ‘This inftrument confifts of a glafs tube, whofe 

internal diameter was 7-10ths of an inch, lafhed faft to 

a 10 foot fir rod, divided into feet, inches, and parts; 

the rod being faftened to a ftrong poft fixed firm and 

upright in the water. At the lower end of the tube 

was an exceeding {mall aperture, through which the, 
water was admitted. In confequence of this conitruc- 

tion, the furface of the water in the tube was fo little 

affeted by the agitation of the fea, that tts height was 

not altered the roth part of.an inch when the fwell of 
the fea.was 2 feet; and Mr. Bayly was certain, that 

with this inftrument he could difcern a difference o€ 
the sath of an inch in the height of the tide. 

Water Gace. See Artirune, and Hypromerér., 

Wind Gace, an inftrument for meafuring the force. 
of the wind upon any given furface. Several have been 
invented formerly, and one was lately invented by Dr. 
Lind, which is.defcribed in the Philof. Tianf. vol. 65.. 
See feveral alfo under the article ANEMOMETER. 

GAGER, fee Gaucer.. 

GAGING, fee Gaucine.. 

GALAXY, or Milly-Way, or Via Lattea, in Aftro« 
nomy, that long, whitifh, luminous track, which feems 
to encompafs the heavens like a fwath, fearf, or girdle ;, 
and which is eafily {een in.a clear night, efpecially when. 
the moon is not up. It is of a confiderable, though. 
unequal breadth ;, being alfo in fome parts: double, but 
in others fingle. 

The Galaxy: paffes through many of the conftella-. 
tions in its circuit round the heavens, and keeps its exa& 
place or pofition with refpe€@ to them. ; 

There have been various ftrange and fabulous ftories 
and _opinions concerning the Galaxy.. -/ 

The ancient poets, and even eine of the philofo- 
phers, fpeak of it. as the road or way by which 
the heroes went to heaven.. But the Egyptians call- 
ed it the Way of Straw, from the ftory df its rifing- 
from burning ftraw, thrown. behind the goddefs Ifis 
in her flight from the giant Typhon. While. the 
Greeks, who affedt. to derive every thing in the heavens, 
from fome of their own-fables, have two origins for it;, 
the one, that Juno, without perceiving it, accidentally 
gave fuck to Mercury when.an infant, but that as foon 
as fhe turned her eyes upon him, fhe threw him from.” 
her, and as the nipple was drawn fram his mouth, the 
milk ran about for a moment; and-the other, that the 
infant Hercules being laid by the fide of Juno when, 
afleep, on. waking fhe gave him the breait; but foon 
perceiving who it was, fhe threw him from her, and the 
heavens were marked by. the wafted milk. 

Some other philofophers however gave it a different 
turn, and different. orfgin: thefe efteemed it to be a: 
tra&t of liquid fire, fpread in this. manner along the 
fies :. and others again, fuppofing a celeftial region: 
heyond all that. was vilible, and imagining that fire,, 
at fome time Iet Joofe from thence, was to confume- 
the world, made this a part of that celeftial fire, and’ 
appealed to it as a: prefage of what.would furely. hap.. 
pen. This diffufed brightnefg they confidered as a- 
crack in the vault. or wall of heaven, and fancied-this a: 
glimmering of the celeftial fire through it, and. that.” 
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rack by fome accident in nature, or by the will of the 
Gods, to make the whole frame ftart, and let out-the 
fire of deftruction. ° z 
Ariftotle makes the Galaxy a kind of meteor, formed 
of a crowd of vapours, drawn into that part by cer- 
tain large itars difpofed in the region of the heavens an- 
{wering to it. Others, finding that the Galaxy was 
{cen all over the globe, that it always correfponded to 
the fame fixed flars, and that it was far above the 
higheft planets, fet Ariftotle’s opinion afide, and placed 
the Galaxy in the firmament or region of the fixed 
flars ; and concluded that it was nothing elfe but an 
affemblage of an infinite number of minute ftars. And 
fince the invention of telefcopes, this opinion has been 
abundantly confirmed. For, by direéting a good te- 
lefcope to any part of the milky way, we perceive an. 
innumerable multitude of very {mall ftars, where before 
we only obferved a confufed whitenefs, arifing from the 
affemblage and union of their joint light ; like as. any 
thing powdered with fine white powder, at a diftance 
we only obferve the confufed whitenefs, but on examin. 
ing it very near we perceive all the {mall particles of 
the powder feparately ; as Milton finely expreffes it,, 


A broad and ample road, whofe duft is gold, 
And pavement ftarsy x3 ftars to thee appear, 
Seen im the Galaxy, that milky way, 

Which nightly, as a circling Zone thou fecft 
Powder'd with ftars. 


‘There are other fuch marks in the heavens’; as the 
nebulx, or, nebulous ftars, and certain whitifh parts 
_about the fouth pole, called Magellanic clouds, which 
are all of the fame nature, appearing to be vaft clufters 
of {mall ftars when viewed. through a telefcope, which 
are too faint to affect the eye tingly. 

M. le Monnier however, not being: able to difcover 
more ftars in this fpace than in other parts of the hea- 
ens, difputes the opinion above recited as to the reafon 
of the whitenefs, and fuppofes that this and the nebu- 
Joue ftars are occafioned by fome other kind of matter. 
Inft, Aft. p. 60. 

GALILEL (Gatie0,) a moft excellent philofo- 
pher, mathematician and aftronomer, was born at Pifa 
in Italy; in 1564.. From his infancy he had a ftrong 
propenfity to philofophy and mathematics, and foon 
made a great progrefs in thefe fciences. So that in 
1§92 he was chofen profeffor of mathematics at Padua. 
While he was a there, vifiting Venice, then 
famous for the. art of glafs-making, he heard that 
in Holland a glafs had been invented, through which 
very diitant objects were feen diftin@tly as if near at 
hand. This: was fufficient for Galileo ; his curiofity 
was raifed, and put him upon confidering what muft be 
the form of fuch a glafs, and the manner of making it. 
The refult of his enquiry was the invention of the te- 
lefcope, produced from this hint, without having feen 
the Dutch glafs, All the difcoveries he made in af 
tronomy were eafy and’ natural confequences of this in- 
vention, which opening a way, till then unknown, into 
the heavens, thende brought the fineft difcoveries. One 
of the firft of thefe, was that of 4 of Jupiter’s fatellites, 
which he called the Medicean ftars or planets, in honour 
ef Cofro the 2d, grand-duke of Tufcany, who was. of 
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that family. Cofmo fent for our aftronomer from Pa- 
dua, and made him profeffor of mathematics at Pifa in. 
1611; and foon after inviting him to Florence, gave * 
him the office and title of principal philofopher and ma- 
thematician to his bighnefe. - 

He had been but a few years at Florence, before the 
Inquifition began to be very bufy with him. Heung, 
obferved fome folar fpots in 1612, he printed that dif- 
covery the following year at Rome; in which, and 
in fome other pieces, he ventured to affert the truth of 
the Copernican fyftem, and brought feveral new argu- 
ments to confirm it. For thefe he was cited before 
the Inquifition at Rome, in 1615: after fome months 
imprifonment, he was releafed, and fentence pronounced. 
againft him, that he fhould renounce his heretical opi- 
nions, and not.defend them by word’ or writing, or in 
finuate them into the minds of any perfons.. But have. 
ing afterwards, in 1632, publifhed at Florence his Dia-- 
logues of the two Great Syftems.of the World, the 
Ptolomaic and Copernican, he was again cited before 
the holy-office, and committed to the prifon of that 
ecclefiaftical court at Rome. The inquifitors convened 
in June that year ; and in his prefence pronounced. fen~ 
tence againft him and his. books, obliging him to ab- 
fure his errors in the moft folemn manner; committed 
him to the prifon of their office during pleafure ; and 
enjoined him, as a faving penance, for three years to 
come, to repeat once a week the feven penitential 
pfalms : referving to themfelves, however, the power of 
moderating, changing, or taking away altogether or in, 
part, the faid punifhment and penance. On this fen- 
tence, he was detained in prifon till 16343 and his, 
Dialogues.of the Syftem of the World were burnt at 
Rome. 

Galileo lived ten years after this; feven of which 
were employed in making ftill further difcoveries with. 
his telefcope. But by the continual application to that 
inftrument, added to the damage his. fight received 
from the noéturnal air, his eyes grew gradually weaker, 
till he became totally blind in 1639. e bore this 
calamity with. patience and refignation, worthy ofa 
great philofopher. ‘The lofe neither broke his fpirit, 
nor ftopped the courfe of his ftudies. He fupplied the 
defe& by conftant meditation ; by which means he pre~ 
pared a large quantity of materials, and began to ar- 
range them by dictating his ideas; when, by a diftemper 
of three months continuance, watting away by degrees, 
he expired at Arcetri near Florence, in January 1642, 
being the 78th year of his age. : 

Galileo was in his perfon of fmall ftature, though 
of a venerable afpe&, and vigprous conftitution. is 
converfation was affable and free, and full of pleafantry. 
He took great delight in archite&ture and painting, 
and defigned extremely well. He played exquifitely 
on the lute; and whenever he fpent any time ia the 
country, he took great pleafure in hufbandry. His 
kearning was very extenfive ; and he poffeffed in a high 
degree a clearnefs and’ acutenefs of wit. From the 
time of Archimedes, nothing had been done in mecha- 
nical geometry, till Galileo, who being poffeffed of an 
excellent judgment, and great fkill in the moft abftrife 
points of geometry, firft extended the bonndaries of 
that feience, and began to reduce the refiftance of folid 
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bodies to its laws. 
, do&rine of motion, by which philofophy became efta- 
“blifked on a fure foundation, he made furprifing difco- 
veries in the heavens by means of his telefcope. He 
made the evidence of the Copernican fyftem more fen- 
_ ible, when he fhewed from the phafes of Venus, like 
to thofe of the moon, that Venus aétually revolves 
about the fun. He proved the rotation of the fun on 
his axis, from his fpots; and thence the diurnal rota- 
tion of the earth became more credible. The fatellites 
that attend Jupiter in his revolution about the fun, re- 
prefented, in Jupiter’s {maller fyflem, a juft image of the 
great folar fyitem: and rendered it mare eafy to. conceive 
how the moon might attend the earth, as a-fatellite, 
in her annual revolution, “By difcovering hills and ca- 
vities in the moon, and fpots in the fun conftantly vary- 
ing, he fhewed that there was'not fo great a difference 
between the celeitial bodies and the earth as had been 

. vainly imagined. 
‘He rendered no lefs fervice to feience by treating, in 
a clear and geometrical manner, thé doctrine of motion, 
which has juftly been called the key of nature. ‘The 
rational part of mechanics had been fo much neglected, 
that hardly any improvement was made in it for almott 
2000 years. But Galileo has given us fully the theory 
of equable motions, and of fuch as are uniformly 2c- 
_ celerated or. retarded, and of thefe two compounded to- 
ether. . He, firlt of any, demonftrated that the fpaces 
efcribed by heavy bodies, from. the beginning of their 
.defcent, are as the {quares of the times; and that a 
‘body, projected 'in any dire&tion not perpendicular to 
. the horizon, defcribes a parabola. Thefe were the be- 
ginnings of the doétrine of the motion of heavy bodies, 
which has been fince carried to fo great a height by 
Newton. In geometry, he invented.the cycloid, or 


trochoid.; though the properties of it were afterwards - 
He in- 


-chicfly demonftrated by his pupil Torricelli. 
“vented the fimple pendulum, and made ufe of it in his 
aftronomical experiments: he had alfo thoughts of ap- 
plying it to clocks; but did not execute that defign : 
the glory of that invention was referved for his fon 
Vicenzio, who made the experiment at Venice in 1649; 
and Huygens afterward carried this invention to per- 
fection. Of Galileo’s invention alfo, was the machine, 
with which the Venctians render their Laguna fluid and 


navigable. He alfo difeovered the gravity of the air, ~ 


and endeavoured to compare it with that of water ; he- 
fides, opening up feveral other enquiries in natural phi- 
lofophy. In fhort, he was not -efteemed and followed 
by philofophers only, but was honoured by perfons of 
.the greateft diftinGtion of all nations. 

Galileo had fcholars too that were worthy.of fo great 
a matter, by whom the gravitation of the atmofphere 
was fully eftablifhed, and its varying preffure accurately 
and conveniently meafured, by the column of quick- 
filver of equal weight fuftained by it in the barometri- 
cal tubes The elaficity of the air, by which it per- 
petually endeavcurs to expand itfelf, and, while it ad- 
mits of condenfation, refitts in proportion to its denfity, 
was a phenomenon of a new kind (the common fluids 
having no fuch property}, and was of the utmoft im- 
-portance to philofophy. Thefe principles opened a vait 
field of new and ufeful knowledge, and explained a 
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for before that time ina very abfurd manner. It feem- 


_ printed at Bologna in 4to. His laft di 
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eat ‘variety of phenomena, which had been accounted 


edas if the air, the fluid in which men lived from the be- 


: ginning, had been.thembut firlt difeovered. Philofophers 


were every where bufy enquiring into its various pro- 
perties and. their effects: and valuable difcoveries re- 
warded their induftry. Of the great number who dif. 
‘tinguifhéd themfelves on this occafion, may be men- 
tioned Torricelli and Viviani in Italy, Pafcal in France, 


-Orto Guerick in'Germany, and Boyle in England. 


Galileo wrote a numberof treatifes, many of which 
were publifhed in his life-time. Mott of them were alfo 
colleéted after his death, and publithed by Mendeffi in 
2 vols 4to, under the title of L’Ogere di Galileo Galilei 
Lynceo, in 1656. Some of thefe, with others of his 
pieces, were tranflated into Englifh and publithed by 
‘Thomas Salifoury, in his Mathematical Colleétions, in 
2 vols folio. A volume alfo.of his letters to feveral 
learned men, and folutions of feveral problems, were 

ithiple, Vincenzo 
Viviani, who proved a very eminent mathematician, me- 
thodized a piece of his matter’s, and publifhed it under 


- this title, Quinto libro de gli Elementi @ Euclidi, tc; 


at Florence in 1674, 4to. Viviani publithed fome more 
of Galileo’s things, being Extras from his letters to 
a learned Frenchman, where he gives an account of 
the works which he intended to have publifhed, and a 
pallage froma letter of Galileo dated at Arcetri, Oét. 
30, 1635, to John Camillo, a mathematician of Naples, 
concerning the angle of conta&t. Befides all thefe, he 
wrote many other pieces, which were unfortunately lot 
through his wife’s devotion ; who, folicited by her con- 
feflor, gave ‘him leave to perufe her hufband’s manu- 
feripts; of which he tore and.took away as many as 
he faid were not fit to be publifhed. : 

GALLERY, in Archite&ture, a covered pi<ce ‘in a 
building, much longer than broad; which is ufually 
placed in the wings of the ‘building, and ferving to 
walk in, and to place pi€tures in. It denotes a little 
aifle, or watk, ferving as a common‘ paflage to feveral 
rooms placed in a line, or row. 

Gaurery, in Fortification, a covered walk, or 


. paflage, made acrofs the -ditch of a befieged town, 


with timbers faftened inthe ground and covered over. 
GALLON, an Englith meafure of capacity, for 
things both liquid and dry, containing 2 pottles, or 4 
quarts, or 8 pints. But thofe pints and quarts, and 
confequently the-Gallon itfelf, are different, according 
to the quality of the things meafured: the wine Gal- 
Jon, for inflance, contains 231 cubic inches, and holds 
8lb 5} 0z, avoirdupois, of pure water ; the beer and ale 
Gallon contains 282 cubic inches, and holds‘ solb 
3 oz of water ; and the Gallon dry meafure, for grain, 
meal, &c, contains 2684 cubic inches, and holds gib 
11} 0z of water. z 
GALLOPER, in Artillery, the name of a carriage 
ferving for the very fmall guns, and having fhafts fo as 
to be drawn without a limber. - 
GAMING. See Cuances, and Laws of Cuance. 
GARDECAUT, or Guarn pu Corp, in a watch, 
is that which ftops the fufce, when wound up, and for. 
that end is driven up by the {pring. Some call ‘it 
Guard-cock ; others Guard du Gut. eon 
GAR. 
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GARRISON Gons, fuch'as are mounted and ufed 

in a Garrifon, confifting-of the following weights, viz 

the 42, 32, 24; 18, 12; 9, and 6 pounders; being 
miade either of brafs or iron. : 








Table of the Weight and Dimenfions of Garrifon Guns. 
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GASSENDI (Péter), one of the-moft celebrated: 
philofophers Fiance has ‘prodiiced,'was born at Chan- 
terfier, about 3 miles-from Digne in Provence, in the 
year 1592. When a child, he took great delight in 

azing at the moon and {tars whenever they appeared.’ 

his pleafure often drew him. into bye-places, that he 
might feait’ his eyes freely and undifturbed ; by which 
means his parents had ‘him often to feek, not without 
mat xious fears and apprehenfions. Inconfequence of 
this promifing difpofition, he was fent to the beft fchools, 
to cultivate it with the inftrutions of theefirtt matters. 
He profited fo well of thefe aids, that he was invited to 
be profeffor of rhetoricat Digne, before he was quite 
16 years of age. -After filling this office three years, 
upon the death of his mafter at Aix, he was appointed 
to fucceed him as profeffor of philofophy. After a few 
years reidence here, he compofed his Paradoxical Ex 
ercitations ; which’ coming to the hands of Nicholas 
Peirefc, that great patton of learning joined with Jofeph 
‘Walter, prior of Valette, in promoting him ; and, hav~ 
. ing entered into holy orders, he was firft made canon 
ofthe church of Digne and doétor of divinity, and then 
warden or rector of the fame church. rae 

Gaffendi’s fondnefs for aftronomy grew up with his 
years; and his reputation daily increafing, he was ap- 
pointed the king’s profeffor of mathematics at Paris in 
1645. "This inftitution being chiefly intended for af- 
tronomy, our author read leétures on that {cience to 
a crowded audience. Howeéver, he did not long enjoy 
this fituation; for a dangerous cough and inflamma- 
tion of the lungs obliged him, in 1647, to return to 
Digne for the benefit of his native air. Having thus, 
and by the intermiffion of his ftudies, recovered his 
héalth, he again returned to Paris in 16533 where, 
after firit writing and publifhing the lives of Tycho 
Brahe, Copernicus, Purbach, and Regiomontanus, in 
1654 he again renewed his aftronomical labours, with 
the defign of completing the fyftem of the heavens, 
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But while he was thus employed, too intenfely pad 
feeble ftate of his health, he relapfed into his forfner 
diforder, under which, with the aid of too copious and 
numerous bleedings, by order of three phyficians, he 
funk in the year 1655, at 63 years of age. e 

Gaifendi wrote againft the metaphyfical meditations 
of Des Gartes; and divided with that great man the 
pkilofophers of his time, almoft all of whom were 
cither Cartefians or Galfendilts. To his knowledge 
in philofophy and mathematics, he joined profound eru- 
dition and deep {kill in the languages. He wrote, 
1. Three volumes on Epicurus’s philofophy ; and fix 
others, which contain his own philofophy.—z. A ftro- 
nomical Works.—3. The lives of Nicholas de Peivefc, 
Epicurus, Copernicus, Tycho Brahe, Purbach, and 
Regiomontanus.—4.. Epiftles, and other treatifes, All 
his works were collected together, and printed at Lyons 
in 1658, in 6 volumes folio. . 

- Gaffendi was the firft perfon that faw the tranfit of 
Mercury over the fun, viz, Nov. 7, 16315 as Horrox 
firft predicted and fhewed the tranfit of Venus.—His 
library was large and valuable: to which he added an 
aftronomical. and philofaphical apparatus, whieh, for 
their accuracy and magnitude, were purchafed by the- 
emperor Ferdinand the 3d.—It appears by his letters, « 
printed in the 6th volume of his works, that he was 
often confulted by the moft celebrated aftronomers of 
his time, as Kepler, Longomontanus, Snell, Hevelius, 
Galileo, Kircher, Bulliald, and others : and he has ge- 
nerally been efteemed one of the founders of the reform. 
ed philofophy, in oppofition to the groundlefs hypothe - 
fes and empty fubtleties of Ariftotle andthe {choolmen, 

GAUGE-Lize, a line on the common Gauging 
rod, ufed for the purpofe of gauging liquids. See 
Gavernc-Rod. 

Gauce-Point, of a folid meafure, is the diameter of. 
a circle, whofe arga is exprefled by the fame number 
as the folid content of that meafure, Or it is the dia 
meter of a cylinder, whofe altitude is 1, and its content 
the fame as of that meafure. : 

Thus, the folid content of a wine gallon being 2 
cubic inches; if a circle be conceived to contain ¥ 
many fquare inches, its diameter will be 17°15 ; which 
is therefore the Gauge-point for wine meafure. And 
an ale gallon containing 282 cubic inches ; by the fame 
rule, the Gauge-point for ale meafure will be found to 
be 18°95. And after the fame manner may the 
Gauge-point for any other meafure be determined. 

ean it follows, that when the diameter of a cy, 
linder in inches is equal to the Gauge-point in an 
meafure, given likewife in inches, every inch in its jengtly 
will contain an integer of the fame meafure. So ina 
cylinder whofe diameter is 17°15 inches, every inch in 
height contains one entire gallon in wine meafure ; and 
in another, whofe diameter is 18°95, every inch in 
length contains one ale gallon. 

_GAUGER, an officer appointed by the commiffion. 
ers of excife, to Gauge, meafure, or examine, all catks, 
tuns, pipes, barrels, hogfheads, of beer, wine, oil, &c. 

GAUGING, the art or a€t of meafuring the capaci- 
ties or contents of all kinds of veffels, and determining. 
the quantity of fluids, or other matters contained in 
them. Thefe are principally pipes, tuns, barrels, rund. 
lets, and other a Se alfo backs, coolers, vats, Xe. 

A. 
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As to the folid contents of all prifmatical veffels, as 
cubed, parallelopipedons, cylinders, &c, they are found 
‘by multiplying the area of the bafe by their altitude. 
And the cOntents of all pyramidal bodies, and cones, are 
equal to 1-3d of the fame. 

Tn Gauging, it has been ufual to divide cafks into 
four varieties or forms, denominated as follows, from 
the fuppofed refemblance they bear to the fruftums of 
dolids of the fame names: viz, 

1. The middle fruftum of a {pheroid, 

2. The middle fruftum of a parabolic {pindle, 

3. The two equal fruftums of a paraboloid, 

4. The two equal fruftums of a cone, 

And particular rules, adapted to each of thefe forms, 
may be found in moft books of Gauging, and in my 
Menfuration, p. 575 &c. But as the form 3s imaginary, 
and only gueffed at, it hardly ever happens that a 
true folution is brought out in this way ; befide which, 
“it is very troublefome and inconvenient to have fo 
many rules to put in praétice. I fhall therefore give 
here one rule only, from p. 592 of that book, which 
is not only general for all cafks that are commonly met 
with, but quite eafy, and very accurate, as having been 
often verified and proved by filling the catks with a 
true gallon meafure. 

General Rule. Add into one fum, 

39 times the {quare of the bung diameter, 
25 times the fquare of the head diameter, and 

+ 26 times the produét of thofe diameters ; 
multiply the fum by the length of the cafk, and the 
produ& by the number 00034 5 then this laft roduct 
divided by will give the wine gallons, and divided by 
31 will give the ale gallons. 


Or, 39B* + 25H? + 26BH x = is the content 


in inches; which being divided by 231 for wine gal- 
lons, or by 282 for ale gallons, willbe the content. 

For Ex. If the length of a cafk be 40 inches, the 
bung diameter 32, and the head diameter 24. 





Here = 327 X 39. = «39936 
and - 247 X25 == 14400 
and = 32X24X26 = 19968 

the fum © - = 74304 
multiplied by - 40 





and divid. by 114)2972160 

gives - 26071 cubic inches 5 
this divided by 231 gives 112 wine gallons, 
or divided by 282 gives 92 ale gallons. 

But the common practice of Gauging is performed” 
mechanically, by means of the Gauging or Diagonal 
Rod, or the Gauging Sliding Rule, the defcription 
and ufe of which bere follow. 

Gauaina, or Diagonal, Rod, is a rod or rule adapted 
for determining the contents of cafks, by meafuring the 
diagonal orly, viz the diagonal from the bung to the 
extremity of the oppofite ftave next the head. It is a 
fquare rule, having 4 fides or faces, being ufually 4 feet 
long, and folding together by means of joints.” 

Upon one face of the rule is a feale of inches, for 
taking the meafure of the diagonal; to thefe are 
adapted the areas, in ale gallons, of circles to the cor- 
gefpending diameters, like the lines on the under fides 
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of the three flides in the fliding rule, defcribed below. 
And upon the oppofite face are two feales, gf ale and 
wine gallons, exprefling the contents of cafks having 
the correfponding diagonals; and .thefe are the lines 
which chiefly conftitute the difference between this in- 
ftrument and the fliding rule; for all the other lines 
upon it are the fame with thofe ia that inftrument, and 
are to be ufed in the fame manner. 

To ufe the Diagonal Red. Unfold the rod flraight 
out, and put it in at the bung hole of the cafk to be 
gauged, till its end arrive at the interfection of the head 
and oppofite ftavé, or to the fartheft paflible diftance 
from the bung-hole, and note the inches and parts cut 
by the middle of the bung; then draw ort the rod, 
and look for the fame inches and parts un the oppofite 
face of it, and annexed to them are found the contents 
of the cafk, both in ale and wine gallons, 

For Ex. Let it be required to find, by this rod, 
the content of a cafk whofe diagonal meafures 34°4 
inches ; which anfwers to the cafk im the foregoing ex- 
ample, whofe head and bung diameters are 32 and 24, 
and length 40 inches ; for F to the fquare of 20, half 
the length, be added the fquare of 28, half the fum 
of the diameters, the fquare root of the fum will be 
34°4 nearly. . 

Now, to this diagonal 34°4, correfponds, upon the 
rule, the content gt ale gallons, or 117 wine gallons ; 
which are but 1 lefs than the content brought out by 
the former general rule above given. 

Gavaine Rule, or Shding Rule, is a fliding rule 
particularly adapted to the purpofes of Gauging. It 
is a {quare rule, of four faces or fides, three of which 
are furnifhed with fliding pieces running in grooves. 
The lines upon them are moftly logarithmic ones, or 
diftances which are proportional.to the logarithms of 
the numbers placed at the ends of them; whieh" kind 
of lines was placed upon rulers, by Mr. Edmund Gun- 
ter, for expeditioufly performing arithmetical opera. 
tions, ufing a pair of compaffes for taking off and ap- 
plying the feveral logarithmic diftances: but inftead 
of the compaffes, fliding pieccs were added, by Mr. 
Thomas Everard, as more certain and convenient in 
practice, from whom this fliding rule is often called 
Everard’s Rule, For the more particular defeription 
and ufes of this rule, fee my Menfuration, p. 564, 2d 
edition. 

. The writers on Gauging are, Beyer, Kepler, Dechales, 
Hunt, Everard, Dougherty, Shettleworth, Shirtcliffe, 
Leadbetter, &c. : 

GAZONS, in Fortification, turfs, or pieces of frefla 
earth covered with grafs, cut in form of a wedge, 
about a foot long, and halfa foot thick, to line or face 
the outfide of works made of earth, to keep them up, 
and prevent their mouldering. 

GELLIBRAND (Henay), profeffor of aflronomy 
at Grefham-college, was born in London the27th of Nov, 
1597. He was fent to Trinity-college, Oxford, in 1615, 
and took his degree in arts 1619. He then entered into 
orders, and became curate of Chiddingftone in Kent. 
Afterwards, taking a great fancy to mathematics, by 
happening to hear one of Sir Henry Saville’s lectures 
in that fcience, he immediately fet himfelf to the clofe 
ftudy of that noble feience, and relinquifhed his fair 
profpects in the church. Contenting himfelf there- 
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Yore with his private patrimony, which was now come 

into his hands by the death of his father, the fame year 
he entered again a ftudent at Oxford, making mathe- 
matics his fole employment. He made fuch proficiency 
in this {cience bebore he proceeded A. M., which was 
in 1623, ‘that he drew the attention and intimate 
friendthjp-of Mr.-Henry Briggs, then lately removed 
from the geometry profefferthip in Gretham-college to 
that of Savilian profeflor of geometry at Oxford, by 
sthe founder Sir Henry Savile, and who, upon the 
death of Mra Gunter, procured for our author the pro- 
fellorthip of aftronomy in Grefham-college, to which 
he was elected in the beginning of the year 1627. 
His fries Mr. Briggs dying in 1630, bebore he had 
finifhed the anizgduétion to his Trigonometria Britan- 
nica, he recommended the completing and publifhing 
of that work to our author. Gellibrand accordingly 
added a preface, and the application of the logarithms 
to plane and fpherical trigonometry, &c, and the whole 
was printed at Gouda, under the care of Adrian Viacqy 
in 1633. a 

Wise Mr. Gcllibrand was preparing that work, he 
was brought into trouble in the high-commiffion court, 
by Dr. Land, then bifhop of London, on account of 
an almanac, publifhed‘by William Beale, fervant to Mr. 
Gellibrand, for the year 1631, with the aj probation 
of his mafter. In this almanac, the popith ene, then 
ufually put into calendars, were omitted, and the names” 
of other faints and martyrs, mentioned in the Book of 
Martyrs, were placed in their ftead, as they ftand in 
Fox’a calendars. This it feems gave offence to the 
bifhop, and oceafioned the profecution, But when the 
scaufe came to be heard, it appeared that other alma- 
nacs of the fame kind had formerly been printed ; upon 
which, both mafter and man were acquitted by Abp. 

. Abbatand the whele court, Laud only excepted 3 
which was afterward made one of the articles againit 
him on his own trial. 

It feems Gellibrand was ftrongly attached to the old 
Ptolomaic fyftem, For when he went over to Holland, 
about the printing of Briggs’s book abovementioned, he 
had fome difcourfe with an{berg, an eminent brother 

aftronomer in Zealand, who affirming that he was fully 
perfuaded of the truth of the Copernican fyftem ; our 
author obferves, “ that this fo ftyled a truth he fhould 
‘* receive as an hypothefis; and fo be eafily led on to 
** the confideration of the imbecility of man’s appre- 
“* henfior, as not able rightly to conceive of this ad- 
.“ mirable opifice of God, or frame of the world, with- 
* out falling foul of fo great an abfurdity :” fo firmly 
was he fixed in his adherence to the Ptolomaic fyftem. 
Gellibrand wrote feveral things after this, chiefly tend- 
ing to the improvement of navigation, which would 
probably have been further advanced by him, had his 
life been continued longer ; but he was untimely car- 
ried off by a fever, in 1636, at 39 years of age, 

The-character of Mr. Gellibrand is that of a plain, 
plodding, induftrious, well-intentioned man, with little 
invention or genius, His writings are chiefly as be 
low: 

‘1. Trigonemetria Britannica; or the Dorine of 
‘Triangles, being the zd part of Briggs’s work above- 
“mentioned, 

2. A {mall Tra& concerning the longitude. 

s Vou lL 
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3- A Difcourfe on the Variation of the” Magapte 


Needle; annexed to Wright’s Errors in Navigation’ des 


“teGed. 


4+ Inflitution Trigonometrizal, with its application to 
aftronomy and navigation ; 8v0, 1635. 


A 5+ Epitome of Navigation, with the neceffary tables } 
vO. 


6. Several manuferipts never publithed ; as, The 
Do€trine of Eclipfes.—A Treatife of Lunar A ftronos 
my.—A Treatife of Ship-building, &e. 

GEMINI, a conftellation of the northern hemis 
fphere, one of the 48 old conftellations, and the 3d in 
order of the zodiacal figns, Artes, Taurus, Gemini, 
&c. This conitellation confits of two children, twins, 
called Cattor and Pollux, and denoted by the mark, - 
a, being a rude drawing of the fame. : : 

Tais conftellation wag, more anciently, depi&ed by 
a couple of young kids, by the Egyptians and eaitern 
nations, as denoting that part of the {pring when thefe 
animals appear; but the Greeks altered them totwd . 
children, which fome of them make to be Caftor and 
Pollux, fome of them again Hercules and Apollo, and. 
others Triptolemus and Jafion ; but the Arabians af- 
terwards changed the figures into two peacocks, their 
religion not aliseeing them to paint or draw any hu. 
man figure. Sir Ifaac Newton thinks the figures had 
fome reference to the Argonautic expedition. : 

‘The ancients attributed to every fign of the zodiac - 
one of the principal deities for its tutelary power, 
Phoebus had the care of Gemini, and hence all the jar- 
gon of altrologers about the agreement of the fun and 
this conftellation, 

The ftars in the fign Gemini are, in Ptolomys ea: 
talogue 25, in T'ycho’s 25, in Hevelius’s 38, and in the 
Britannic catalogue 85. 

GENERATED, is ufed by fome mathematical 
writers for whatever is produced by arithmetical opera 
tion, or in geometry by the motion of other tagnituden 
Thus 20 is the produét Generated of 4 and 5 ; ab that 
of a and 4, 4, 8, 16, &c, the powers generated of of 
from thé root 2, and a*, a’, a*, &c, thofe from the root 
a. So alfo, a circle is Generated by the revolotion of 
a line about one of its extremities, ‘a cone by the ro. 
tation of a right-angled triangle about its perpendicn- 
lar, a cylinder by the rotation of a rectangle about one 
of its fides, or, otherwife, by the motion of a circle in 
the dire€tion of a right line, and keeping always pa- 
Fallel to itfelf. ' 

GENERATING Line or Figure, in Geometry, it 
that which, by any kind of fuppofed motion, may gee 
nerate, or produce, any other figure, plane, or folid. . 

‘Thus a line, according to Euclid, generates a circlez 
ora Seheangled euagie @ cones &c3 and thus alfo 
Archimedes fuppofes his fpirals to be generated by the 
motions of Generating points and lines 3. the figure 
thus generated, is called the Generant, 

It is a general theorem in geometry, that the meafure 
of any generant, or figure produced by any kind of 
motion of any other figure, or Generating quantity, 
is equal to the produét of this Generatin, quantity 
drawn into the length of the path defcribed by its cen- 
tre of gravity, whatever the kind of motion may be, 
whether rotatory, or dired, &o . 
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TION, in Mathematics, is ufed for the 
or production of any geometrical figure, or 
other quantities. Such as of the figures mentioned in 
the foregoing articles, or the Generation of-equations, 
curves, folids, &c. : . 
, GENESIS, in Geometry, means much the fame as 
Generation mentioned above, being the formation of a 
line, furface, or folid, by the motion or flux of a points 
Tine, or furface; as of a globe by the rotation of a 
femi-circle about its ‘diameter, &c. - 
“In the Genefis of figures, the line or furface which 
moves, is called the Defcribent; and the 
which, or according to which, the revolt c 
motion is male Pe Dirigent. : : 

-GENETHLIACI, in Aftrology,’ are perfons who 
ere& horofcopes, or pretend to foretell what thall befall 
a perfon, by means of the ftars which prefided at his 


erThe ancients called them Chaldei, and by the ge. 


































neral name Mathematici: accordingly, the feveral civil ~ 


and canon laws, which we find made againft the ma- 

thematicians, only refpeét the Genethliaci, or aftrolo- 
eS. ‘ ‘ y 

" They were expelled Rome, by a formal decree of 

fenate ; and yet found fo much proteétion from 

the credulity ei he people, that they remained in the 

‘Antipater and Archinapolus have fhewn that Ge- 


: nethliology fhould rather be founded on the time of the 


conception than on that of the birth. : ; 

GEOCENTRIC, is faid of a planet or its orbit, 
to denote its having the earth for its centre. The 
‘moon alone is-properly geocentric. “ And yet the mo- 
tions of all the planets may be confidered in refpec of 
the earth, or as they appear from the earth, and thence 
called their Geocentric motions. —Hence alfo the terms 
Geocentric place, or latitude, or. longitude, &c, as 
explained below. : 

Grocentric Place, of a planet, is the place 
where it appears to.us, from the earth; or it is a point 
Bs ecliptic, to which a planet, feen from the earth, 


8 oo, : : 
“ Grocentric Latitude, of a planet, is its latitude as 
Teen from the earth; or. the inclination of a line, con- 
neéting the planet and the earth, ta the plane of the 
earth’s (or true) ecliptic. Or it is the angle which the 
faid line (conneéting the planet and the earth makes 


with a line drawn to meet a era let fall from _ 


the planet to the plane of the ecliptic. 

Ceseaiteic de, of a planet, is the diftance 
‘on the ecliptic, in the order of the figns, 
bet the Geocentric place and the firft point of 


een 


Aries. : 

“ GEODESIA, is properly that part of practical 
geometry that teaches how to divide or lay out lands 
and fields, among feveral owners. aaa 
“Gropesta is alfo applied, by fome writers, to all 
‘méafurements in the field, and as fynonymous with 

-furveying. * 3 pe: 
s Grovesta is defined by Vitalis, as the art of mea- 


hereby generated is called a 


books, the one on the tropic, and the other on the — 


GE 


= 
faring fusfaces and folids, not by imaging 
done in geometry, but by featble and ible 
or by the fun’s rays; &e.- eee Rae 
_ GEOGRAPHER, a perfon {killed in Geography. 
GEOGRAPHICAL, fomething relating to Geo- 
graphy, as : <9 
Gerocrapuicat Mile, which is’ the fea- 
minute, being the 6oth part of a degree of 
circle. : 7 
~ Grocrapuicar Table. See Mar. “: 
GEOGRAPHY, the feience that teaches aud 
Jains the nature and properties 0 “eant yeas 2 
igure, place, magnitude, motious, ccleftial 
ances, &c, with the various lines, veal? 































on its sarki ages apg 

ss is diflinguifhe 4 

a part fram. the whole; this * confiderin, 
whole vifible world, both heaven and earth, A 
pom hy and Chorography, it is diftinguifhed, 
as rl — 2 





General or Univerful Grocravny, is that which 
confiders the earth in general, without any regard to 
particular countries, or the affections common to the 
whole: globe: as its figure, magnitude, motion, 
fea, &c. - or yy 

Special or Particular Grocrarny, is_ that I 
contemplates the conititution of the feveral parti , 
regions, or countries; their bounds,’ figure, climate, 
feafons, weather, inhabitants, arts, cuftoms, language, 


&e. ft 

. Hifory of Geockaruy. ‘The ftudy. and praGtice 
of 5 ‘mutt have commenced any caulvaes, 
of the wate By the accounts we have remaining, 
feems this fcience was in ufe among the Babylonians 
and Egyptians, from whom it paffed to the Greeks firft 
of any Europeans, and from thefé fucceffively to. the 
Romans, the Arabians, and the weftern nations of Eu. 
rope. Herodotus fays the Greeks firft learned sheger 
the gnomon, and the 12 divifions of the days‘ 
Babylonians. But Pliny and Diogenes Laertius af 
fert, that Thales of Miletus, in the 6th century before 
Chrift, firit found out the pafflage of the fun from tro- 
pic to tropic; and it is faid was the author of two 


































equinox ; both probably determined by means of the” 
eres ; whence he was led to the’ difcovery of the 
our feafons of the year, which are determined by the 
equinoxes and fol{tices ; all which however it is cely 
he learned of the ‘tians, as well-as his divifion 
oh rene 365 days. -This it is faid was in 
by the fecond Mercury, furnamed Trifmegittus, 
pan Beets lived about 50 years after the 
xodus. Pliny exp! faysthat this difcovery wasmade _ 
by obferving when ie hae returned tote old Z 
ear proof that it was done by the.gnomon.._ Iti 
ther faid that Thales conftru€ted a globe, and re 
fented the land and fea upon a table of brafs. © 
that Anaximander, a aiieiple of Thales, firft 
figure of the earth upon a globe; and that 













Democritus, Eudoxus, and 


GEO 
phical maps, and brought them into common vfe'in 
Greece. : 7 

Meton and Euétemon obferved the fammer folftice at 

Athens, on the 27th of June 432 years before Chrift, 

by watching narrowly the fhadow of the gnomon, with 

the defign of fixing the beginning of their cycle of 19 
CATS. ‘ - : 

i “Pimocharis and Ariftiflus, who began their obferva- 
tions about 295 B.C., it feems firft attempted to fix 
the latitudes and longitudes of the fixed ftars,. by con- 

<fdering their diftances from the equator, &e. One of 
the’r obfervations gave rife to the difcovery of the pre- 
ceffise of the equinoxes, which was firit remarked by 
Hipparcssa about 150 years after ; who alfo made ule 
of their meth, for delineating the parallels of lati- 
tude and the meridians, on the furface of the earth ; 
thus laying the foundation of this fcience as it now 

- appears. 

*Pinhe latitudes and longitudes, thus introduced by 
Hipparchus, were not however much attended to till 

* Prolomy’s time. Strabo, Vitruvius, and Pliny, have 
all of them entered into a minute geographical defcrip- 

-tion of the fituation of places, according to the length 
‘of the fhadows of the gnomon, without noticing the 
Jongitudes and latitudes. ; 

"Maps at firlt were fittle more than . rude outlines, 
and topographical fketches of different countries. The 
earliet on record were thofe of Sefottris, mentioned by 
‘Euftathius ; who fays, that ‘ this Egyptian king, 
having traverfed great part of the earth, recorded his 

“march in maps, and gave copies of them not only to 
sthe Egyptiang but fo the Scythians, to their “great 
aftonifhment.”” Some have imagined with much proba- 
bility, 

- fet they gave the different portions tr the nine tribes 


vat Shilah: for Jofhua tells us that they were fent to” 


= walk through the land, and that they defcribed it in fe- 
wen parts in a book 3 and Jofephus relates that when 
Jothua fent out people from the different tribes to 
= Imeafure the land, he gave them, as companions, per- 
- fons well fkilled in geometry, who could not ‘be mif- 
taken in the truth. : 
The firft Grecian map on record, was that of Anaxi- 
- mander, mentioned by Strabo, lib. 1, p- 7+ fuppofed 
to be the one referred to by Hipparchus under the de- 
fignation of the ancient map. 
feribes.a map made by Ariftagoras tyrant of Miletus, 
- which will ferve to give fome idea of the maps of thofe 
- times. He relates, that. Ariftagoras fhewed it to 
Cleomenes king of Sparta, to induce him to attack 
the king of Perfia at ‘Sufa, in order-to reftore the To- 
nians to their ancient liberty. It was traced upon brafs 
© or copper, and feems to have been a mere itinerary, 
containing the route through the intermediate countries 
which were ta be traverfed in that march, with the ri- 
vers Halys, the Euphrates, and Tigris, which Hero- 
dotus mentions as neceffary to be croffed in that expe- 
dition, It contained one ftraight line called the Royal 
Road or Highway, which tack in all the ftations or 
laces of encampment from Sardis to Sufa ; being 115 
n the whole journey, 
16874 Roman miles of 5000 feet each. 
“Thefe itinerary maps of the places of encampment 
were indilpenfably neceffary in all armies and marches 5 
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that the Jews made a map of the Holy Land, + 


Herodotus minutely de-" 


and containing 13,500 fladia, or _ 
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and iiideed war! and navigation feem ‘to be thgese 
grand caufes of the improvements both in Oth graphy 
and aftronomy. Athcnaus quotes Beton as author of 
awork intitled, Te encampments of Alexander's march } 

+ and likewife Amyntas to the fame purpofe. Pliny ob- 
ferves that’ Diognetus and Beton were the furveyors © 
of Alexander’s marches, and then quotes the exact num- 
ber of miles according to their menfuration ; which 
he afterwards confirms by the letters of Alexander him- 
felf. ‘The fame author alfo rematks that a copy of this 
great monarch’s furveys was given. by Xenocles his 
treafurer to Patrocles the geographer, who was admiral 
of the fleets of Seleucus and ‘Antiochus. His book en 
geography is often quoted both by Strabo and Pliny 3 
and it feems that this author furnifhed Eratofthenes with 
the principal ‘materials for conitruéting his map of the 
oriental part of the world. “ ad 

Eratolthenes firit attempted to reduce Geography to 
a regular fyftem, and introduced a regular parallel of 
latitude, which began at the ftraits of Gibraltar, paffed 
eaftwards through the ifle of: Rhodes, and fo on to 
the mountains of India, noting all the intermediate 
places through which it pafled. In drawing this line, 

. he was not regulated by the fame latitude, but by ob- 
ferying where the longett day wae14 hours anda half, 

--which Hipparchus afterwards determined was the lati- ° 

i tude of 36 degrees. : 

This firft parallel through Rhodes was ever after cone 

. fidered with a degree of preference, in conftru€ting all 

the ancient maps ; and the longitude of the then known 

- world was often attempted to be meafured in ftadia arid 
miles, according to the extent of that ling, by many 

_fuceceding geographers. ot 

Eratofthenes foon after attempted not only to draw, 
other parallels of latitude, but alfo to trace a meridian 
at right angles to thefe, paffing through Rhodes and 

Alexandria, down to Syene and ‘Meroé ; and at length . 

-he undertook the arduous tak of determining the cir- 
cumference of the globe, by an aétual meafurement 
of a fegment of one of its great circles. To find the 

magnitude of theearth, isindeed a problem which has 

- engaged the attention of aftronomers and geographers | 
ever fince the {pherical figure of it was known. It 
feems Anaximander was the . firft among the Greeks 
“who wrote upon this fubject. Archytas of Tarentumy,. 
a Pythagorean, famous for his fkill in mathematics and 

_ mechanics, alfo made fome attempts in this way ; and 
Dr. Long conjectures that thefe are the authors of the 

: moft ancient opinion that the circumference of the earth 

is 400,000 ftadia : and Archimedes makes mention. of 
the ancients who. eftimated the circumference af the 

~ earth at only 30,000 fladiaz x 

"As to the methods of meafuring the eixcumference 

_ of the earth, it would feem, from what Ariftotle faye 
in his treatife De Coco, that they were much the fame 

_ as thofe ufed by the moderns, deficient only in the accux 

; racy of the inftruments. That philofopher there fays, . 
that different {tars pafs through our zenith, according 
as our fituation is more or leis northerly ; and. that iv 
the fouthern parts of the earth ftars come above our ho« 
rizon, which are no longer vilible if we go northward, 
‘Hence it appears that there are two ways of neafuring 
the circumference of the earth ; one by obferving flare 
which pafs through the zenith of one place, and do 

g3%2 ; : i not 


othe 


that of 


athe : 
another; the other, by 


ob- 


izon of another: The former of thefe me- 
thods, which is the “beft, was followed by Eratof-_ 
ethenes at Alexandria in Egypt, 250 years before 
Chrift. He knew that at th ‘fomoner folftice, the 
«fun, was vertical to the inhabitants of Syene, a town 
‘on the confines of Ethiopia, under the tropic of can- 








_ bottom of which the rays of the fun fell perpendicularly 


- «under the fame meridian, he inferred that the diftance 


‘ 


“the day of the fummer folftice: he obferved by the fha- 

dow of a wire fet perpendi 

> fon, how far the fun was on that day at noon diftant 

from the zenith of Alexandria; when he found that 

»diftahce rin, ole the soth part of a circle in 
the heavens, en fuppofing Syene 















* between them was the soth of a great circle upon 
“the earth ; and this diftance being by meafure 5000 
<Kadia, he concluded that the whole -circumference of 









«divided by 360 would give ftadia to a degree, ei- 
ther re RESET et or fome of his es ~ 
- figned the round number 700 ftadia to a degree ;_ whic! 
~multiplied by 360, makes the circumference of the 
earth 252,000 ftadia ; whence both thefe meafures 
| ware given a different authors, as that of Eratofthenes. 
In the of Px the Great, Pofidonius de- 
termined the meafure 
by the 2d method above hinted by Ariftotle, vizs*the * 
x mtal obfervations. - Knowing that the ftar called 
‘anopus was but juft vifible in the horizon of Rhodes, 
vand at Alexandria fin its meridian height was the 
«48th part of a great circle in the heavens, or 74 deg., 


btn aa 95 quantity of —— = 3 
= x ny le two under the meri- 
«di ceed hina cone them 5000 ftadia, the 
Sen 


2 ce of the earth will be 240,000 ftadias « 

owhich is the firft meafure of Pofidonius. But accord- 

‘ing to Strabo, Pofidonius made the meafure of the 

«earth to be 180,000 ftadia, at the rate of 500 ftadia 

toa ec. The reafon of this difference is thought 

‘to be, that Eratofthenes meafured the diftance between 

Rhodes. and Alexandria, and found it only 3750 fta- 

‘dias pense. tag for a 48th part of the ’s circum- 

+ ferences is the meafure of Pofidonius, the 

«whole circumference will be 180,000 ftadia. This mea- 

fure was received by Marinus of Tyre, 'and is ufuall 

" aferibed to Ptolomy. But this meafurement is fubj 

to great uncertainty, both on account of the great re- 

fraction of the ftars near the horizon, the dit ty of 
meafuring the diftance at fea between Rhodes and Alex- 
andria, and by thofe places. under the fame 

ii are really very, different. 

Several ee madevufe of the dif- 
ferent heights of the pole in. diftant places‘under the 
fame .meridian, to find the dimenfions“of the earth, 

' About the year 800, the khalif Almamun had the dif- 

» tance meafured between two places that were 2 degrees 
afunder, and-under the fame meridian in the plains of . 
Sinjar near the Red a seein was, that the 

» degree at one time was found equal to 56 miles, and at 

_ < another 564 or 56} miles. 
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= . P 
corte above the horizon of the earth, wasin 1525, by Fernelius, a 
and are obferved at the fame time to be in fopher of France. For this 


wards, till he came to the place: 
ae was one degree more than at that ci 
ni; 
ther dade one of the wheels of his : 
after proper 
“cer, where they had a wel! made to obferve it, at the of the road, he contluded that 68 Italian miles 
equal to a degree on the earth. ; 





endicularly in an*hemifpherical ba- of the earth 
made, with much greater 
count of which is 
Alexandria his time, they were yet very impe 

They poll Tittle sane chs The 
and the dominions of the fucceffors of Alexander, di- 


the earth was 250,000 ftadia. But as this number thias into the great 


circumference of the each ..t! 


far caufed a general furvey of the Roman Empire to be- 





















The next to find out the 
fe, he took 
the pole at Paris, going 






of the way was meafured by the number of 









lowances for the declivities andl 


According tothefe methods ther meafe 
4 circumference hawe-tiiee that ti 
-acturacy ; a pa~cculai 
given under the artic DEGREE, 
Though the maps of Eratoilhents were:the beft of 








efted according to the furveys abovementioned. He 

indeed feen, and has quoted, the 
Atlantic ocean, which gave him — 
fome faint idea of the weftern parts of Europe ; be y 
fo imperfect, that they could not be realized into 
outlines of a chart. Strabo fays he was voy igus 
<n a tani hr ie ae arabia ‘Adriatigg 
eq ignorant » the coafts of the i 
Pontus, Sault thevetinchstowerdetheaialian . 
Such was the ftate of 


hy, and the nature 
maps, before the time of Hipparchus, He made-_ 


‘a clofer conneétion between Somes and 

by determining the latitudes and ongitudes page 
tial obfervations. = 
_ War has ufually been the occafion of making or ime. 
proving the maps of countries ; and accordingly Geoe- 
hy made great advances from the pro; 
oman arms. In all the provinces occu 
people, camps 
tween them ; and thus civilization*and furveying were’ — 
carried on according to fyftem, through the whole ex- 
tent of that large empire. Every new war ceda 
new furvey aa itinerary. of. the’countries where the — 
fcenes of ation paffed; fo that the materials of Geo- 
hy were accumulated by évery~ additional congue 
Boiybus fays, that at the beginning of the fecond Pu. 
nic war, when Hannibal. was preparing his expedition 
againit Rome, the countries through whichhe wasto pafs 
were carefully meafured by the Romans, And JuliusCz- 













































made, by a-decree of the fenate.. Three furveyors had 
this tafk affigned them, which they com 1 if 
“ees The Roman itineraries that are {till extant, i 
fo fhew what careand pains they had been atin making © 
furveys in all the different provinces of their empire; — 
and Plin has filled the 3d, 4th, and_sth books of his. 
Natural Hi with xe 

were thus 















phical diftances that 
ured. Other, maps are alfo {till Fi 
ferved, known by the name of. a Peatiigertin thee & 
bles, publifhed by Welfer and Bertius, which give a 
{pecimen of what ius calls the /tinera Pidlay,. . 
the better dire¢tion of their armies in their march. 
The Roman empire had been enlarged 'to its gre 
extent, and all its provinces well known and fun 
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F : : se a 
when Ptolomy, about’ r50 yéars after Chriff, com- “can be only once cut by another right line, and ise 
; pofed his fyftem of Geography. The chief materials ‘prefled by the fimple equation y # ax b= CF wine 
-he employed in compofing this work, were the propor-- of the 2d,.or quadratic order, will be the circle, and 
‘tions of the gnomon to its fhadow, taken by different .the conic feétions, fince all of thefe may be cut in two 
“aftronomers at the times of the equinoxes and foliticess ‘points by a right line, and expreflud by. the equation. 
calculations founded on the length of the longef€ days ; Pp tax they 4 c2*+ de +e=o0: thole of the 3d 
the meafured or computed diftances of the principal 2, cubic order, will be fuch as may be cut in 3 points 
roads contained in thetr furveys and itineraries ; and the. by a right line, whofe moft general equation is 
various reports of travellers and navigators’ All thefe - 3 afb. yt best pda fey fel ign? + bx bi meoy 
‘were compared together; and digefted into one uniform a the cubical and Neilian ‘parabola the ciffeid, &e. 
<hody or fyftem ;, and afterwards were tranflated by him- Anda line of an infinite order, is that which a ie ht 
-imya new mathematical language, expreffing the difs ta may cut in infinite pass ab the fen ee 
iat 2 oe ee hd pes oe oe fais cloid, the quadratrix, and every line that is generated 
Nita Perea, We ad been cgis by Ale infinite revolutions of a radius, or circle, or 
Ptolomy’s fyitem of Geography; meee it ae a of thofe equations, x is the abfcifs, y its: 
was ftill very imperfe&t, continued in vogue till the laft fondi dinat a king . et Hy J its 
- three or four cencuries, within which time the great. SOrre ponding ordinate, maxing any given angle with 
improvements in aftronomy, the many difcoveries of ae bc irron aa tapas . See aoaataties, . 
2 lay: IC. 
new countries by voyagers, and the progrefs of war more may vanifh, be e menting oF pa ie conte ae 


_ and arms, have contributed to bring it to a very confi- . ™ A : 
- derable degree of perfeétion ; the particulars of which ee ey ech ee petal or equation does not 


. sie pe fond treated under their re{peStive articles in It is to be noted that a curve ae kind is denomi- 
Among the moderns, the chief authors onthe fub. ated by a number next lefs than the line of the fame 
-Je& of Geography are Johannes de Sacrobofco, or kind + thus, a curve of the rt order, (becaufe the 
John Hallifax, who wrote a treatife on the {phere ; Se- right line cannot be reckoned amon, curves) is the 
baftian Muntter, in his Cofmographia Univerfalis, in fame with a ie of 2d order; and a curve of the 
T9593 Clavius, on the {phere of Sacrobofco ; Picci- . 24 kind, the fame with a line of the 3dorder ; &e, 
‘-ol’s Geographia et Hydrographia Reformata; Wei- » It is to be obferved alfo, that it is not fo much the’ 
. gelius’s Speculum Terre ; De Chales’s Geography, iu . ¢,vation, as the conftruction or defcription, that makes 
Fis Mundus Mathematicus; Cellarius’s Geography; a7y curve, geometrical, or not. Thus, the circle is a. 
Cluverius’s In¢roduétio in Univerfam Geographiam ; geometrical line, not becaufe it may be expreffed by 
Leibnecht’s Elementa Geographiz generalis; Steve- 4n equation, but becaule its defcription is a poftulate’: 
-pius’s Compendium Geographicum ; | Wolfius’s Geo- _ and it is not the fimplicity of the equation, but the eafi- ~ 
~- graphia, in his Elementa Mathefeos ; Bufching’s New ~ nefs of the defcription, that is to determine the choice ' 
Eytan of Geography ; Gordon’sy Salmon’s, and Gu- . of the lines for the conftru@tion of a problem. The- 
thrie’s Grammars ; and above all, Varenius’s Geogra- equation that expreffes a parabola, is more fimple than 
phia generalis, with Jurin’s additions, the moft {cienti- . that which exprefies a circle ; and yet, the circle, by 
fic and fyflematical of any. ‘ reafon of its more fimple conflruction, Js admitted be- 
GEOMETER, more properly Geomerrictan ; fore it. . Again, the circle and the conic feGtions, with 
which fee. * ee refpect to the dimenfions of the equations, are of the 
GEOMETRICAL, fomething that has a relation fame order; and yet the circle is not numbered with 
to Geometry, or done after the manner, or by the them in the conttrudtion of problems, but by reafon- 
means of Geometry. As, a Geometrical conftru@ion, of its fimple defeription is depreffed to a lower order, 
a Geometrical curve, a Geometrical demonftration, Vi4 that of a right, line ; fo that it is not improper to 
genius, line, method, Geometrical ftriGnefs, &c. exprefs that bya circle, which may be expreffed by a 
Gromeraican Confrudion, of an equation, ig the Tight line; but it is a fault to conitru& that by the 
drawing of lines and figures, fo as to exprefs by them. sonic {etions, which may be conflruéed by a circle, - 
_ the fame general property and relation, as are denoted. _ Either, therefore, the Jaw muft be taken from the: 
by the algebraical equation. See Construction f dimenfions of equations, as obferved in a circle, and fo 
» dquations... 2 eae the diftinction be taken away between plane and folid 
Gromertaicat Curve or Line, called alfo an Alge- problems: or the law muft be allowed not to be ftri@- 
braical one, ig that in which the relations between the ly obferved in lines of fupcrior kinds, but that fome, by 
“abfcifles and ardinates may be expreffed by a finite al. reafon of their more fimple defcription, may be pre- 
gebraical equation. See Arcrprarcan Curves. ferred to others of the fame order, and be iymbered i 
> Gsomerricat Lines, as obferved by Newton, are with lines of inferior orders. 
diftinguifhed into claffes, orders, or genera, according - .. In conftrutions that are equally Geometrical, the 
to the number of the dimenfions of the equation that mot fimple are always to be preferred: and this law is - 
“exprefles the relation Between the ordinates and ab- fo univerfal as to be without exception, But algebrai- 
{ciffes-; or, which comes to the fame thing, according cal expreflions add nothing to the fimplicity of the con- - 
to the number of points in which they may be cut by firuétion; the bare defcriptions of the lines here are 
‘ aright lines. : 4 = only to be confidered; and thefe alone-were confidered 
‘Thus, a line of the firft order, is a right line, fince it by .thofe geometricians who joined a circle with a right 
jee nr Une,... 


fame pringiples a: 

+ SAGE me emer mewioy and shiny ete f 
“mature of th thingy & not to fuppofe any thing done, till. by a previous. 
‘eftablith laws relating to blem they had fhewn that it, could be done 

Either, heefore ‘with the ancients, we mult a performing it. Much lefs did they fi 
all lines befide the circle, and perhaps the conic feétions, to be done that cannot be conceived 5 uch 
out of geometry; or admit all, according to the fim- _ feries to be a€tually-continued to infinity, or 
plicity of the defcription. If the trochoid were ad- tude diminithed vil become infinitely. icf 
mitted into geometry, by means of it we might divide it is, The elements into which they re 
_ au angle in any given ratio; would it be ri; ht there- _ tudes were finite, and fuch as mig = 
late eon 












fore to blame thofe who would make ufe of this line to real. Unbounded liberties have 
‘divide an angle in the ratio of one number to another ; by which geometry, which OM 
and contend, that you mult make ufe only of fuch lines is filled with myfteries. Macla 
as are defined by equations, and therefore not of this 
line, which is not fo defined ? If, when an angle is pro- - 
ont = be divided, for inftance, into rooo1 parts, we 
a to bring a curve defined by an equa- Gromeraicat Plane. See Puants 

ak ore m 100 ditenons to do the bufinefs ; Geomertrica Pi 
which nobody. could defcribe, much lefs underftand; - the terms have all 
pals pee inte she ce on which is a line 8 Ar Sesrabaas 


and commoa 

Sa is, that the_produét ty two tem 
itis emcee emask's wees Ok ettret ot the fquare of any one fingle term, is equal to 

ometry ; or elfe, in the conftru€ion of | - du of other two terms that are taken at 

blems, it is to be preferred to all lines of a more it diftance on both fides from the former. a 

defeription; a andthe reafon is the fame for other curves. _ terms, a 

Hence the trifeGtions of an angle bya conchoid, which : n = 4, 8, os 32 645 &ey 

Archiniedes in his Lemmas, and P pas in his Col- mam gh tm 8 x B= 6p. 

, ome nied to the inv of all others tn se vical Progreffion, if 

“in this cafe, muft be allowed as good; becaufe we muit ice oe oe am te . 

elit exehide al les hed Cae cinche-und line, = the greateft term, t 

‘out of geometry, or admit them according to _ # the common ratio, ae y 

plicity of their deferiptions ; in which cafe the con- . n the number of the terms, ; 

-ehoid yields to none, t the circle. Equations are ..s the fum of the feries, or all the terms; _ 

expreflions of arithmeti computation, and properly — then of thefe quantities may be found jou ‘ 

have no place ih geometry, excepting fo far as quanti- - pes y means nk thefe goes values, or%tquatio 

aahunbeiame Gaueree oat re er eR 

. and proportions) may faid to be fome See — 

others. Multiplications, divifions, and fuch like com. 7 >= J> : Si Rome 

putations, are newly received into caw RH , and that . wif 

Wawavily; and coutinry torthe ck deligwof t isfcience. *=2XT > . 

For whoever confiders the conftruétion of problems by .¢=2+r°—', F 

aright a and a circle; found out by the firft geome- 

‘tricians, will eafily perceive that geometry was intro- , 


ik ‘a _ loger 4 log. = —log.a 
esas mat ty Sewing lines, wes might i staid “=a spices aa 












canta Pace, is a meal 
Gromeraican Plan, in Acchaanasey 




























































- feiences ought not to be confounded together: the an- 7° —! Gd tins eae a 
‘r cients fo carefully diftinguifhed between them, that they. rd te nigee ro. rer; eta h = 
never introduced arithmetical terms into geometry; and © .n a - oa 
the moderns, by confounding them, have loft the fim- . Foy. jaa ! 
2 — in which all the-elegance of geometry confifts. “2 
n fhort, that is arithmetically more fimple, which is - is es 
determined by the more fimple equations; but that is _ Pot get Sm 
is 


‘Geometrically more which is determined by the 
~ more fimple drawing: of lines; and in geometry that 
ought to be reckoned beft, which is geometrically 
=< fimple. Newton’s Arith. Univerf. appendix. See 

WURVES. 

_ .. Gromeraicar Locus, or Place, called alfo fimply _. Gromerarcan Proportion, called alfo ae Propore 
- Locus, is the path or track of fome certain Geometrical tion, is the fimilitude or equality of ratios. 
setegshimatsbtcan which it always falls. See Locus. Thus, if.a:b::¢:d, or a:b=c:d, the terms ‘ 
-Geometrrcat Medium. See ———— ; “a, b, c, dare in Geometrical Proportion ; alfo oem ae 
Geromerricat Method of the Ancients. The an- 14, 7, are in Geometrical Proportion, bacaufe . 
-sients eftablifhed the higher parts of their geometry on 6 3-3 3: 14: So: 3= 14: Je Be 


= id < 


“When the feries is i inti; then the leaff term'@ ia 
nothing, and the fum s = =. See alfo. Proores a 







SION. 




















tremes, or 1ft and 4th term: 
the means, or the 2d and. 3d terms: fo ad =%c, and 
6x7 =3 x 14=42.. See Proportion. - 

~ Geomerricat Solution, of a problem, is when the 
problem is dire@tly refolved according to the ftri@ rules 











and principles of and by that are truly 
i ge 4 This expreflion is ufed in contradiftinc- 







{on (> gearithmetical, ora mechanical, or inftrumental 
fanless problem being refolved only by a ruler 


compalies, ; 

fume form is likewife ufed in oppofition to all 
ed Inadequate kinds of folutions, as by ap- 
Hyite feries, &c. So, we have no Geo- 
of Snoing the quadrature of the circle, 
icature of the sabe, or two mean Proportionals ; 
o mechanical ways, and others, by infi- 
a ss that the ancients endeavoured in 
le, and to find out two mean pro-, 
Pportionals, by ante of the right line and circle. “Af. 
terwards they began to.confider the properties of feveral_ 
other lines ; ‘as the conéhoid, the ciffoid, and the conic 
; pes a na pat Se thi Sag ani to re- 
folve fome of thofe problems, At t ving more 
thoroughly examine i the matter, ‘and the conic {eaions 
being bet: pate diftinguithed Geo- 

* metrical pi ns and folut into three kinds; viz, 
. 1. Plane ones, which, deriving-their origin from lines 
ona plane, may be properly Salted by a right line and 
a circle.—2. Solid ones, which are refolved by lines 
_ deriving their original from the confideration of a folid 3 
that is, of a cone. , Linear ones, to-the folution of 
which are required lines-more compounded. _ s 
Acéording to this diftinétion, we are not to refolve 
folid problems by other lines than the conic fedions b 
efpecially: if no other lines befide the right line, circle, 
and the conic fections, 







































But the moderns, advancing much farther, have re- 
_ ceived into geometry all Jines that can be expreffed by 
equations ; and have diftinguithed, according to the 
 dimenfions of the equations, thofe Tines into claffes or 
orders ; and have laid it down as a law, not to con- 
_ ftrué a problem by aline of ahigher order, that may 
__ be conftruéted by one of a lower. 
___ GEOMETRICIAN, a perfon ficilled in Geometry. 

GEOMETRY, the feience or doétrine of local ex- 
_ tenfion, as of lines, furfaces, and folids, with that of 
_ tatios, &e. : ; - 

The name Geometry literally fignifies meafuring of 
the earth, as-it was the neceflity of meafuring the Tand 
_ that firft gave occafion to contemplate the »principles 
_ and rules of this art ; which has fince been.extended to 
_ numberlefs other fpeculations ; infomuch that together 
with arithmetic, Geometry forms. now the chief foun- 
dation of all the mathematics. 

~ Herodotus (lib, 2), Diodorus (lib 1), Strabo (lib. 
17), and Proclus, afcribe the invention of Geometry 
to the Egyptians, and affert that the annual inunda- 
tions of the Nile gave occafion to it ; for thofe waters - 
bearing away the bounds and land-marks of eftates and 

farms, covering the face of the ground uniformly with 

* : : 




































Geometrical ne sfiees 
, is equal to the predu& of 





mult be received into geome- - 


mud, the people, 


aieeen: fay they, were obliged 


and lay out their lands by the cor 

of their figure and quantity ; and thus by experience 
and habit ey formed a method or art, which was the 
origin of Geometry, A farther contemplation of the © 
draughts of figures of fields thus laid down, and plotted 
in proportion, might naturally lead them to the dif- 
covery of fome of their excellent and wonderful rO- 
perties; which fpcculation contirually improving, the 
art continually gained ground, made advances 
more and more towards perfection: i 

Jofephus however feems to aferihe the invention to 
the Hebrews: and others of the ancients make Mercury 
the inveritor. Polyd.” Virgil, de Invent. Rer. lib. Ty 
. 18. 
rom Egypt, this fcience paffed into Greece, being 
carried thither by Thales 3.where it was much culti-- 
vated and improved by himfelf, as alfo by Pythagoras, 
Anaxagoras of Clazomene, Hi ypocrates of , anc 
Plato, who teltified Iris conviGion of the neceffity and” 
importance of Geometry to the fuccefsful ftudy “3 phi- 
lofophy, by this infcription over the door of his acade- 
my; Let no one ignorant of Geometry enter here. Plato’ ~ 
thought the a Geometry too mean.a name for thig 
{cience, and fubftituted inftead of it the more extenfive _ 
name of Menfuration and after him others gave it the 
title of Par . But even thefe are now become toe 
feanty in their import, fully to comprehend its extent 5 
for it not only inquires into, ata demonftrates the 

uantities of magnitudes, but alfo their ualities, as the 
per figures, ratios, pofitions, trans ‘ormations, de- 
criptions, divifions, the finding of their centres, diame- 
ters, tangents, afymptotes, curvature, &c. Some i 
define it as the {cience of inquiring, inventing, and de- 
monitrating all the affe&tions of magnitude, And Pro. 
clus calls it the knowledge of ay erat and figu 
with their limitations; as alfo of their ratios, ions, 
pofitions, and motions of every kind. 

About 50 years after Plato, lived Euclid, who col- 
le&ted together all thofe theorems which had been in- 
vented by his predeceffors in E; and Greece, and 
digefted them into 15 books, the Elements of 
Geometry ; demonftrating and. arrangi the whole in- 
a very accurate and perfedt manner. ‘The next to Eu-. 
clid, of thofe ancient writers whofe works are extant, 
is Apollonius Pergeus, who flourifhed in the time of _ 
Ptoiomy Euergetes, about 2 30 years before Chrift, 
and about too years after Euclid: He was author of 
the firft and principal work on Conic Seétions ; on ace 
count of which, and “ other sete = in, " 

metrical writings, he acqui ‘om his patron the 
caplaceat ap Mlation of Prive Cine ear bor 
temporary with Apollonius, or a few years be- 
fore him, flourifhed Archimedes, celebrated for his me- 
chanical inventions at the fiege of Syracufe, and not 
lefs fo for his very many ingenious Geometrical com- | 


fitions. 

Powe can only mention Eudoxus of Cnidus, Arc 

of Tarentum, Philolaus, Eratofthenes, Ariftarchus of 

Samos, Dinoftratus, the inventor of the uadratrix, 

Menechmus, his brother and the difei of Plato, the 

two Arifteus’s, Conon, Thracidius, icoteles, n 

Theudius, Hermotimus, Hero, and Nicomedes the ine 
ventor 
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véyora£she.conchoid : befides whom, there are many 
other ancient geometricians, to whom this fcience has 
been indebted. 

The Grecks continued their attention to it, even af- 
ter they were {ubdued by the Romans. Whereas the 
Romans themfelves were fo little acquainted with it, 
even in the moft flourifhing time of their republic, that 
"Tacitus informs us they gave the name of mathemati- 
cians to thofe who purfued the chimeras of divination 
and judicial aflrology. Nor does it appear they were 
more difpofed to cultivate Geometry during the decline, 
and after the fall of the Roman empire. But the cafe 
was different with the Greeks ; among whom are found 
many excellent Geometricians fince the commencement 
of the Chriftian era, and after the tranflation of the 
Roman empire. Ptolomy lived under Marcus Aurelius; 
and we have {till extant the works of Pappus of Alex- 


andria, who lived in the time of Theodolius ; the com- 


mentary of Eutocius, the Afcalonite, who lived about 
the year of Chrift 540, on Archimedes’s menfuration 
of the circle; and the commentary on, Euclid, by Pro- 
clus, who lived under the empire of Ahaftafius. 

The confequent inundation of ignorance and barba- 
rifm was unfavourable to Geometry, as well as to the 
other fciences ; and the few who applied themfelves to 
this fcience, were calumniated as magicians. However, 
in thofe times of European darknefs, the Arabians were 
diftinguithed as the guardians and promoters of {eience 5 
and from the gth to the rgth century, they produced 
many aftronomers, geometricians, geographers, &c ; 
from whom the mathematical fciences were again re- 
ceived into Spain, Italy, and the reft of Europe, fome- 
what before the year 1400. Some of the earlieft 
writers after this period, are Leonardus Pifanus, Lucas 
Paciolus or De Burgo, and others between 1400 and 
1500. And after this appeared many editions of 
Euclid, or commentaries upon him: thusy Orontius 
Finzus, in 1530, publithed a commentary on the firft 
6 books; as did James Peletarins, in 15575 and about 
the fame time Nicholas Tartaglia publifhed a commen- 
tary on the whole 15 books. “T’here have been alfo the 
editions, or commentaries, of Commandine, Clavius, 


. Billingfly, Scheubehius, Herlinus, Dafypodius, Ramus, 


Herigon, Stevinus, Saville, Barrow, Taquet, Dechales, 
Furnier, Scarborough, Keill, Stone, and many others 5 
but the completeft edition of all the works of Euclid, 
is that of Dr. Gregory, printed at Oxford 1703, in 
Greek and Latin: the edition of Euclid, by Dr. 
Robert Simfon of Glafgow, containing the firft 6 books, 
with the r1th and 12th, is much efteemed for its cor- 


“* yeétnefs, The principal other elementary writers, be- 


fides the editors of Euclid, are Borelli, Pardies, Mar- 
chetti, Wolfius, Simpfon, &c. And amon: thofe who 
have gone beyond Euclid in the nature of the Elemen- 
tary parts of Geometry, may be chiefly reckoned, 
Apollonius, in his Conics, his Loci Plani, De SeGtione 
Determinata, his Tangencies, Inclinations, Se€tion of a 
Ratio, Se€tion of a Space, &c; Archimedes, in his 
treatifes of the Sphere and Cylinder, the Dimention of 
the Circle, of Conoids and Spheroids, of Spirals, and 
the Quadrature of the Parabola ; Theodotius, in his 
Spherics ; Serenius, in his Sections of the Cone and 
Cylinder; Kepler’s Nova Stereometria 5 Cavalerius’s 
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Geomettia Indivifibilium ; Torricelli’s Opera Geome 
ctrica 3 Viviani, in his Divinationes Geometricz, Exer- 


_ -citatio Mathematica, De Locis Solidis, De Maximis & 


Minimis, &c; Vieta, in his EffeCtio Geometrica, Sup» 

lement. Geometriz, SeGtiones Angulares, Refponfum 
ad Problema, Apollonius Gallus, &e; Gregory Ste 
Vincent’s Quadratura Circuli; Fermat’s Varia Opera 
Mathematica; Dr. Barrow’s Le@tiones Geometrice ; 
Bulliald de Lineis Spiralibus ; Cavalerius; Schooten.and «7 
Gregory’s Exercitationes Geometrice, and Gregory’s 
Pars Univerfalis, &c ; De Billy’s treatife De :Propor— 
tione Harmonica; La Lovera’s Geometria vetrrum ¢ 
promota; Slufius’s Mefolabium, Problemata Solid, &c5 
‘Wallis, in his treatifes De Cycloide, Ciffoide, xc; De 
Proportionibus, De SeCtionibus Conieis, Arithmetica 
Infinitorum, De Centro Gravitatis, De Sectionibus 
Angularibus, De Angulo Contagtus, Cuno-Cuneus, &cy 
&c ; Hugo De Omerique, in his Analyfis Geometrica; 
Pafcal on the Cycloid; Step. Angeli’s Problemata 
Geometrica; Alex. Anderfon’s Suppl. Apollonii Re- 
divivi, Variorum Problematum Praétice, &c; Baro- 
nius’s Geomet. Prob. &c 3 Guido Grandi Geometr. 
Demonttr. &c; Ghetaldi Apollonius Redivivus, &cs 
Ludo!ph van Colen or a Ceulen, de Circulo et Aa 
fcriptis, &c ; Snell’s Apollonius Batavus, Cyclometri- 
cus, &c3 Herberftein’s Diotome Circulorum ; Palma’s 
Exercit. in Geometriam; Guldini Centro-Baryca 3 
with feveral others equally eminent, of more modern 
date, as Dr. Rob. Simfon, Dr. Mat. Stewart, Mr. 
Tho. Simpfon, &c. Since the introduction of the 
new Geometry, or the Geometry of Curve Lincs, as 
expreffed by algebraical equations, in this part of Geo- 
metry, the following names, among many others, are 
more efpecially to be refpeéted, viz, Des Cartes, 
Schooten, Newton, Maclaurin, Brackenridge, Cramer, 
Cotes, Waring, &c, &c. 

As to the fubject of Practical Geometry, the chief 
writers are Beyer, Kepler, Ramus, Clavius, Mallet, 
Tacquet, Ozanam, Wolfius, Gregory, with innumer- 
able others. 

Geometry is diftinguifhed into ‘Theoretical or Spe- 
culative, and Pra@tical. od 

Theoretical or Speculative Geometry, treats of the 
various properties and relations in magnitudes, demon- 
ftrating the theorems, &c. And 

Praédical Geometry, is that which applies thofe 
fpeculations and theorems to particular ufes in the folu- 


* tion of problems, and in the meafurements in the ordi- 


nary concerns of life. : 

Speculative Geometry again may be divided into 
Elementary and Sublime. 

Elementary or Common Geometry, is that which is 
employed in the confideration of right lines and plane 
furfaces, with the folids generated Bent them. And 
the a 

Hither or Sublime Grometry, is that which is em- 
ployed in the confideration of curve lines, conic fections, 
and the bodies formed of them, This part has been 
chiefly cultivated by the moderns, by help of the im~ 
proved ftate of Algebra, ‘and the modern analyfis or 
Fluxions. . 

GIBBOUS, is ufed for the fhape of one ftate-of the 
enlightened part of the moon, being that in which fhe « 

ae appears 


GIv 


appears more than half full or enlightened, which is the 

time between the firft quarter and the full moon, and 

from the full moon to the laft quarter; appearing then 

Gibbous, that is, bunched out, or convex on both fides’ 

of the enlightened part; as contradiftinguithed from 

the ftate when the is lefs than half full, when fhe is faid 
+ to be horned, or a crefcent. 

GIMBOLS, are the brafs rings by which a fea- 

compals is fufpended in its box that ufually ftands in 

the binacle. 

- GIN, in Artillery and Mechanics, is a machine for 

wie great weights, ufually compofed of three long . 

legs, &c, 

TCIRDERS, in Architeéture, are the largeft beams 
or pieces of timber fupporting the floors. ‘Their ends 
are ufually faftened into the fummers, or breaft-fum- 
mers; and the joifts are framed in at one end to the 
Girders. By the ftatute for rebuilding London, no 
Girder is to ‘tie lefs than 10 inches into the wall, and 
their ends. to be always laid in loam, &c. The thorter 
bearings a Girder has, and the oftener it is fupported 
by the internal or partition walls, fo much the better. 
The eftublithed breadth and depth of a Girder, ac- 
cording to its length of bearing, are as in the following 






















tablet : 
a From | to muft be in 
i ! 
€ Breadth Depth 
& . | rove’ rs ft} a1 inc. |g ine. 
2h 8 
ag 15. 18 13 9 
$s | 18 21 14 lo 
6 21 24 16 12 
26 17 14 





GIRT, in ‘Timber-meaturing, is the circumference 
of a tree; though fome ufe this word for the quarter 
or 4th part of the circumference only, on: account 
of the great ufe that is made of it; for the fquare 
of this qth part is efteemed and ufed as equal to 
the area of the feGtion of the tree 3 which f{quare 
therefore multiplied by the length of the tree, is ac- 
counted the folid content. This content however is 
always about one-fourth part lefs than the true quantity ; 
being nearly equal to what this will be after the tree is 
hewed fquare in the ufual way: fo that it feems in- 
tended to make an allowance for the {quaring of the tree. 

Girt-Line, isa line on the common or carpenter's 
fliding rule, employed in cafting up the contents of 
trees by means of their Girt. 

GIVEN, Datum, a term very often ufed in mathe- 
matics, and fignifies fomething that is fuppofed to be 
known. . 

Thas, if a magnitude be known, or if we can find 
another equal to its it is faid to be Given in magnitude, 
Or when the pofition of any thing is known, it is faid 
to be Given in pofition, And when the diameter of a 
circle is known, the cirele is Given in magnitude. Or 
the circle is Given in pofition when its centre is Given 
in pofition, When the kind or fpecies of a figure is 
known, or remains the fame, it is Given in Specie. And 
fo on. 

Vou lL, 
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Euclid wrote a book, of Data, or Conceraigeneti nfs” 
Given, in 95 propofitions, ufually accompanying ‘his 
Elements, in the beft editiuns, and which Pappus 
reckons as one of the bett fpecimens of the analytical 
works of the ancients, _ 

GLACIS, in Fortification, a floping hank reaching 
from the parapet of the counter{carp, or covered-way, 
to the level fide of the field, commonly at the diftance 
of about 40 yards, é 

GLOBE, a round or {pherical bady, more ufually 
called a fphere, bounded by one unifurm convex fur- 
face, every point of which is equally diitant from a 
point within called its centre. Euclid defines the 
Globe, or fphere, to be a folid figure defcribed by the 
revolution of a femi-circle about its diameter, which 
remains unmoved. Alfo, its axis is the fixed line or 
diameter about which the femi-circle revolves; and its 
centre is the fame with that of the revolving femi- 
circle, a diameter of it being any right line that paffes 
through the centre, and terminated both ways by the 
fuperhicies of the fphere. Elem, 11. def. 14,15, 16, 17. 

Euclid, at the ‘end of the rath book, fhews that 
{pheres are to one another in the triplicate ratio of their 
diameters, that is, their folidities are to one another 
as the cubes of their diameters. And Archimedes de- 
termines the real magnitudes and meafures of the fur- 
faces and folidities of {pheres and their fegments, in his 
treatife de Sphara et Cylindro: viz, 1, That the fu- 
perficies of any Globe is equal to 4 times a great cir- 
cle of it.—2, That any fphere is equal to j of its circum. 
{cribing cylinder, or of the cylinder of the fame diame. 
ter and altitude. —3, That the curve furface of the 
fegment of a globe, is equal to the circle whofe vadiug 
is the line drawn from the vertex of the fegment to 
the circumference of the bafe.—4, That the content 
of a folid feétor of the Globe, is equal to a cone whofe 
altitude is the radius of the Globe, and its bafe equal 
to the curve fuperficics o: bafe of the fe@or. With 
many other properties. And from hence are eafily 
deduced thefe praétical rules for the furfaces and foli- 
dities of Globes and their fegments ; viz, 

1. For the Surface of a Globe, multiply the fquare of 
the diameter by 3°1416 5 or multiply the diameter by 
the circumference, 

2. For the Solidity of a Globe, multiply the cube of 
the diameter by +5236 (viz } of 3°C416) 5 or multiply 
the furface by ! of the diameter, 

3- For the Surface of a Segment, multiply the diame. 
ter of the Globe by the altitude of the fegment and the 
product again by 3°1416. 

4: Lor the Sol dity of a Segment, multiply the fquare of 
the diameter of the Globe by the difference between 
3 times that diameter and 2 times the altitude of the 
fegment, and the product again by °5236, or £ of 
3416. 

Henee, if d denote the diameter of the Globe, 
¢ the circumference, 

a thealtitude of any fegment, and 
fb = 31416; then 











The furface.} The folidity 
In the Globe | pd? = cd) S pds _ 
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See the art. Sprean, and my Meufuratioa, p. ry7 
&c, 2d edit. 
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The Gawse, of Ferraqneour Grows, is the body 
or mafs of the earth and water together, which is nearly 
globular, 

Gross, or Artifcial Guose, is more particularl 
ufed for a Globe of metal, plaifter, paper, raltchear 
&c, on the furface of which is drawn a map, or re- 
prefentation of either the heavens or the earth, with 
the feveral circles conceived upon them. And hence 

Grozes are of two kinds, Terreltrial, and Celeftial ; 
which are of confiderable ufe in geography and aftro- 
nomy, by ferying to give a lively reprefentation of 
their principal objects, and for performing and illuftrat- 
ing many of their cperations in a manner eafy to be per- 
ceived by the fenfes, and fo as to be conceived even 
without any knowlcdge of the mathematical grounds of 
thofe {ciences. 

Defeription of the Globes. 

The fundamental parts that are common to both 
Globes, are an axis, reprefenting the axis of the world, 
pafling through the two poles of a {pherical fhell, repre- 
fenting thofe of the world, which fhell makes the body 
of the Globe,upon the external furface of which is drawn 
the reprefentation of the whole furface of the earth, 
fea, rivera, iflands, &c, for the Terreflrial Globe, and 
the ftars and conftellations of the heavens, for the Ce- 
leftial one; befides the equinoétial and ecliptic lines, 
the zodiac, the two tropics and polar circles, and a 
number of meridian lines. There 1s next a brazen me- 
ridian, being a ftrong circle of brafs, circumfcribing 
the Globe, at a {mall diftance from it quite round, in 
which the globe is hung by its two poles, upon which 
it turns round within this circle, which is divided into 
4 times go degrees, beginning at the equator on both 
fides, and ending with go at the two poles. There 
are alfo two fmall hour circles, of brafs, divided into 
twice 12 hours, and fitted on the meridian round the 
poles, which carry an index pointing to the hour. The 
whole is fet in a wooden ring, placed parallel to, and re- 
prefenting the horizon, in which the Globe flides by the 
brafs meridian, elevating or depreffing the pole accord- 
ing to any propofed latitude. There is alfo a thin 
flip of brafs, called a areata of Altitude, made to 
fit on accafionally upon the brafs meridian, at the high- 
eft or vertical point, to meafure the altitude of any 
‘thing above the horizon. A magnetic compafs is 
fometimes fet underneath. See the figure of the Globes 
fo mounted, at fig. 1, plate xii. 

Such js the plain and fimple conftru@ion of the ar- 
tificial Glube, whether celeftial or terreftrial, as adapted 
to the time only for which it is made. But as the 
angle formed by the equator and ecliptic, as well as 
their point of interfeétion, is always changing ; to re- 
medy thefe’ inconveniences, feveral contrivances have 
been nade, fo as to adapt the fame Globes to any 
other time, cither pait or to’come ; as well as other 
contrivances to anfwer particular purpofes. 

Thus, Mr. Senex, a celebrated maker of Globes, 
had a contrivance which, by means of a nut and fcrew, 
caufed the pole of the equator to revolve about the 
pole of the ecliptic, by any quantity anfwering to the 
preceffion of the equinoxeés, fince the .time for which 
the Globe was made. Philof. 'T'ranf. number 447, oF 
Abr. vol. 8, p. 217, alfo Philof. Tranf, vol. 46, p. 290. 

Mr. Jofeph Harris, late affay-mafter of the Mint, 
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made fome contrivances to fhew the effects of the earth's 
motions. He fixed two horary circles under the brafs 
meridian, to the axis, one at each pole, fo as to tyra 
round with the-Globe, and that meridian ferved as an 
index to cut the horary divifions.. The Globe in this 
ftate ferves equally for refolving problems-in both north 
and fouth latitudes, as alfo in places near the equator; © 
whereas, in the common conftruétion, the axis and ho- 
rary circle prevent the brafs meridian from being move-* 
able quite round in the horizon. This Clobe is alfo 
adapted for fhewing how the viciffitudes of day and 


“night, and ‘the alteration of their lengths, are really 


occafioned by the motion of the earth : fur this purpofe, 
he divides the brafs meridian, at one of the poles, into 
months and days, according to the fun’s declination, 
reckoning from the pole. ‘Therefore, by bringing the 
day of the month to the horizon, and reétifying the 
Globe according to the time of the day, the horizon 
will reprefeat the circle feparating light and darknefs, 
and the upper half of the Globe the illuminated hemi- 
{phere, the fun being in the zenith. Mr. Harris alfo 
gives an account of a cheap machine for fhewing how 
the annual motion of the earth in its orbit caufes the 
change of the fun’s declination, without the great ex- 
pence of an orrery. Philof. Tranf. number 456, of 
Abr. vol. 8, p. 352- 

The late Mr. George Adams made alfo fome ufeful 
improvements in the conftruétion of the Globes. Be- 
fides what is ufual, his Globes have a’thin brafs femi- 
circle moveable about the poles, with a {mall thin flid- 
ing circle upon it. On the terreftrial. Globe, the for- 
mer of thefe isa moveable meridian, and the latter is the 
vifible horizon of any particular place to which it is 
fet. But on the celeftial Globe, the femi-circle is a 
moveable circle of declination, and its {mall annexed 
circle an artificial fun or planet.- Each Globe has a 
brafs wire circle, placed at the limits of the twilight. 
The terreftrial Globe has many additional circles, as 
well as the rhumb-lines, for refolving all the neceffa 
geographical and nautical problems: and on the celef~ 
tial Globe are drawn, on each fide of the ecliptic, 8 
parallel circles, at the diftance of one degree from each 
other, including the zodiac ; which are croffed at right. 
angles by fegments of great circles at every 5th degree 
of the ecliptic, for the more readily noting the place of 
the moon or of any planet upon the Globe. On the * 
ftrong brafs circle of the terreitrial Globe, and about 
234, degrees on each fide of the north pole, the days 
of each month are laid down according to the fun’s de- 
clination: and this brafs circle is fo contrived, that the 
Globe may be placed with the north and fouth poles 
in the plane of the horizon, and with the fouth pole 
elevated above it. The equator, on the furface of either 
Globe, ferves the purpofe of the horary circle, by 
means of a femi-circular wire placed in the plane of 
the equator, carrying two indices, one of which is oc- 
cafionally to be ufed to point out the time. Fora. 
farther account of thefe Globes, with the method of 
ufing them, fee Mr. Adams’s treatife on their conftruce. 
tion and ufe. “s 

There are alfo what are called Patent Globes, made- 
by Mr. Neale ; by means of which he refolves feverst 
aftronomical problems, which do not admit. of folutiea 
by the common Globes. - 

. re 
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Mr. Fergufon likewife made feveral improvements 
of the Globes, particularly one for.conftru@ing dials, 
and another called a planetary Globe. See Philof. 
Tranf, vol. 44, p. 535, and Fergufon’s Aftron. p. 291, 
and 292. 

Lafily, in the Philof. Tranf. for 1789, vol. 79, p. 1, 
Mr. Smeaton has propofed fome improvements of the 

. celeftial Globe, efpecially with refpe& to the quadrant of 
altitude, for the refolution of problems relating to the 
azimuth and altitude. The difficulty, he obferves, that 
has occurred in fixing a femicircle, fo as to have a 
centre in the zenith and nadir points of the Globe, at 
the fame time that the meridian is left at liberty to 
raife the pole to its defired elevation, I fuppofe, has in- 
duced the Glohe-makeis to be contented with the ftrip 
of thin flexible brafs, called the quadrant of altitude ; 
and it is well known how imperfeétly it performs its 
office. The improvement I have attempted, is in the 
application of a quadrant of altitude of a more folid 
conftruétion ; which being affixed to a brafs focket of 
fome length, and this ground, and made to turn upon 
an upright fteel f{pindle, fixed in the zenith, fteadily 
direéts the quadrant, or rather arc, ‘of altitude to its 
true azimuth, without being at liberty to deviate from 
a vertical circle to the right hand or left: by which 
means the azimuth and altitude are given with the fame 
exatnefs as the meafure of any other of the great cir- 
cles. For a more particular defcription of this improve- 
ment, illuftrated with figures, fee the place above 
quoted. 


The fe of the Terreftrial Grone. 


Pros. I. To find the latitude and longitude of any place. 
Bring the place to the graduated fide of the firlt-me- 
ridian: then the degree of the meridian it cuts is the 
latitude fought; and the degree of the equator then 
under the meridian is the longitude. 

Il. To fad a place, having a given latitude and longi- 
tude.—-Find the degree of longitude on the equator, 
and bring it to the brafs meridian ;, then find the de- 
gree of latitude on the meridian, either north or fouth 
of the equator, as the given latitude is north or fouth; 
then the point of the Globe juft under that degree of 
latitude is the place required. 

IIL. To find all the places on the Globe that have the 
fame latitude, and the fame longitude, or hour, with a given 
place, as fuppofe London.—Bring the given place Lon- 
don to the meridian, and obferve what places are juft 
under the edge of it, from north to fouth; and all 
thofe places have the fame longitude and hour with it. 


‘Then turn the Globe quite raund ; and all thofe places . 


which pafs juft under the given degree of latitude on 
the meridian, have the fame latitude with the given 
lace. : 

IV. To jind the Antaci, Periaci and Antipodes, of any 
given place, fuppofe London.—Bring the given place 
London to the meridian, then count 51} the fame de- 
gree of latitude fouthward, or towards the other pole, 

- and the point thus arrived at will be the Afteeci, or 
where the hour of the day or night is always the fame 
at both places at the fame time, and where the feafons 
and lepgths of days and nights are alfo equal, but at 
half a year diftance from each other, becaufe their fea- 
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. iad 
fons are oppolite or .contrary, London—Aeing, fill 
under the meridian, fet the hour index to 12. at noon, 
or pointing towards London ; then turn the Globe jut 
half round, or till the index point to the oppofite 
hour, or ¥2 at night; and the place that comes under 
the fame degree of the meridian where London was, 
thews where the Perici dwell, or thofe people that 
have the fame feafons and at the fame time as Lon- 
don, as alfo the fame length of days and nights &c at 
that time, but only their time or hour is juit oppofite, 
or 12 hours diftant, being day with one when night 
with the other, &c. Laftly, as the Globe ftands, 
count down by the meridian the fame degree of lati- 
tude fouth, and that will give the place of the Anti- 
podes of London, being diametrically under or oppofite 
to its and fo having all its times, both hours and fea- 
fons oppofite, being day with the one when night with 
the other, and fummer with the one when winter with 
the other. 

V. To find the Diftance of two places on the Globe. 
If the two places be either both on the equator, or both 
on the fame meridian, the number of degrees in the 
diftance between them, reduced into miles, at the rate 
of 70 Englifh miles to the degree, (or more exact 
69%), will give the diftance nearly. But in any other 
fituations of the two places, lay the quadrant of alti- 
tude over them, and the degrees counted upon it, from 
the oue place to the other, and turned into miles as 
above, will give the diftance in this cafe. , 

VI. To fad the Difference in the Time of the day at 
any two given places, and thence the Difference of Longi- 
tude.—-Bring one of the places to the meridian, and fet 
the hour index to 12 at noon; then turn the’ Globe 
till the other place comes to the meridian, and the in- 
dex will point out the difference of time ; then by al- 
lowing 15° to every hour, or 1° to 4 minutes of time, 
the difference of longitude will be known.—Or the dif. ° 
ference of longitude may be found without the time, 
thus : 

Firft bring the one place to the meridian, and note 
the degree of longitude on the equator cut by it; then 
do the fame by the other place; which gives the lon- 
gitudes of the two places; then fubtra¢ting the oue 
number of degrees from the other, gives the difference 
of longitude fonahi. 

VII. The tima being known at any given place, as 
Suppofe London, to find what hour itis in any other part 
of the world.—Bring the given place, London, to the 
meridian, and fet the index to the given hour; then 
turn the Globe till the other place come to the meri- 
dian, and look at what hour the index points, which 
will be the time fought. 

VILL. To find the Sun’s place in the ecliptic, and alfa 
on the Globe, at any given times—Look into the calendar 
on the wooden horizon for the month and day of 
the month propofed, and immediately oppofite ftands 
the fign and degree which the fun is in on that day. 
Then in the ecliptic drawn upon the Globe, look for 
the fame fign and degree, and that will be the place of 
the fun required. 

IX. To find at what place on the earth the fun is 
vertical, at a given moment of time at another place, as 
Suppofe London.—Find the fun’s place on the Globe’ 
by the laft problem, and tura the Globe about till 

342 : that 


GLO 


that plac come to the meridian, and note the degree 
of the meridian juft over it. Then tura the Globe 
till the given place, London, come to the meridian, 
and fet the index to the given moment of time. Laftly, 
turn the Globe till the index points to 12 at noon ; 
then the place of the earth, or Globe, which ftands 
under the before noted degree, has the fun at that mo- 
ment in the zenith, 

X. To find how long the fin fhines without feiting, 
én any givin place in the frigid xcnes. Subtract the 
degrees of latitude of the given place from go, which 
gives the complement of the latitude, and count the 
number of this complement upon the meridian from the 
equator towards the pole, marking that point of the 
meridian ; then turn the Globe round, and carcfully ob- 
ferve what two degrees of the ecliptic pafs exa@ily un- 
der the point marked on the meridian. ‘Then look for 
the fame degrees of the ecliptic on the wooden horizon, 
and jul oppofite to them ftand the months and days 
of the months correfponding, and between which two 
days the fun never fets-in that latitude. 

If the beginning and end of the longeft night be 
required, or the period of time in which the fun-never 
rifes at that place ; count the fame complement of la- 
titude towards the fouth-or fartheft pole, and then the 
reft- of the work, will be the fame in all refpe&ts as 
above. 

Note, that this folution is independent of the hori- 
zontal refraGtion of the fun, which raifes him rather 
more than half a degree higher, by that means making 
‘the day fo much longer, and the night the fhorter ; 
therefore in this cafe, fet the mark on the meridian half 
a-degree higher up towards the north pole, than what 
the complement of latitude gives; then proceed with 
it as before, and the more exact time and length of the 
longeft day and night will be found. 

Er. A place being given in the torrid zone, to find on 
what two days Ke the year the fun is vertical at that 
place.—-~Turn the Globe about till the given place 
come to the meridian, and note the degree of the me- 
ridian it comes under. Next turn the Globe round 
again, and note the two points of the ecliptic paffing 
under that degree of the meridian. Laflly, by the 
wooden horizon, find on what days the fun is in thofe 
two points of the ecliptic ; and on thefe days he will be 
vertical to the given place. 

_ _XIL Yo find thofe places in the torrid zone to which 
the fun is'vertical ou a given day. Having found the 
fun’s place in the ecliptic, as in the 8th problem, turn 
the Globe to bring the fame point of the ecliptic on 
the Globe to the meridian; then again turn the Globe 
round, and note all the places which pafs under that 
point of the meridian; which will be the places 
fought. 

After the fame manner may be found what people 
are Afcii for any- given day. And alfo to what place 
of the earth, the moon, or any other planet, is vertical 
on a given day ; finding the place of the planet on the 

Jobe by means of its right afceniion and. declinationy 
ike finding a place fiom its longitude and latitude, 
aven, 

XIII. To reSify the Globe for the latitude of any place.. 
w—~By fliding the brafs meridian in its groove, elevate 

Ak 
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the*pole as far above the horizon 4s is equal to the Ta- 
titude of the place; fo for London, raife the north 
pole 514 degrees above the wooden horizon: then tura 
the Globe on its axis till the place, as London, come 
to the meridian, and there fet the index to 12 at noons 
Then is the place exaétly on the vertex, or top point of 
the Globe, at go° every way round from the wooden 
horizon, which reprefents the horizon of the place. 
And if the frame of the Globe be turned about till the ° 
compafs needle point to 22§ degrees, or two points 
weit of the north point (becaufe the variation of the 
magnetic needle is nearly 224 degrees weit), fo fhall the 
Globe then. ftand m the exact pofition of the earth, with 
its axis pointing to the north pole. 

XIV. To find the length of the day or night, or the 
fun’s rifing or felting, in any latitude ; having the day of 
the month given, Reétify the Globe for the latitude 
of the place; then bring the fun’s place on the globe to 
the meridian, and fet tBe index to 12 at noon, or the 
upper 12, and then the Globe is in the proper pofition 
for noon day. Next turn the’Globe about towards 
the eaft till the fun’s place come just to the wooden ho-~ 
rizon, and the index will then point to the hour of fun- 
rife; alfo turn the Globe as far to the weft fide, or tilt 
the fun’s place come juft to the horizon on the welt, 
fide, and then the index will point to the hour of fun- 
fet. Thefe being now known, double the hour of 
fetting will be the length of the day, and double the 
rifing will be the length of the night.—And thus alfo 
may the nie, of the longeft day, or the fhorteft 
day, be found for any latitude. : 

XV. To find the beginning and end of Twilight on any 
day of the year, for any latitude. It is twilight all the 
time from funfet till the fun is 18° below the horizon, 
and the fame in the morning from the time the fun'is 
18° below the horizon till the moment of his rife. 
Therefore, rectify the Globe for the latitude of the 

lace, and for noon by fetting ‘the index to 12, and 
crew on the quadrant of altitude. Then take the 
point of the ecliptic oppofite the fun’s place, and turn 
the Globe on its axis weftward, .as alfo the quadrant of 
altitude, till that point cut this quadrant in the 18th 
degree below the horizon, then the index will fhew the 
time of dawning in the morning ; next turn the Globe 
and quadrant of altitude towards the eaft, till the faid 
point oppofite the fun’s place meet this quadrant in the 
fame 18th degree,. and. then the index will fhew the 
time when twilight ends in the-evening. ; 

XVI. At any given day, and hour of the day, ta Jind 
all thofe places on the Globe where the fun then rifes, on 
Sets, as alfo where it is noon day, where it is day light, 
and where: it is in darkueft. Find what place the 
fun is vertical to, at that time ; and elevate the .Globe 
according to the latitude of that place, and bring the 
place alfo to the meridian ; in which fate it will alfo 
bein the zenith of the Globe. Then is.all the upper 
hemifphere, above the wooden. horizon, enlightened,, 
or in day light: ; while alk the lower-one, ‘below the 
horizon, is in.darknefs, or night : thofe places by the 
edge of the meridian, inthe upper hemifphere, have 
noon day, or 12 0’clock; and thofe by the meridian. 
below, have it midnight : laftly, all thofe places by. 
the eaftern fide of the horizon, have the fun juft fet- 
ting, 











GLO 


ting, and thofe by the weftern horizon have him jot 
rifing. E 

ence, as in the middle of a lunar eclipfethe moon 
is in that degree of the ecliptic oppofite to the fun’s 
place ; by the prefent problem it may be fhewn what 
places of the earth then fee the middle of the eclipfe, 
and what the beginning or ending; by ufing the moon’s 
place inftead of the fun’s place in the problem. 

XVII. To find the bearing of one place from another, 
and their ang'e of pofition. ‘Bring the one place to 
the zenith, by rectifying the Globe for its latitude, 
and turning the Globe till that place come to the me- 
ridian ; then fcrew the quadrant of altitude upon the 
meridian at the zenith, and make it revolve till it come 
to the other place on the Globe ; then look on the 
wooden horizon for the point of the compafs, or num- 
ber of degrees from the fouth, where the quadrant of 
altitude cuts it, and that will be the bearing of the lat-‘ 
ter place from the former, or the angle of pofition 
fought. 





The Ufe of the Geleftial Groe. 

The Celeftial Globe differs from the terreftrial only 
in this; inftead of the feveral parts of the earth, the 
images of the {tars and conftellations are defigned. The 

. meridian circle drawn through thetwo poles andthrough 
the point Cancer, reprefents the folftitial colure; but 
that through the point Aries, reptefents the equinodtial 
colure. 

Pros. XVIII. Zo exhibit the true reprefentation of 
the face of the heavens at any given time and place-—— 
Reétify for the lat. of the place, by prob. 13, fetting 
the Globe with’ its-pole pointing to the pole of the 
world, by means of a compafs. Find the fun’s place 
in the ecliptic, and turn the Globe to bring it to the 
meridian, and there fet the index to 12 at noon. Again 
revolve the Globe on its axis, till the index point to the 
given hour of the day or night: fo fhall the Globe in 
this pofition exaétly reprefent the face of the heavens as 
it appears at that time, every conftellation and ftar, in 
the heavens, anfwering in pofition to thofe on the 
Globe ; fo that, by examining the Globe, it will im- 
mediately appear which ftars are above or below the 
horizon, which on the eaft or weftern parts of the hea- 
vens,” which lately rifen, and which going to fet, &c. 
And thus the pofitions of the feveral planets, or comets, 
may alfo be exhibited ; having marked the places of the 
Globe where they are, by means of their declination 
and right afcenfion, 

XIX. To find the Declination and Right-afcenfion of any 
flar upon the Globe. ‘Turn the Globe till the far 
come tothe meridian: then the number of degrees on 
the meridian, between the equator and the ftar, is its 
declination ; and the degree of the equator cut by the 
meridian, is the right-afcenfion of the ftar. In like 
manner are found the declination and right-afcenfion of 
the fun, or any other point. 

XX. To find the Latitude and Longitude of aay far 
drawn upon the Globe.——Bring the folftitial’ colure to. 
the meridian, and there fix the quadrant of altitude 
over the pole of the ccliptic in the fame hemifphere 
with the far, and bring its graduated edge to the ftar: 
then the degree on the quadrant cut by the ftar is its 
Ratitude, counted from the ecliptic; and the degree of 
the ecliptic cut by the quadrant its longitude, 
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_XXI. To find the place of a far, planet,.comes, ee 
on the Globes its declination and right-afcenfion being 
knowne Find the given point of right-afcenfion on 
the equinoétial, and bring-it to the meridian; then 
count the degrees of declination upon the meridian 
from the equinodtial, and there make a mark on the 
Globe, which will be the place of the planet, &c, 
fought. 

XXII. To find the place of a flar, planet, comet, or 
other object on the Globe ; its latitude and longitude being 
given. Bring the pole of the ecliptic to the meri- 
dian, and there fix. the quadrant of altitude, which 
turn round till its edge cut the given longitude on the 
ecliptic ; then count the given latitude, from the eclip- 
tic, upon the quadrant of altitude, and there make a 
mark on the Globe, which will be the place of the pla- 
net, &c, fought. The place onthe Globe, of any 
fuch planet, &c, being found by this or the foregoing 
problem, its rifing, or fetting, or any other circum- 
flance concerning it, may then be found, the fame as 
the fun, by the proper problems. 

XXIII. To find the rifing, fetting, and culminating 
o aflar, planet, fun, Fe ; with its continuance above the 
horizon, for any place and day ; as alfo its oblique af- 
cenfion and defcenfion, with its caflern and weftern ampli- 
tude and azimuth. Adjutt the Globe to the ftate of 
the heavens at 12'0’clock that day. Bring the itar, 
&c, to the eaftern fide of the horizon: which will 
give its eaflern amplitude and azimuth, and the time of 
rifing, as for thefun. Again, turn the Globe to bring 
the fame ftar to the weltern fide of the horizon : fo will 
the weftern amplitude and azimuth, with the time of 
fetting, be found. ‘Then, the time of rifing, fubtradt- 
ed from that of fetting, leaves the continuance of the 
ftar above the horizon : this continuance above the ho- 
rizon taken from 24 hours, leaves the time it is below 
thé horizon. Laftly, bring the {tar to the meridian, 
and the hour to which the index then points is the time. 
of its culmination, or fouthing. : 

XXIV. To find the altitude of the fun, or far, Sc, for” 
any given hour of the day of night. Adjult the Globe 
to the pofition of the heavens, and turn it till the index 
point at the given hour. Then fix onthe quadrant of 
altitude, at go degrees from the horizon, and turn it to. 
the place of the fun er ftar:. fo fhall the degrees of the 
quadrant, intercepted between the horizon and the 
fun or ftar, be the altitude fought. 

XXV.. Given the altitude of the fun by day,,or ¥a far 
by night, to find the hour of the day or night. edtify: 
the Globe as in the foregoing problem; and turn the 
Globe and quadrant, till fuch time as the {tar or de- 
gree of the ecliptic the fun is in, cut the quadrant in the 
given degree of altitude 5. then will the index point at 
the hour required. 

XXVI. Given the aximuth of the fun or a flar;.to find’ 
the time of the day or night.- Reétify the Globe, and 
bring, the quadrant to the -given.azimuth in the hori-~ 
zon ; thenturn the Globe till the fun or ftar come to 
the quadrant, and the index will then fhew the time of 
the day or night. 2 

GLOBULAR, relating to, or partaking the: pro- 
perty or fhape of, the Globe. As Globular chart, 
Globular projeétion, or Globular failing, &c. ; 

Grosuiar Chact, is a veprefentation of the furface, 

: or. 
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or part*of the furface, -of the terraqueous Globe upon 
a plane ; in which the parallels of latitude are circles’ 
nearly concentric ; and the meridians are curves bend- 
ing towards the poles ; the rhumb-lines being curves 
“alfo. 

The merits of this chart confift in thefe particulars, 
viz, that the diftances between places on the fame rhumb 
are all meafured by the fame feale of equal parts; and 
the diftance of any two placcs in the arch of a great cir- 
cle, is nearly reprefented in this chart by a ftraight line. 

Land maps alfo made according to this proje@tion 
would have great advantages over thofe made in any 
other way. But for fea charts for the ufe of naviga- 
tion, Mercator’s are preferable, as both the meridians 
and parallels, as alfo the rhembs, are all flraight 
lines. , 

This projection is not new, though not much no- 
ticed till of late. It is mentioned by Ptolomy, in his 
Geography ; and alfo by Blundeville, in his Exercifes. 

For Globular projection of maps or charts, fee Mar. 

Guosurar Sailing, is the method of refolving the 
cafes of failing upon principles deduced from the 
Ipherical figure pf the earth. Such as Mercator’s fail. 
ing, or Great-circle failing ; which fec. 

GLOSSOCOMON, in Mechanics, is a name given 
by Heron to a machine compofed of divers* dented 
wheels with pinions, ferving to raife huge weights. 

GNOMON, in Aftronomy, is an inftrument or ap- 
paratus for meafuring the altitudes, declinations, &c, of 
the fun and ftars. fhe Gnomon is ufually a pillar, or 
column, or pyramid, ereéted upon level ground, or a 
pavement. For making the more confiderable obferva- 
tions, both the ancients dnd moderns have made great 
ufe of it, efpecially the former; and many have pre- 
ferred it to the fmaller quadrants, both as more accu- 
rate, eafier made, and more eafily applied. 

Themottancient obfervation of this kindextant, is that 

- made by Pytheas, in the time of Alexander the Great, 
at Marfeilles, where he found the height of the Gno- 
mon was in proportion to the meridian fhadow at the 
fummer folftice, as 213} to 600 5 juft the fame as Gaf- 
fendi found it to be, by an obfervation made at the 
fame place, almoft 2000 years after, viz, inthe year 

, 1636. Ricciol. Almag. vol. 1, lib. 3, cap. 14. 

Ulugh Beigh, king of Parthia, &c, ufed a Gnomon 
in the year 1437, which was 180 Roman feet high. 

- That erected by Ignatius Dante, in the church of St. 
Petronius, at Bologna, in the year 1576, wae 67 feet 
high. M. Caffini erected another cf 20 feet high, in 
the fame church, in the year 1655. 

The Egyptian obelifks were alfo ufed as Gnomons ; 
and it is thought by fome modern travellers that this 
was the very ufe they were defigned and built for ; it 
has alfo been found that their four fides ftand exatly 
facing the four cardinal points of the compafs, It may 
be added, that the Spaniards in their conqueft of Peru, 
found pillars of curious and éoftly workmanfhip, fet up 
in feveral places, by the meridian fhadows of which 
their amatas or philofophers had, by long experience 
and repeated obfervations, learned to determine the times 
of the equinoxes ; which feafons of the year were cele- 
brated with great feltivity and rich offerings, in honour 
ofthe fun, “Garcillaffo de la Vega, Hift. Peru. lib. 2, 
cap. 22. : 
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Uss of the Gnomon, in taking the meridian altitude of 
the Sun, and thence finding the Latitude of the place. 
A meridian line being drawn through the centre of the 
Gnomon, note the point where the fhadow of the 
Gnomon terminates when projected along the meridian 
line, and meafure the diftance of that extreme point 
from. the centre of the Gnomon, which will be the 
length of its fhadow. Then having the height of the 
Gnomon, and the length of the fhadow, the fun’s alti- * 
tude is thence cafily found. < 














C 





Suppofe, ex. gr. AB the Gnomon, and AC 
the length of the fhadow. Here in the right-angled 
triangle ABC, are given the bafe AC, and the 
perpendicular AB, to find the angle C, or the fun’s 
altitude, “which will be found by this analogy, as 
CA: AB:: radius: the tang. of £ C, that is, as the 
length of the thadow is to the height of the Gnomon, 
fo is radius to the tangent of the fun’s altitude above the 
horizon, : 

The following example will ferve to illuftrate this 
propofition: Pliny -fays, Nat. Hift. lib. 2, cap. 72, 
that at Rome, at the time of the equinoxes, the fha- 
dow is to the Gnomon as 8 to 9; therefore as 


8:93: 1 or radius; 2 = 1'125 a tangent, to which 


anfwers the angle 48° 22/, which is the height of the 
equator at Rome, and its complement 41° 38° is 
therefore the height of the pole, or the latitude of the 
lace, 

- Riccioli remarks the following defeéts in the obferva- 
tions of the fun’s height, made with the Gnomon by 
the ancients, and fome of the moderns; viz, that they 
neglected the fun’s parallax, which makes his apparent 
altitude lefs, by the quantity of the parallax, than it 
would be, if the Gnomon were placed at the centre of 
the earth: 2d, they neglected alfo the refraction, by 
which the apparent height of the fun is a little increaf- 
ed: and jdly, they madg the calculations from the 
length of the fhadow, as if it were terminated by a 
ray coming from the centre of the fun’s difc, whereas 
the fhadow is really terminated by a ray coming from 
the upper edge of the fun’s dife ; fo that, initead of 
the height of the fun’s centre, their calculations gave 
the height of the upper edge of his dife. And there- 
fore, to the altitude of the fun found by the Gnomon, 
the fun’s parallax muft be added, and from the fum 
muft be fubtraéted the fun’s femidiameter, and refrac- 
tion, which is different at different altitudes ; which 
being done, the correct height of the equator at Rome 
will be 48° 4’ 13”, the complement of which, or 

41° 55/ 46”, is the latitude. Ricciol. Geogr. 
Refor. lib. 7, cap. 4. 
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The preceding problem may be refolved more accu- 
rately by means of a ray of light let in through a fmall 
hole, than by a thadow, thus: Make w circular perfo- 
ration in a brafs plate, to tranfmit enough of the fun’s 
rays to exhibit his image on the floor, ora flage ; fix 
the plate parallel to the horizon in a high place, pro- 
per for obfervation, the height of which above the foor 
let be accurately meafured with a plummet. Let the 
* floor, or flage, be perfe€ily plane and horizontal, and 
coloured over with fome white fubftance, to thew the 
fun more diftin@ly. Upon this horizontal plane draw 
a meridian line palling through the foot or centre of the 
Gnomon, i. e. the point upon which the plummet falls 
from the centre of the hole; and upon this line note the 
extreme points I and K of the fun’s image or diameter, 
and from each end fubtraét the image of half the dia- 
meter of the aperture, viz KH and LI: then will HL 


be the image of the fun’s diameter, which, when bifeét- ° 


ed in B, gives the point on which the rays fall from 
the centre of the fun. 





Now having given the line AB, and the altitude of 
the Gnomon » befide the right angle A, the angle 
B, or the apparent altitude of the fun’s centre, is eafily 
found, thus: as AB: AG:; radius: tang. 
gle B. 

Gyomon, in Dialling, is the ftyle, pin, or cock of 
a dial, the thadow of which points out the hours. This 
is always fuppofed to reprefent the axis of the world, 
to which it is therefore parallel, or coincident, the two 
ends of it pointing ftraight to the north and fouth poles 
of the world. 

Gromon, in Geometry, is a figure formed of the 
two complements, in a parallelogram, together with 
either of the parallelograms ahout 
the diameter. ‘hus the parallelo- 
gram AC being divided into four 
parallelograms by the two lines 
DG, EF parallel to the fides, 
forming the two complements AB 
and BC, with the two DE, FG 
about the diameter HI: then the two Gnomons 
are AB + BC + DE, 
and AB + BC + FG. 

Gromontc Projection of the Sphere, is the reprefenta- 
tion of the circles.of an hemifphere upon a plane touch- 
ing it in the vertex, by the eye in the centre, or by 


an- 


E ies 





lines or rays iffuing from the centre of the hemifphere,” 


to all the points in the furface. 

In this projection of the {phere, all the great circles 
are projected into right lines, on the plane, ofan indefi- 
nite length ; and all leffer circles that are parallel to 
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the plane, into‘cireles ; but if oblique to the: plane, then 
are they projected either into ellipfes or hyperbotas, ac- 
cording to their different obliquity. It fe its name 
from Gnomonics, or Dialling, becaufe the lines on the 
face of every dial are from a projection of this fort: for 4 
if the {phere be projected on any plane, and upon that 
fide of it on which the fun is to fhine ; alfo the pro- 
jected pole be made the centre of the dial, and the axis 
of the globe the ftyle or Gnomon, and the radius of 
projection its height ; you will havea dial drawn with 
all its furniture. Sce .Emerfon’s Proje€tion of the 
Sphere. ei 

GNOMONICS, the fame as Diattinc 3 or the art 
of drawing fun and moon dials, on any given plane; 
being fo called, becaufe it fhews how to find the hour 
of ps day or night by the fhadow of a Gnomon or 
ftyle. 

GOLDEN Number, is the particular year of the Me+ 
tonic or Lunar Cycle. See Lunar Cy cue. 


To find the Golden Number : 1791 
Add 1 to the given year, and 1 


divide the furh by 19, and what Serer 
remains will be the C@haen Num- 19)1792(94 
ber; unlefso remain, for then 274s. 
19 is the Golden Number. b2 
Thus, the Golden Number for 76 
the year 1791, is 6; as by the |GoldenNo.6 





opefation in the margin, a 
Goxpen Rule, a rule fo called on account’ of its ex= 
cellent ufe, in arithmetic, and efpecially in ordinary cal 
culations, by which numbers are found in certaia propor- 
tions, viz, having three numbers given, to find a 4th, 
number, that fhall have the fame proportion to the 3das. 
the zd hath tothe-1ft. On this account, it is otherwife 
and The Rule of Proportion. 








See Ruve of Three. 

Having ftated, or fet down in a line, the three terms;, 
in the order in which they are proportional, multiply 
the 2d and 3d together, and divide the produ by the 
1ft, fo fhall the quotient be the anfwer, or the 4th 
term fought.’ 

Thus, if 3 yards of cloth coft a guinea or 21 fhil- 
lings, what will 20 yards coft. Here the two prices: 
or values muft bear the fame proportion to each other: 
as the two quantities, or number of yards of cloth, i. e.. 
3 mutt bear the fame proportion to 20, as 21s, the 
value of the former, mutt bear to the value of the lat- 
ter: and therefore the ftat- 
ing and operation of the 
numbers will be thus, 















203: 21: 





gs 1408. 


Then multiplying the 20 
2d and 3d together, and = 
dividing ‘the produé by 3.)420 
the 1ff, it gives 140s. or Quot. 140s. 
71. for the anfwer, being or 7h. 





the coft of 20 yards, 


GONIOMETRICAL Lines, are lines ufed for 
meafuring or determining the quantity of angles: fuch 
as fines, tangents, fecants, verfed fines, &a. 

Mr. Jones, in the Philof. Tranf. number 483, fea. 
26, gave a paper, containing a commodious difpofition 
of equations for exhibiting the relations of Goniome- 
trical Lines ; from which a. multitude of curious thea» 

rems: 
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‘vems miay be derived. See alfo Robertfon’s Elem. of 
Navigation, vol. 1, p. 181, Edit. 4. 7 
GONIOMETRY, a method of meafuring angles, 
‘f called by M. de Lagny, who gave feveral papers, on 
_ this method, in the Memoirs of the Royal Acad. an. 
“ £7245/1725, 1729. M. de Lagny’s method of Gonio- 
metry confits in meafuring the angles” with a pair of 
compaffes, and that without any feale whatever, except 
an undivided femicircle. Thus, having any angle 
‘drawn upon paper, to be meafured ; produce one of the 
fides of the ae backwayds behind the angular point ; 
_ then with a pair of fine compaffes deferibe a pretty 
large femicircle from the angular point as a centre, cut= 
ting the fides af the propofed.angle, which will inter- 
cept a part of the femicircle. Take then this intercepted 
part very exacly between the points of the compaffes, 
and turn them fucceffively over upon the are’ of the fe- 
micircle, to find how often it is contained in it, after 
which there is commonly fome remainder: then take 
this remainder in the compaffes, and in like manner 
find how, often it is contained in the lait of the integral 
parts of the if arc, with again fome remainder : tind 
in like manner how often this la(t remainder is contained 
in the former; and {fo on continually, till the remainder 
become too {mall to be taken and applied as a meafure. 
By this means he obtainsa feries of quotients, or fraction- 
al parts, one of another, which being properly reduced 
into one fraction, give the ratio of the firft arc to the 
femicircle, or of the propofed .angle to two righif an- 
les, or 180 degrees, and confequently that angle it- 
felfin degrees and minutes. 


- 





Thus, fuppofe the angle BAC be propofed to be 
meafured. Produce BA out towards f ;"and from the 
centre A defcribe the femicircle abcf, in which ab is the 
meafure of the propofed angle. ‘Take ab in the com. 
paffes, and apply it 4 times on the femicircle, as at 
6, ¢, d, and 2 ; then take the remainder fe, and apply it 
back upon ed, which is but once, vizat g; again take 

’ the remainder gd, and apply it 5 times on ge, as at 
4, i, b, |, andm ; laftly, take the remainder me, and 
it is contained juft 2 times in m/. Hence the feries of 
quotients is 4, 1, 5, 23 confequently the qth or lait 
arc em is ¢ the third m/ or gd, and therefore the 3d 


arc gd is a or #7, of the 2d arc of; and therefore 


I 


2 


again this 2d are ef is 
‘ ifr 


ory of the rft arc ad ; and 


confequently this rf arc ab boy or £3 of the whole 


t 
femicircle af. But 44 of 180° are 37% degrees, or 37° 
8’ 34’, which therefore is the meafure of the angle 
fought. When the operation is nicely performed, this an- 

may be within 2 or 3 minutes of the truth; though 


re 
i. de Lagny pretends to meafure muchnearer than that. 
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It may be added, that the feries of fra@tions forms 
what is called a continued fraétion. Thus, in the ex- 
ample above, the continued fraction, and its redution, 
will be as follow: i 

4 


~ 42 
are 


, 


a - 


arb 637 


1 
x=—, t = 
+ +, a ify 

z 
the quotients being the fucceflive denominators, and 1, 
always for each numerator. 

GORGE, or Nec#, in Archite&ure, is the nar 
roweft part of the Tufcan or Doric capitals, tying 
above the thaft of the pillar, between the aftragal an 
the annulets. 

It is alfo a kind of concave moulding, ferving for 
compartments &e, larger than a {cotia, but not fo deep. 

Gorce, in Fortification, is the entrance into a baf- 

. Hon; ora ravelin, or other out-work. 

The Gorce of a Baftion, is what remains of the fides 
of the polygon of a place, after cutting off the curtains 4 
in which cafe it makes an angle im the centre of the baf- 
tion, viz, the angle made iy two adjacent curtains 
produced to meet within the baftion. 

In flat baitions, the Gorge is a right line on the cur- 
tain, reaching between the two flanks. 

Gorce of @ Half-moon, or of a Ravelin, is the {pace 
between the two ends of their faces next the place. 

Gorce of the other out-works, is the interval be« 
tween their fides next the great ditch, 

All the Gorges are to be made without parapets: 
otherwife the befiegers, having taken poffeffion of a work, 

~ might make ufe of them to defend theinfelves from the 
fhot of the place. So that they are only fortified with 
pallifadoes, to prevent a furprize. 

The Demi-Gorct, or Half the Gorce, is that 

« part of the polygon between the flank and the centre 
of the baition, 

GOTHIC ArchiteBure, is that which deviates from 
the manner, character, proportions, &c, of the antiques 
having its ornaments wild and chimerical, and its pro- 
files incorre&t. This manner of building came origi+ 
nally from the North, whence it was brought, in the 5th 
century, by the Goths into Germany, and has fince been 
introduced intoother countries, The firft or moft ancient 
ftyle of Gothicbuilding was very folid, heavy, maffive and 
fimple, with femicircular arches, &c: but the more mo- 

~dern ftyle of the Gothic is exceedingly rich, light, and 

delicate ; having an abundance of little whimfical orna- 
ments, with sharp-pointed arches formed by the inter- 
feGtions of different circular fegments; alfo lofty and 
light {pires and fteeples, large ramified windows, cluf- 
tered pillars, &c, Of this kind are our Englith cathe- 
drals, and many other old buildings. £ 

GRADUATION, is ufed for the a&t of Graduating, 
or dividing any thing into degrees. ; 

For an account of the various methods of Graduating: 
mathematical and ‘aftronomical inftruments, by ftraight 
and circular diagonals, and by concentric ares, &c; fee 
Plain Scauz, Nonius, and Vernier. And for an ac 
count of Mr. Bird’s improved method bf dividing 
aftronomical inftruments, fee Murat Arch, * 

Mr. Ramfden, an ingenious mathematical inftrument- 
maker of London, has lately publifhed, by encourage- 
ment of the conimiffioners of longitude, an se caer 
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and defcription of an engine contrived by him for 

dividing mathematical inftruments, acedmpanied with 

proper Lag ; in.confideration of which, the feid 

commiffioners hate granted to him the fum of 6154 
See his book, gto, 1777. 

On the fubject of dividing a foot into many thou- 
fand parts, for mathematical purpofes, fee Philof. 
‘Tranf. vol. 2, p. 457, 459, 541, or Abr. vol. 2, pa. 

“a18, 220, &c. And for an account of various other 
methods and Graduations, fee a paper of Mr. Smeaton’s 
in the Philof. Tranf. vol. 76, for the year 1786, p. 13 
being “ Obfervations on the Graduation of aftronomi- 
cal inftruments; with an explanation of the method in- 
vented by the late Mr. Henry Hindley, of York, clock- 
maker, to divide circles inte any given number of 
arts.” - ‘ 

GRAHAM (Georcgz), clock and watch maker, 
the moft ingenious and accurate artift in his timé, was 
bor at Gratwick, a village in the north of Cumber- 
land, in 1675. In r688 he came up to London, and 
was put apprentice to a perfon in that profeffion ; but 
after being fome time with his mafter, he was received, 
purely on account of his merit, into the family of the 
celebrated Mr. Tompion, who treated him witha kind 
of paxental affection as long as he lived. That Mr. 
Graham was, without competition, the moft eminent 
of his profeffion, is but a {mall part of his charaéter : 
he was the beft general mechanic of his time, and had a 
complete knowledge of practical aftronomy; fo that 
‘he not only gave to various movements for meafuring 
time a degree of perfeGtion which had never before been 
attained, but invented feverat altronomical inftruments, 
by which confiderable advances have been made in. that 
{cience: he ‘made great improvements in thofe which 
had before heen in ufe; and, by a wonderful manual 
dexterity, conftruéted them with greater precifion and 
accuracy than any other perfon in the world, 

A great mural arch in the obfervatory at Greenwich 
was made for Dr. Halley, under Mr. Graham’s im- 
mediate infpe€tion, and divided by his own hand: and 
from this incomparable original, the beft foreign inftsu- 
mtents of the kind are copies made by ei artifts. 
The fe&or by which Dr. Bradley firlt difcovered two 
new motions in the fixed ftavs, was of his invention and 
fabric. He comprifed the whole planetary fyitem 
within the compafs of a {mall cabinet ; from which, asa 
model, allthe modern orreries have been, conitruéted, 
And when the French Academicians were fent to the 
north, to make obfervations for afcertaining the figure 
of the earth, Mr. Graham was thought the fitteft per- 
fon in Europe to fupply them with inftruments ; by 
which means they firlifhed their operations in one year ; 
while thofe who went to the fouth, not being fo well 
furnifhed, were very much embasraffed and retarded in 
their operations. 

Mr. Graham was many years a member of the Royal 
Society, to which he communicated’ feveral ingenious 
and important difcoveries, viz, from the 31ft to the 
42d volume’ of the Philof. Tranfa&tions, chiefly on 
aftronomical and-philofophical fubjeéts ; particularly a 
kind of horary alteration of the magnetic needle; a 
quickfilyer pendulum, and many curious particulars re- 
ae to the true length of the fimple pendulum, upon 
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which he continued to make experiments till almott ie” 
year of his death, which happened in 1751, at 76 years 


ry oe 
_ His temper was not lefs communicative than his ge- 
nius was penetrating ; and his principal view was the 
advancement of fcience; and the benefit of mankind. 
As he was perfe@ly fincere, he was above fufpicion ; 
and as he was above envy, he was candid. ie 
GRANADO, in Artillery, isa little fhell or hollow 
globe of iron, or other matter, which, being filled with 
powder, is fired by means of a fmall fufee, and thrown 


“either by the hand, ora piece of ordnance., As foon as 


it is kindled, the cafe flies in pieces, to the great danger 
of all that ftand near it. “Granadoes ferve to fet fire ta 
clofe and narrow paflages, and are often thrown with the 
hand among the foldiers, ‘to diforgler their ranke; more 
efpecially in thofe pofts where they ftand thickeft, asin 
trenches, redoubts, lodgments, &c. , 
GRAVESANDE (Wiiziam James), a very ce- 
kebrated Dutch mathematician and philofopher, was 
born at Bois-le-duc, Sept. 27, 1688: He ftudied the civil 
law at Leyden, but mathematical learning was his fa- 
vourite amufement. When he had taken his doctor’s 
degree, in 1707, he went and fettled at the Hague, 
where -he praétifed at the bar, and cultivated an ac- 
quaintance with learned men; witha Society of whom 
he publithed a periodical Review, : entitled Le SFournal 
Litteraire, which was continued without interruption 
from the year 1713: to the year 1722, The parts of 
it written or extraéted by Gravefande were chiefly 


*thofe: relating to’ geometry coo a hese But heen. . 


riched it alfo with feveral original, pieces entirely of his 

‘own compofitign 3.viz, Remarks on the ConflruGion of 
Pneumatical Engines: A Moral Effay on Lying : 
And a‘celebrated Effay on the Collifion of Bodies ; 
which, as it oppofed the Newtonian philofophy, was 
attacked by Dr. Clarke, and many other learned 
men. 

In 1715, when the States fent .to congratulate 
George the rit, on his acceffion to the throne, Dr. 
Gravefande was appointed fecretary to the embafly. 
During his flay in England he was admitted a member 
of the Royal Society, and became intimately acquainted 
with Sir Ifaac Newton. On his return to Holland, he 
was chofen profeffor of mathematics and aftronomy at 
Leyden ; where he had the honour of firft teaching the 
roe philofophy, which was then in its infancy. * 

e died in 1742, at 54 years of age. 

Gravefande was a man amiable in his private charac- 
ter, and refpectable in his public one ; for feiy men of 
letters have rendered ‘more eminent fervices. to their 
country. The minifters of the republic confulted him 
on all occafions when his talents were requifite to affift 
them, which his fkill in célculation often enabled him 
‘to doin money matters. He was of great fervice as a 
‘decypherer, in detecting the fecret corréfpondence of 
their enemies. And in his own profeffion none ever 
applied the powers of nature with more fuccefs, or to 
more ufeful purpofes, : . 

Of his publications, the principal are, 

1. An. Introduétion to the Newtonian Philofophy ; 
‘or, a Treatife on the Elements of Phyfics, confirmed 
by Experiments. This performance, being only a more 
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* perfe& copy of Ris public leGures, was firt printed in 
¥720; and hath fince gone through many editions, with 
coxfiderable improvements ; the 6th edit. is in Englifh, 
in 2 large vols. gto, by Dr, Defaguliers, in 1747, under 
the title of Mathematical Elements of Natural Philofo- 
phy, confirmed by Experiments. 

2. A treatife on the Elements of Algebra, for the 
ufe of Young Students ; to which is added a Specimen 
of a Commentary on Newton’s Univerfal Arithmetic ; 
as alfo, A New Rule for determining the Form of an 
Affumed Infinite Series. 

3. An Effay on Perfpedtive. 
19 years of ages 
' 4. A New Theory of the Collifion of Bodies. 

5. A Courfe of Logic and Metaphyfics, 

With feveral {maller pieces. 

His whole mathematical and philofophical works, 
except the firft article above, were colleted and pub- 
lifhed at Amfterdam, in 2 vols. 4to, to which is prefix- 
ed acritical account of his life and writings, by Pro- 
feffor Allamand. 

GRAVITATION, the exercife of gravity, or the 
preflure'a body exerts on another body beneath it-by 

. the power of gravity. 

This is fometimes diftinguithed from gravity. Thus 
M. Maupertuis, in his Figure de la Terre, takes gravity 
for that force by which a body would fall to the earth 
fuppofed at reft ; and Gravitation for the fame, but di- 
minifhed by the centrifugal force. It is only Gravita- 
tion, or gravity thus blended with the centrifugal force, 
that we can ufually meafure by our experiments. Me- 
thods however have been found to diitinguifh what re- 
mains of the primitive gravity, and what has been de- 
Stroyed by the centrifugal force, 

It is one of the laws. of nature, difcovered by New- 
ton, and now received by all philofophers, that every 
particle of matter in nature gravitates towards every 
other particle ; which law is the main principle in the 
Newtonian philofophy. But what is called Gravitation 
with refpeét to the gravitating body, is ufually called 
attraction with re{peé to the body gravitated to. The 
planets, both primary and fecondary, as alfo the comets, 
do all gravitate towards the fun, and towards each 
other ; as well as the fun towards them; and that in 
proportion to the quantity of matter in each of them. 
"The Peripatetics &c hold, that bodies only gravitate 
or weigh when out of their natural places, and that 
Gravitation ceafes when they are reftored to the fame, 
the purpofe of nature being then fulfilled: and they 
maintain that the final cafe of this faculty is only to 
bring elementary bodies to their proper place, where 
they may reft. But the moderns thew that bodies exercife 

ravity even when at reft, and in their proper places. 
This is particularly shewn of fluids ; and it is one of the 
laws of hydroilatics, demonftrated by Boyle and others, 
that_ fluids gravitate in proprio loco, the upper parts 
prefling on the lower, &c. 

For the laws of Gravitation of bodies in fluids fpe- 
cifically lighter or heavicr than themfelves, fee Specie 
ric Graviry. Alfo for the centre or line or plane of 
Gravitation, fee Centre, Line, or Prane. 

GRAVITY, in Phyfics, the natural tendency or 
inclination of bodies towards the centre. And in this 
fenfe Gravity agrees with Centripetal force,. 
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Gravity however is, by fume, defined more generally 
as the natural tendency of one body towards another ; 
and again by others itill more Sesion as the mutual 
tendency of each body, and each particle ofa body, to- 
wards all others: in which fenfe the word anfwers to 
what is more ufually called AttraGtion. Indeed the 
terms Gravity, weight, centripetal force, and attrac- 
tion, denote in effe€t all the fame thing, only in dif- 
ferent views and relations ; all which however it is very 
common to confound, and ufe promifcuoufly. But, in 
propriety, when a body is confidered as tending to- 
wards the earth, the force with which it fo tends is 
called Gravity, Force of Gravity, or Gravitating 
Force; when the body is confidered as immediately 
tending tothe centre of the earth, it is called Centripetal 
Force; but when we confider the earth, or mafs to 
which the body tends, it is called AttraQtion, or Attrace 
tive Force ; and when it is confidered in refpeét of an 
obftacle or another body in the way of its tendency, 
upon which it aéts, it is called Weight. 

Philofophers think differently on the fubje& of Gra- 
vity. Some confider it as an ina¢tive property or innate 
power in bodies, by which they endeavour to join their 
centre. Others hold Gravity in this fenfe to be an 
occult quality, and to be exploded as fuch out of all 
found philofophy. Newton, though he often calls ita 
vis, power, or property in bodies, yet explains himfelf, 
that he means nothing more by the word but the effect 
or phenomenon : he does not confider the principle, ‘the 
caufe by which bodies tend downwards, but the ten- 
dency itfelf, which is no occult quality, but a fenfible 
phenomenon, be its caufes what they may ; whether a 
property effential to body, as fome make it, or fupers 
added to it, as others; or even an impulfe of fome bo- 
dy from without, as others. iy 

It is a law of nature long obferved, that all bodies 
near the earth have a Gravity or weight, or a tendenc’ 
towards its centre, or at leait perpendicular to its fur- 
face; which law the moderns, and efpecially Sir I. 
Newton, from certain obfervations have found to be 
much mere extenfive, and holding univerfally with re- 
fpeé to all known bodies and matter in nature, It is 
therefore at prefent acknowledged as a principle or law 
ofnature, that all bodies, and all the particles of alk 
bodies; mutually gravitate towards each other: from: 
which jingle prineyple it is that Newton has happily de» 
duced all the great phenomena of nature. ~ 

Hence Gravity may be diftinguifhed into Particular » 
and General, 

Particular Gravity, is that which refpeds the 
earth, or by which bodies defcend, or tend towards the 
centre of the earth; the phenomena or. properties. of. 
which are as follow : ; 

1. All circumterreftrial bodies do hereby.tend ta-- 
wards a point, which is either accurately or very nearly. 
the centre of magnitude of the terraqueous globe. Not: 
that it is meant that there is really any virtue or charm’ 
in the point called the centre, by which it attraQs boe 
dies ; but becaufe this is the refult of the gravitation 
of bodies towards all. the parts of which the earth, 
confiits, 

2. This point or centre is fixed’ within the earth, o: 
at leaft has been fo far as any authentic hiftory reaches; 
Eor.a confequence of its thifting, though ever fo mini 

: i we 






GRA 


would be the overflowing of the low lands on that fide 
of the globe towards which it fhould appreach. Dr. 
Halley fuggefts, that it would well account for-the 
univerfal deluge, to have the centre of gravitation re- 
moved for a time towards the middle of the then in- 
habited world; for the change of its place but the 
2oooth part of the radius of the earth, or about 2 miles, 
would be fufficient to lay the tops of the highedt hills 
under water. : 

3. In all places equidiftant from the centre of the 
earth, the force of Gravity is nearly equal. Indeed all 
parts of the earth’s furface are not at equal diftances 
from the centre, becaufe the equatorial parts are higher 
than the polar parts by about 17 miles; as has been 
proved by the neceffity of making the pendulum fhorter 
m thofe places, before it will fwing feconds. In the 
new Peterfburg Tranfations, vol. 6 and 7, M. Krafft 
gives a formula for the proportion of Gravity in different 
latitudes on the earth’s furface, which is this: 

y= (1 + 0°0052848 fine 2a} x5 
where g¢ denotes the Gravity at the equator, and y the 
Gravity under any other latitude a. On this fubject, 
fee alfo the articles Decree, and Earru. x 

4. Gravity equally affects all bodies, without regard 
either to their bulk, figure, or matter: fo that, ab- 
ftracting from the refiftance of the medium, the moft 
compact and loofe, ithe greateft and {malleft bodies 
Sosa all defcend through an equal fpace in the fame 

time ; as appears from the quick defcent of very light 

bodies in an exhaufted receiver. The fpace which 
bodies do actually fall, in vacuo, is 16;'; feet in the 
firft fecond of time, in the latitude of London; and 
for other times, either greater or lefs than that, the 

{paces defcended from reit are direétly proportional to 

¢ {quares of the. times, while the falling body is not 
far from the earth’s furface. 

5. This power is the greateft at the earth’s furface, 
from whence it decreafes both upwards and downwards, 
but not both ways in the fame proportion ; for up- 

- wards the force of Gravity is lefs, or decreafes, as the 
fquare of the diftance from the centre increafes, fo that 
at a double diftance from the centre, above the furface, 
the force would be only 1-4th of what it.is at the fur- 
face ; but below the furface, the power decreafes in 
fuch fort that its intenfity is in the direét ratio of the 
diftance from the centre; fo that at the diftance of 
half a femidiameter from the centre, the force would 
be’ but half what it is at the furface; at } of a femi- 
diameter the force would be 3, and fo on. 

6. As all bodies gravitate towards the earth, fo does 
the earth equally gravitate towards all bodies ; as well 
as all bodies towards particular parts of the earth, as 
hills, &c, which has been proved by the attraétion a hill 
has upon a plumb line, infenfibly drawing it afide.— 
Hence the gravitating force of entire bodies confilts of 
thofe of all their parts: for by adding or taking away 
any part of the matter of a body, its Gravity is in- 
creafed or decreafed in the proportion <f th: quantity 
of fuch portion to the whole mafs. Hence alfo the 
gravitating powers of bodies, at the fame diftance from 
the centre, are proportional to the quantities of matter 
in the bodies. 

General or Univerfal Gravity, is that by which all 
athe plancts tend to one anather, and indeed by which 
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all the bodies and particles of matter in the-univerfe 
tend towards one another. post 

The exiftence of the fame principle of Gravitation 
in the fuperior regions of the heavens, as on the earth, 
is one of the great difcoveries of Newton, who made 
the proof of it as eafy as that on the earth. At firit 
it would feem this was only conjeéture with him: he’ 
obferved that all bodies near the earth, and in ‘its at- 
mofphere, had the property of tending direGly towards 
it; he foon conjeétured that it probably extended 
much higher than any diftance to whicli we could 
reach, or make experiments; and fo on, from one 
diftance to another, till he at length faw no reafon why 
it might not extend as far as to the moon, by means 
of which fhe might be retained in her orbit as a ‘ftone 
in a fling is retained by the hand; and if fo, he next 
inferred why might not a fimilar principle’ exift in 
the other great bodies in the univerfe, the fun and all 
the other planets, both primary and fecondary, which 
might all be retained in their orbits, and perform their 
revolutions, by means of the fame univerfal principle of 
Gravitation. 

Thefe conjedures he foon realized and verified by 
mathematical proofs. Kepler had found out, by contem- 
plating the motions of the planets about the fun, that 
the area defcribed by a line conneéting the fun and 
planet, as this revolved in its orbit, was always propor- 
tional to the time of its defeription, or that it deferibed 
equal areas in equal times, in whatever part of its orbit 
the pJanet might be, moving always fo much the quicker 
as its diftance from the fun was lefs. And it is alfo 
found that the fatellites, or fecondary planets, refpect 
the fame law in revolving about their primaries, But 
it was foon proved by Newton, that all bodies moving 
in any curve line defcribed on a plane, and which, by 
radii drawn to any certain point, defcribe areas about 
the point proportional to the times, are-impelled or 
acted on by fome power tending towards that point. 
Confequently the power by which all ‘thefe planets re- 
volve, and are retained in their orbits, is directed tothe 
centre about which they move, viz, the primary planets 
to the fun, and the fatellites to their feveral primaries. 

Again, Newton demonttrated, that if {everal bodies 
revolve with an equable motion in feveral circles about 
the fame centre, and that if the fquares of their pe- 
riodical times be in the fame proportion as the cubes 
of their diftances from the common centre, then the 
centripetal forces of the revolving bodies, by which 
they tend to their central body, will be in the recipro-" 
cal or inverfe ratio of the fquares of the diftances, Or 
if bodies revolve in orbits approaching to circles, and~ 
the apfes of thofe orbits be at reft, then alfo the centri- 
petal forces of the revolving bodies will be reciprocally 
proportional to the {quares of the diftances, But-it 
had been agreed on by the altronomers, and particularly: 
Kepler, that both thefe cafes obtain in all the planets, 
And therefore he inferred that the centripetal forces 
of all the planets are reciprocally proportional to the. 
fquares of the diflances from the centres of their orbits, 

Upon the whole it appears, that the planets ure re- 
tained in their orbits by fome power. which is’ conti.. 
nually acting upon them; that this power is directed - 
towards the centre of their orbits: that ‘the intenfity 
or efficacy of this power increafes upon an approach 
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” towards: the centre, and diminifhes ‘on. receding from 
the fame, and that in the reciprocal duplicate ratio of 
the diftances: and that, by comparing this centripetal 
force of the planets with the -force of gravity on the’ 
earth, they are found to be perfectly alike, as may 
eafily be thewn in various inftances. For example, in 
the cafe of the moon, the neareft of all the planets. 
The re€tilinear {paces deferibed ih any given time by 
aw falling body, urged by any powers, reckoning from 
the beginning of its defcent, are proportional to thofe 
powers. . Confequently the centripetal force of the 
moon revolving in her orbit, will be to the force of 


Gravity on the furface of the earth, as the fpace which. 


the moon would defcribe in falling during any {mall 
time, by her centripetal force towards the earth, if fhe 
had no circular motion at all, to the {pace a body near 
the earth would defcribe in falling by its Gravity to- 
wards the fame. 


Now by an eafy calculation of thofe two fpaces, it, 


appears that the former force is to the latter, as the 
fquare of ‘the femi-diameter of the earth is to the 
fquare of that of the moon’s ofbit. The moon’s cen- 
tripetal force therefore is equal to the force of Gravity ; 
and confequently thefe forces are not different, but 
they are one.and the fame: for if they were different, 
bodies acted on by the two powers conjointly would 
fall towards the earth with a velocity double to that 
arifing from the fole power of Gravity. 

It is evident therefore that the moon’s centripetal 
force, by which fhe is retained in her orbit, and pre- 
vented from running off in tangents, is the very power 
of Gravity of the earth extended thither.. See New- 
ton’s Princip. lib. 1, prop. 45, cor. 2, and lib. 3, prop. 
33 where the numeral calculation may be feen at full 
length, 

The moon therefore gravitates towards the earth, and 

, Feciprocally the-earth towards the moon. And this is 
alfo farther confirmed by the phenomena of the tides. 

The like reafoning may alfo be applied to the other 

‘ planets. For as the revolutions of the primary planets 
round the fur, and thofe of the fatellites of Jupiter and 
Saturn round their primaries, are phenomena of the 
fame kind with the. revolution of the moon about the 
earth; and as the centripetal pow:rs of the primary 
are directed towards the centre of the fun, and thofe 
of the fatellites towards the centres of their primaries ; 
and Taftly as all thefe powers are reciprocally as the 
{quares of the diftances from the centres, it may fafely 
be concluded that the power and caufe are the fame in cll. 

Therefore, as the moon gravitates towards the earth, 
and the earth towards the moon; fo do all the fecon- 
daries to their-primaries, and thefe to their fecondaries ; 
and fo, alfo do the primaries to the fun, and the fun to 
the primaries, Newton’s Princip. lib. 3, prop. 4, 5, 
6; Greg. Aftron. lib. 1, fect. 7, prop. 46 and 47. 

The laws of Univerfal Gravity are the fame as thofe 
of bodies gravitating towards the earth, before laid 
down. 

i of Gravity. Various theories have been ad- 
vanced by the philofophers of different ages to account 

for this grand principle of: Gravitation. The ancients, 

who were only acquainted. with particular Gravity, or 

the tendenty of fublunar bodies towards the earth, 

aimed po farther than a fyftem that might anfwer the 
1 
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more obvious phenomena of it. However, fome hints: 
are fourrd concerning the Gravitation of celeftial bodies ~ 
in the account given of the doétrine of Thales and his 
fucceffors; and it would feem that Pythagoras was. * 
{til better acquainted with it, to which it is fuppofed 
he had a view in what he taught concerning the Har- 
mony of the Spheres. 

Ariftotle and the Peripatetics content themfelves 
with referring Gravity or weight to a native inclination 
in heavy bodies to be in their proper place or {phere, 
the centre of the earth. And Coperuicus afcribes it 
to an innate principle in all parts of matter, by which, 
when feparated from their wholes, they endeavour ta 
return to them again the nearelt way. In anfwer ta 
Ariitotle and his followers, who confidered the centre 
of the earth as the centre of the univerfe, he obferved 
that it was reafonable to think there was nothing pe- 
culiar to the earth in this principle of Gravity ; that 
the parts of the fun, moon, and ftars tended likewife to * 
each other, and that their {pherical figure was preferved 
in their various motions by this power. Copern. Revol. 
lib. 1, cap. g. But neither of thefe fyftems afligns aay 
phyfical caufe of this great effet: they only amount to 
this, that bodies defcend beeaufe’ they are.inclined to 
defcend. 
~ Kepler, in his preface to the commentaries concern- 
ing the planet Mars, {peaks of Gravity as of a power 
that was mutual between bodies, and fays that the. 
earth and moon tend towards each other, and would 
meet in a point fo many times nearer to the earth than 
to the moon, as the earth is greater than the moon, 
if their motions did not ‘hinder it.” 
the tides arife from the Gravity of the waters to- 
wards the moon. To him we alfo owe the important 
difcovery of the analogy between the difances of the 
feveral planets from the fin, and the periods in which 
they complete their revolutions, viz, that the fquares 
of their periodic times are always in the fame pro- 
portion as the cubes of their mean diftances from: 
the fun. However, Kepler, Gaffendi, Gilbert, and. 
others, afcribe Gravity to a certain magnetic attraGtion, « 
of the earth; conceiving the earth to be one great, ‘ 
magnet continually emitting efluvia, which take’ hold 
of all bodies, and draw them towards the earth, Buty . 
this is inconfittent with the feveral phenomena. : 

Des Cartes and his. followers, Rohault &c, attribute 
Gravity to an external impulfe or trufion of fome-fub- 
tle matter. By the rotation of the earth, fay they, all. 
the parts and appendages of it neceffarily endeavour to. 
recede from the centre of rotation ; but whence they. 
cannot all aGiually recede, as there is no vacuum on 
fpace to receive them. But this hypothefis, founded 
on the fuppofition of a plenum, is overthrown by what 
has been fince proved of the exiflence of a vacuum, * 

Dr. Hook inclines to an opinion muclt like that off - 
Des Cartes. Gravity he thinks deducible from the.” 
ation of a moft fubtle medium, which ecatily pervade, 
and penetrates the moft folid bodies ; and which, by. 
fome motion it has, detrudes all carthly bodies from it, 
towards the centre of the earth. Voffius too, and: 
many others, give partly into the’Cartefian notion; and 
fuppofe Gravity to arife from the diurnal ratation off. 
the earth round its axis. deed 


Dr. Halley, defpaiving of any faticfatory a 
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the Deity. So Dr. Clarke, from a view of feyeral 
properties of Gravity, concludes that it is no adventi- 
tious effect of any motion, or fubtle matter, but-an 
original and general law impreffed by God on all mat- 


ter, and preferved in it by fome efficient power pene- 
trating the very folid and intimate fubftance of it ; 


being found always proportional, not to'the furfaces of. 


sbodics or corpufcles, but to their folid quantity and 
contents. It fhould therefore be no_ more inquired 
why bodies gravitate, than how they came to be firt 
put in motion. Annot. in Rohault. Phyf. part 1, cap. 
qi. 

Gravefande, in his Introdu@. ad Philof. Newton. 
contends that the caufe of Gravity is utterly unknown; 
and that we are to confider it no otherwife than as a 
law of nature originally and immediately impreffed by 
the Creator, without any dependence on any fecond 
Jaw or caufe at all, Of this he thinks the three fol- 
lowing confiderations fufficient proof. 1. That Gravity 
requires the prefence of the gravitating or attraQting 
body : fo the fatellites of Jupiter, for ex. gravitate to- 
wards Jupiter, wherever he may be. 2. -That the 
diftance being fuppofed the fame, the velocity with 
which bodies are moved by the force of Gravity, de- 
pends on the quantity of matter in the attracting body : 
and the velocity is not changed, whatever the mafs of 
the gravitating body may be. 3. That if Gravity do 
depend on any known law of motion, it muft be fome 
impulfe from an extraneous body ; fo that as Gravity 
is continual, a continual ftroke mutt alfo be required. 
Now if there be any fuch matter continually ftriking on 
bodies, it muft be fluid, and fubtle enough to penetrate 
the fubftance of all bodies: but how shall a body fubtle 
enough to penetrate the fubftance of the hardett bodies, 
and fo rare as not fenfibly to hinder the motion of 
bodies, be able to impel valt maffes towards each other 
with fuch force? how does this force increafe the 
ratio of the mafs of the body, towards which the other 
body is moved ? whence is it that all bodies move with 
the fame velocity, the diftance and body gravitated to 


being the fame? can a fluid. which only aés on the ~ 


furface either of the bodies themfelves, or their internal 
particles, communicate fuch a quantity of motion to 
bodies, which in all bodies fhall exactly follow the pro- 
portion of the quantity of matter in them? 

Mr. Cotes goes yet farther. Giving a view of New- 
ton’s philofophy, he aflerts that Gravity is to be ranked 
among the primary qualities of all bodies ; and deemed 
equally effential to matter as extenfian, mobility, or 
impenetrability. Prafat. ad Newt. Princip. But 
Newton himfelf difclaims this notion; and to thew 
that he does not take Gravity to be effential to bodies, 
he declares his opinion of the caufe ; choofing to pro- 
pofe it by way of query, not being yet fufficiently 
fatisfied about its experiments. Thus, afer having 
fhewn that there is a medium in nature vaftly more 
fubtle than air, by whofe vibrations found is propa- 
gated, by which light communicates heat to bodies, 
and by the different denfities of which the refraction 
and refletion of light are performed; he proceeds to 
inquire: “Is not this medium much rarer within the 
denfe bodies of the fun, ftars, planets, and comets, than 
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io the-empty ecleRial fpaces betweett them? anid in - 
pafling from them to greater diftanees, doth it not grow 
denfer and denfer perpetually, and thereby caufe the 
Gravity of thofe great bodies towards one another, and. 
of their parts towards the bodies; every body endea- 
vouring to recede from the denfer parts of the medium : 
towards the rarer ? : i 

For if this medium be fuppofed rarer within the 
fun’s body than at its furface, and rarer there than at 
the hundredth part of an inch from bis body, and rarer 
there than at the fiftieth part of an inch from his body, 
and rarer there than at the orb of Saturn; I fee no reafon 
why the increafe of denfity thould ftop any where, and 
not rather’ be continued through all ditances from the 
Sun to Saturn, and beyond. 

And though this increafe of denfity may at great 
diftances be exceeding flow; yet if the elaftic force of 
this medium be exceeding great, it may fuffice to impel 
bodies from the denfer parts of the medium towards 
the rarer with all that power which we call Gravity. 

And that the elaftic force of this meditim is exceed- 
ing great, may be gathered from the f{wiftnefs of its 
vibrations. Sounds move about 1140 Englith feet in 
a fecond of time, and in feven or eight minutes of time, 
they move abeut one hundred Englith miles: light: 
moves from the Sun to us in about fever or eight 
thinutes of time, which diltance is about 70000G00 
Englifh miles, fuppofing the horizontal parallax of the 
Sun to be about twelve feconds; and the vibrations, 
or pulfes of this medium, that they may caufe the al- 
ternate fits of eafy tranfmiflion, and eafy reflection, 
muft be {wifter than light, and by confequence above 
700000 times fwifter than founds; and therefore the 
elaftic force of this medium, in proportion to its denli= 
ty, muit be above 7oo00a x 7O0000 (that is, above 
490000000000) times greater than the elaftic foree of 
the air is in. proportion to its denfity: for the veloci- 
ties of the pulfes of claftic mediums are in a fubdupli- 
cate ratio of the elafticities and the rarities ef the me= 
diums taken together. 

As Magnetifm is ftronger in {mall loaditones than in 

eat ones, in proportion to their bulk ; and Gravity is 

renger on the furface of {mall planets, than thofe of 
great ones, in proportion to their bulk; and fmall 
bodies are agitated much more by electric attraction 
than great ones: fo the fmallnefs of the rays of light 
may contribute very much to the power of the agent 
by which they are refracted; and if any one fhowld 
fuppofe, that zther (like our air) may contain particles 
which endeavour to recede from one another (for I do 
not know what this xther is)» and that its particles are: 
exceedingly fmaller than thofe of air, or even than thofe 
of light ; the exceeding {mallnefs of fuch particles may 
contribute to the greatnefs of the force, by which they 
recede from one. another, and thereby make that me- 
dium exceedingly more rare and elaftic than air, and of. 
confequence, exceedingly lefs able to refift the motions 
of projeiles, and exceedingly more able to prefs upon 
grofs bodics by endeavouring to. expand itfelf.”” Op~ 
ties, p. 325 &c. 

Gravity, in Mechanics, denotes the conatus or 
tendency of bodies towards the centre of the earth. 
‘That part of mechanics which confiders the equilibrium 

or 
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‘or motion of bodies arifing from Gravity or weight, is 
particularly called ftatics, 

Gravity in this view is diftinguithed into Abfolute 
cand Relative. . 

Abfolute GRAviTY is that with which a body defcends 
freely and perpendicularly through an unrefifting me- 
dium. The laws of which fee under Descent oF 
Boonies, Accereration, Motion, &c. 

Relative Graviry is that with which a body de- 
fcends on an inclined plane, or through a refifting me- 
dium, or as oppofed by fome other refiftance. ‘The 
laws of which fee under the articles IncLineD Pane, 
Descent, Frvip, Resisrance, &c. 

Gravity, in Hydroftatics. The laws of bodies 
gravitating in Fluids make the bufinefs of Hydrolta- 
stics. 

Gravity is here divided into Abfolute and Specific. 

Abfolute or True Gravity, is the whole force with 
which the body tends downwards. 

Specific Gravity, is the relative, comparative, or 
‘apparent Gravity in any body, in refpect of that of 
an equal bulk or magnitude of another body ; denot- 
ing that Gravity or weight which is peculiar to each 
{pecies or kind of body, and ‘by which it is diftinguifhed 

om all other kinds. 

In this fenfe a body is faid to be Specifically Heavier 
than another, when under the fame bulk it contains z 

reater weight than that other; and reciprocally the 
fae is faid to be Specifically Lighter than the form. 
er. Thus, if there be two equal fpheres, each one foot 
in diameter ; the one of lead, and the other of wood: 
fince the leaden one is found heavier than the wooden 
one, it is faid to be Specifically, or in Specie, Hea- 
vier ; and the wooden one Specifically Lighter. 

This kind of Gravity is by fome called Relative ; in 
oppofition to Abfolute cant: which increafes in pro- 
portion to the quantity or mas of the body. 


Laas of the Speciric’ Gravity of bodies. 


I. If two bodies be equal in bulk, their fpecific gra. 
vities are to each other as their weights, or as their 
denfities. 

IL. If two bodies be of the fame fpecific gravity or 
adenfity, their abfolute weights will be as their magni- 
tudes or bulks. - = 

III. In bodies of the fame weight, the fpecific gra- 
vities are reciprocally as their bulks. 

IV. ‘The fect gravities of all bodies are in a ra- 
tio compounded of the dire& ratio of their weights, 
and the reciprocal ratio of their magnitudes. And 
hence again the fpecific gravities are as the denfities. 

V. The abfolute gravities or weights of bodies are 
in the compound ratio of their fpecific gravities and 
magnitudes or bulks. . 

Vi. The magnitudes of bodies are direftly as their 
weights, and reciprocally as their fpecific gravities. 

VII. A body fpecifically heavier than a fluid, lofes 
as much of its weight when immerfed in it, as is equal 
to the weight of a quantity of the fluid of the fame 
bulk or magnitude. : 

ace, finge the Specific Gravities are as the abfo- 
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lute gravities under the fame bulk ; the Specific Gras’ 
vity of the fluid, will be to that of the body immerged, 
as the part of the weight loft by the folid, is to the 
whole weight. : 

And hence the Specific Gravities of fluids are as the 
weights loft by the fame folid immerged in them, 

VIIL. To find the Specific Gravity of a Fluid, or of 
@ Solid.—On one arm of a balance fufpend a globe of 
lead hy a fine thread, and to the other faften an equal ° 
weight, which may juit balance it in the open air. 
Immerge the globe into the fluid, and obferve what 
weight balances it then, and confequéntly what weight 
is loft, which is proportional to the Specifie Gravity 
as above. And thus the proportion of the Specific 
Gravity of one fluid to another is determined by im- 
merfing the globe fucceffively in all the fluids, and ob- 
ferving the weights loft in each, which will be the pro- 
portions of the Specific Gravities of the fluids fought. 

This fame operation determines alfo the Specific 
Gravity of the folid immerged, whether it be a globe 
or of any other fhape or bulk, fuppofing that of the 
fluid known. For the Specific Gravity of the fluid 
is to that of the folid, as the weight loit isto the whole 
weight. 

Hence alfo may be found the Specific Gravity of a 
body that is lighter than the fluid, as follows : 

IX. To find the Specific Gravity of a Solid that is 
lighter than the fluid, as water, in which it is put-—An- 
nex to the lighter body another that is much heavier 
than the fluid, fo as the compound mafa may fink in 
the fluid. Weigh the heavier body and the compound 
mafs feparately, both in water and out of it; then find. 
how much each lofes in water, by fubtracting its weight 
in water from its weight in air; and fubtra& the lefe 
of thefe remainders from the greater. on 
Then, As this lait remainder, 

Is to the weight of the light body in air, 
So is the Specific Gravity of the fluid, 
To the Specific Gravity of that body. 

X. The Specific Gravities of bodies of equal weighty: 
are reciprocally proportional to the quantities of weight’ 
loft in the fame fluid. And hence is found the ratio’ 
of the Specific Gravities of folids, by weighing in the’ - 
fame fluids, maffes of them that weigh equally in air,’ 
and noting the weights loft by each. te 

The Specific Gravities of many kinds of bodies, both’ 
folid and fluid, have been determined by various au- 
thors. Marinus Ghetaldus particularly tried the Spe.” 
cific Gravities of various bodies, efpecially metals y: 
which were taken from thence by Oughtred. In the: 
Philof. Tranf. are feveral ample tables of them, by va" 
rious authors, particularly thofe of Mr. Davis, vol, 4Se 6 
p- 416, or Abr. vol. 10, -p. 206. Some tables of them: |. 
were alfo publithed by P. Merfenne, Mufchenbroecky:. 
Ward, Cotes, Emerfon, Martin, &c. . ie 

It will be fufficient here to give thofe of fome oft’ 
the moit ufual bodies, that have been determined witht: 
the greater certainty. The numbers in this table.exsi. 
prefs the number of Avoirdupois ounces ina cubic foot} 
of each body, that of common water being juft 1000! 
ounces, or 62 Ib. we 











Platina, pure — 


Fine gold 
Standard gold 
Lead - 


Fine Silver 
* Standard Silver 
Copper 


Copper halfpence 


Gun metal - 
Fine brafs ~ 
Caft brats 

Steel - 
Tron a” 
Pewter - 
Catt Iron 

Tin - 


Lapis calaminaris 


Loadftone 


Mean of the whole Earth 


Crude Antimony 


Diamond 
Granite - 


White lead - 


Ifland cryftal 
Marble © - 
Pebble ftone 
Jafper - 
Rock cryflal 
Pearl © ~ 
Green glafs + 
Flint - 
Onyx ftone 
Common ftone 
Cryttal - 
Cla . 
Oyiter thells 
Brick - 
Common earth 


Nive - « 


Vitriol - 
Alabafter - 

- Horn - 
Ivory - 
Sulphur - 
Chalk: - 


Selid gunpowder 


Alum - 
Dry bone 
Human calculus 
Sand - 
Lignum vite 
* Coal: - 
et - 
bony - 


Pitch oo 


Rofin - 
Mahogany - 
Amber - 
Brazil wood 
Boxwaod 
Common water 
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23000 
19640 


- 18888 


11325 
ELOgI 
10535 


8915 
8784 
8350 
8000 


7850 
7645 
7471 
7425 
7320 
5000 
4930 
4500 


3537 


"3500 


3160 
2720 
2705 
2700 
2666 
2650 
2630 
2600 
2570 
2510 
2500 
2210 
2160 
2092 
2000 
1984 


1880 
1874. 
1840 
1825 
1810 
1793 

1745 
1914 
1660 
1542 
1520 
1323 
#250 
1238 
1177 
1150 
L100 
1063 
1040 
1031 

1030 
1000 
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: Bees wax - Se ele - * 955 

Butter - - * - 940 - 
Oak - - - - - 925 
Gunpowder, fhaken . “ - 922 
Logwoot = see 913 
Ice - - - - - - go8 
hee - - - - 800 

apie - - - “ 7 
Beech - - =? - ae. 
Elm - - - - 600 
Fir - -- - - - 550 
Saffafras wood - - . é 482 
Charcoal - - - < 
Cork - - « es 240 
New fallen fhow - - “ 86 

TL. Fluids. 

uickfilver - - - - 43600 
Oil of Vitriol _-« i. « Py 1700! 
Oil ‘of Tartar - - is < 1550 

on - - 8 -  « 1450 
Spirit of Nitre - a - - 1315 
Aqua Fortis 7 7 te _ 1300 
Treacle a . ~ . 1290" 
Aqua Regi: - - - 5234. 
Human blood - = - r054 
Urine - - - 8 ow 1032: 
Cow’s milk - - - - TO3E 
Sea Water - - - - - 1030 
Ale - - 0 - - - 1028 
Vinegar - = = - 1026 
Tar - = « - - - 1015, 
Water - - - - o 7 1000 
Diftilled Water - - - 993: 
Red. Wine - et owe = 990 
Proof Spirits  ~ = 2 « 931 
OliveOU  - a} 3 i 913 
Pure Spirits of Wine - + - 866: 
Oil of Turpentine - - - 800 
Ether - - - . - _ 926 
Common Air - - - a 1232 

er very nearly - ee Iyae 


Thefe numbers being the weight of a cubic foot, or 
1728 cubic inches, of each. of the bodies, in. Avoirdu- 
pois ounces, by proportion the quantity in any other 
weight, or the weight of any other quantity, may be 
readily known, : 

For ex. Required the content of an irregular block 
of common ftone which weighs rt cwt, or r12lb, or 
1792 ounces. Here, as 2500:.1792 :: 1728: 12284 
cubic inches the content. e 

Ex..2. To find the weight of a block of granite, 
whofe length is 63 feet, and breadth and thicknefs each. 
12 feet ;, being the dimenfions of one of the ftones, of. 
granite, in the walls of Balbeck. Here, 63 x 12 x12 
= 9072 feet is the content of the ftone; therefore as 
1 19072 2 3500 oz: 31752000.02 or 885. toms 18 
cwt. 3 qrs. the weight of the ftone. 

XI. A body defcends in a fluid fpecifically, lighter, 
or afcends in a fluid fpecifically heavier, with a force. 
equal to. the difference between its weight and that 
i an equal bulk of the fluid: : 

XI. A body finks in a fluid fpecifically heavier, fo. 

. far 
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fay as that the weight of the body is equal te the 
weight ofa quantity of the fluid of the fame bulk as 
the part immerfed. Hence, as the Specific Gravity 
of the fluid is to that of the body, fo is the whole 
magnitude of the body, to the magnitude of the part 
immerfed. 

XIII. ‘The Specific Gravities of equal folids are as 
their parts immerged in the fame fluid. 

The feveral theoreme here delivered, ave both demon- 
ftrable from the prineiples of mechanics, and are alfo 
equally conformable to experiment, which anfwers ex- 
adily to the calculation ; as is abundantly evident from 
the courfes of philofophical experiments, fo frequently 
exhibited ; where the laws of fpecific gravitation are 
“well illuftrated. 

GREAT BEAR, one of the conttellations in the 
northern hemifphere. See Ursa Mayor. 

Great Cixcies, of the Globe or Sphere, are thofe 
whofe planes pafs through the eentre, dividing it into 
two equal parts or hemifpheres, and therefore having 
the fame centre and diameter with the {phere itfelf. 
‘The principal of thefe are, the equator, the ecliptic, 
the horizon, the meridians, and the two colures. 

Grear:Circtce Saitine, is the art of condudting 
a fhip along the are of a great circle, And it is alfo 
that part of the theory of navigation which treats of 
failing in the arc of a great circle. See NavicaTion. 

GREAVES (Jou), an eminent aftronomer, an- 
tiquary and-linguilt, was born in 1602, being the eldeft 
fon of John Greaves rector of Colemore, near Alresford 
in Hampthire, and matter of a grammar fchool, where 
his fon of courfe was well grounded in the primary 
rules of literature. He then went to Baliol college in 
Oxford, in 1617 ; but afterward, on account of his fkill 
in philofophy and polite literature, he was the firft of 
five that were eleéed into Merton college. Having 
read over all the ancient Greek and Latin writers, he 
applied to the ftudy of natural philofophy and mathe- 
matics; and having contracted an intimacy with Mr. 
Briggs, Savilian profeffor of peeey at Oxford, and 
Dr. Bainbridge, Savilian profeffor of aftronomy there, 
he was animated by their examples to profecute that 
ftudy with the greateft induftry ; and hot content with 
treading the writings of Purbach, Regiomontanus, Co- 
pernicus, Tycho Brahe, Kepler, and other celebrated 
aftronomers of that and the preceding age, he made 
the ancient Greek, Arabian, and Perfian authors fami- 
liar to him, having before gained an accurate fkill in 
the oriental languages. Thefe accomplifhments pro- 
cured him the profefforfhip of geometry in Grefham- 
college London, in 1630 ; and at the fame time he held 
his ffllowthip of Merton-college. - 

Ina journey to the Continent, in 1635, he vifited the 
celebrated Golius, profeffor of, Arabic at Leyden, and 
Claud Hardy at Paris, to converfeeabout the Perfian 
language. ence he paffed through Italy, and accu- 
rately furveyed the venerable remains of antiquity at 
Rome, vifiting and correfponding everywhere with the 
moft learned men of every nation. After vifiting Pa- 
dua, Florence, and Leghorn, he hence embarked for 
Conftantinople, where he arrived in 1638. From thence 
he paffed over to Rhodes, and Alexandria in Egypt, 
where he ftaid four or five months, and made a great 
number of curious obfervations. He next went to 
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Grand Cairo, meafured the pyramids; and while there 
he adjufted the meafure of the foot, obferved by all na- 
tions. From hence he returned again through Italy, 
and arrived in England in the year 1640, after ftoring 
his mind with a variety ef curious knowledge, and 
collecting many valuable oriental manufcripta and an- 
cient curiofitics ; and while at Rome he made a parti- 
eular inquiry into the true flate of the ancient weights 
and meafures. : ° 

On the death ef Dr, John Bainbridge, in 1643, 
he was chofen Savilian profeffor of aftronomy at Ox- 
ford, and principal reader of Linacre’s lecture in Mer- 
ton college ; an appointment for which he eminent- 
ly qualified, from his critical acquaintance with the 
works of the ancient and modern aitroaomers. In 1645 
he propofed a methed of reforming the calendar, by 
omitting the intercalary day for 40 years to come: 
the paper relating to which, was publifhed by Dr. 
Thomas Smith, in the Philof. Tranf. for 1699. In 
1646, he publifhed his Pyramidographia, or a De- 
feription of the Pyramids of Egypt; and, in 1647, 
his Difcourfe on the Roman Foot and Denarius ; from 
which, as from two principles, the meafures and 
weights ufed by the Ancients may be deduced. He 
alfo publithed feveral other curious works concerning 
antiquities, &c. 

Soon after publithing the laft mentioned book, he 
was ejected, by the parliament vilitors, from the pro- 
fefforthip of aftronomy and fellowfhip of Merton-col- 
lege; and the foldiers committed many outrages, 
breaking open his chefts, and deftroying many of his 
manufcripts ; which greatly affected him. On this oc- 
cafion he retired to London, where he afterwards mar- 
ried, and profecuted his ftudies with great vigour, as ap- 
pears from feveral of ‘his philofophical and theological 
writings. This however proved but a tranfient happi- 
nefs to him; for he died at London, the 8th of O@o- 
ber 1652, before he was quite 50 years of age; and 
left his aftronomical inftruments to the Savilian library 
in Oxford, where they art depofited. 

GREEK Onrnsrs, in Archite@ture, are the Doric, 
Yonic and Corinthian ; in contradiftin€@tion to the two 
Latin orders, viz the Tufcan and Compofite. 

GREEN, One of the original colours of the rays of 
light, or of the prifmatic colours exhibited by the re- 
fraction of the rays of light. 

Green is the pleafanteft of all the colours to the fight. 
And hence it has been inferred asa proof of the wif- 
dom and goodnefs of the Deity, that almoit all vege- 
tables, cloathing the furface of the earth, are green; 
which they are when growing in the open air; though 
thofe in fubterraneous places, or places inacceffible to 
frefh air, are white oryellow. See Curomarics, and 
Coxours. 

GREGORIAN Carenpar, fo called frem Pope 
Gregory the 13th, is the new or reformed Calendar, 
fhewing the new and full moons, with the time of Eafter, 
and the other moveable feafls depending upon it, by 
means of epatts difpofed through the feveral months of 
the Gregorian year. 

Grecorian Epoch, is the epoch or time, from which 
the Gregorian calendar, or computation, took place. 
This began in the year 1582; fo that the year 1800 
is the 218th of this epoch, : 
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Grtconrtan Telefcope, a particular fort of telefcope, - 
invented by Mr. James Gregory. See Terescore. 
Grecortian Year, the new account, or new ftyle, in- 
troduced upon the reformation of the calendar, by 
Pope Gregory the 13th, in the year 1582, and from 
whom it took its name. This was introduced to re- 
form the old, or Julian year, eflablifhed by Julius Cx- 
far, which confifted of 365 days 6 hours, or 365 days 
and a quarter, that is three years of 365 days each, 
and the fourth year of 366 days. But as the mean 
tropical year confifts only of 365ds shrs 48m 57fec. the 
former loft rimin. 3fec. every year, which in the time of 
Pope Gregory had amounted to 10 days, and who, 
by adding’ thefe 10 days, brought the account of time 
to its proper day again, and at the fame time appoint- 
ed that every century after, a day more fhould be add- 
ed, thereby making the years of the complete éentu- 
ries, viz" 1600, 1700, 1800, &c, to be common years 
of 365 days each, inffead of leap years of 366 days, 
which makes the mean Gregorian year equal to 365ds 
shirs 45m. 36fec. 
~ This computation was not introduced into the ac- 
count of time in England, till the year 1752, when the 
Julian“account had loft 11 days, and therefore the 3a 
of September was in that year, by a@ of parliament, 
accounted the r4th, thereby reftoring the tr days 
which had thus been omitted. See Year. 
GREGORY (James), profeffor of mathematics, 
firft in the univerfity of St. Andrews, and afterwards - 
‘in that of Edinburgh, was one of the moft eminent 
mathematicians of the 17th century. He was a fon of 
the Rev. Mr. John Gregory minifter of Dramoak in 
the county of Aberdeen, and was born at Aberdeen 
in.November 1638. His mother was a daughter’ of 
Mr. David Anderfon of Finzaugh, or Finthaugh, a 
gentleman who poffeffed a fingular turn for mathema- 
tical and mechanical knowledge. This mathematical 
genius was hereditary in the family of the Anderfons, 
and from them it feemsto have been tranfmitted to 
their defcendants of the names of Gre; ‘ory, Reid, &c. 
Alexander Anderfon, coufin-german df the faid David, - 
was profeffor of mathematics at Paris in the begining of - 
the17th century, and publihed there feveral valuable and 
ingenious works ; as may be feen in the memdirs of his 
Hfe and writings, under the article AnpErson. The 
mother of James Gregory inherited the genius of her 
family ; and obferving in her fon, while yet a child, a 
ftrong propenfity to mathematics, fhe inftru@ed him 
herfelf in the elements of that fcience. His education 
in the eguaiss he received at the grammar {chool of 
Aberdeen, and went through the ufual courfe of aca- 
demical ftudies in the Marifcbal college ; but he was 
chiefly delighted with philofophical refearches,’ into 
which a new door had lately been opened by the key 
of the mathematics, Galileo, Kepler, Des Cartes, 
&c, were the great mafters of this new method : their 
works therefore became the principal ftudy of young 
Gregory, who foon began to make improvements upon 
their dilcoveries in Optics, The firft of thefe improve- 
ments was the invention of the reflecting telefcope ; the 
conftruction of which inftrument he publifhed in his 
Optica Promota, in 1663, at 24 years ofage. "This dif 
«covery foon attracted the attention of the mathemati- 
4ians, both of our own and of foreign countries, who 
Vou. I. 
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simmediately perceived its great importance to the” 
{ciences of optics and aftronomy. But the manner of 
placing the-two fpectla upon the fame axis appearing 
to Newton to'be attended with the difadvantage ‘of 
lofing the central rays of the larger {peculum, he pto- 
pofed an improvement on the inftrunient, by giving 
an oblique pofition to the-fmaller {peculum, and lacing 
the eye-glafs in the fide of the tube. It is cbtenahle 
however, that the Newtonian conftruétion of that in- 
ftrument was long abandoned for the original or Grego- 
tian, which is now always ufed when the inttroment 
is of a moderate fize ; though Herfchel has preferred. 
the Newtonian ‘form-for the conftru@ion. of thofe im- 
menfe telefcopes, which. he has of late fo fuccefsfully 
employed in obferving the heavens. ' 
About the year 1664 or 1665, coming to Londgn, 
he became acquainted with Mr. John Coilins, ‘who re- 
commended him to the belt optic glafs-grinders there, 
to have his telefcope executed. But as this could not 
be done for want of fkill in the artifts to grind aplate 
of metal for the dbje&t -fpeculum iitto ‘a ‘true pardbo- 
lic concave, which the ‘defign required, he'was much 
difcouraged with the difappointment $ andiafter a: few 
imperfeét trials made with an ill:polithed fphericul dge, 
which did not fucceed to hie‘with, he dropped the par- 
fuit, and refulved to make the tour of Italy, then the 
mart of mathematical learning, that he might profecute 
his favourite Rudy with greater adéantage.: And the 
univerlity of Padaa being at-that time in high reputa- 
tion for rhathematical ftudies, Mr. Gregory fixed hit re- 
fidence there for fome years, Here it was that he pub- 
lithed, in 1667, Vera Circuli et Hyperbole Quadratura 3° 
in which he propounded another difcovery of his own, 


“the invention of an infinitely converging feries for tlie 


areas of the circle’ and hyperbola, He fent home a 
copy of this work to his friend Mr. Collins, who com- 
municated it to the Royal Society, where it met with 
the commendations of lord Brounker and Dr. Wallis. 
He reprinted it at Venice the year following, to which 
he added a new work, entitled Geometrie Pars Univer. 
Salis, inferviens Quantitatum Curvarum Tranfinutationi et 
Menfure 3 in -whichche is allowed. to have fhewn, for 
the firft time, a method for the tranfmutation of curves, 
‘Thefe works engaged the notice, and: procured the au. 
thor the correfpondence of the greateft mathematicians 
of the age, Newton, Huygens, Wallis, and others, 
An account of this piece was alfo read by Mr. Collins 
before the Royal Society, of which Mr. regory, being 
returned from his travels, was chofen a member the 
fame year, and communicated to them an account of a 
controverfy in Italy about the motion of the earth, 
which was denied by Riccioli and his followers.:-— 
Through this channel, in particular, he carried on a 
difpute with Mr. Huygens on the eccafion of his treatife 
on the quadrature of the circle and hyperbola, to which 
that great man had ftarted fome objections ; in: the 
courfe of which our author produced fome improve- 
ments of his feries, But in this difpute it happened, 
as it generally does on fuch occafions, that the anta- 
gonifts, though fetting out with temper enough, yet 
grew too warm in the combat. This was the cafe here, 
efpecially on the fide of Gregory, whofe defence was, 
at his own tequeft, inferted in the Philofophical Trant. 
agtions. It is unneceffary to enter into particulats ; 
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faffice it therefore to fay that, in the 
who allows Mr. Gregory the highelt merit for his ge- 
nius and difcoveries, M. Huygens has pointed out, 
though not errors, fome confiderable deficiencies in 
the treatife above mentioned, and thewn a much fimpler 
method of attaining the fame end. 

In 1668, our author publithed at London another 
work, entitled, ‘Exercitationes Geometrice, which coatri- 
buted ftill much farther to extend his reputation, About 
this time he was eleéted profeffor of mathentatics in the 
univerfity of St. Andrew’s, an office which he held for 
fix years. During his refidence there, he married, in 
1669, Mary, the daughter of George Jamefon, the ce- 
lebrated painter, whom Mr. Walpole has termed the 
Vandyke of Scotland, and who was fellow difciple with 
that great artift in the {chool of Rubens at Ant- 
werp. 

Tn 1672, he publifhed “ The Great and New Art 
of Weighing Vanity: or a Difcovery of the Ignorance 
and Arrogance of the Great and New Artift, in his 
Pfeudo-philofophical Writings. By M. Patrick Ma- 
thers, Arch-bedal to the Univerfity of St. Andrews. 
'Fo which are annexed fome Tentamina de Motu Pen- 
‘dali & ProjeGtorum.” Under this afumed name, our 
author wrote this little piece to expofe the ignorance 
of Mr. Sinclare, profeffor at Glafgow, in his hydrofta- 
tical writings, and in return for fome ill ufage of that 
author to a colleague of Mr. Gregory’s. ‘The fame 
year, Newton, on his wonderful difcoveries in the na- 
ture of light, having contrived a new reflecting tele- 
{cope, and made feveral objections to Mr. Gregory’s, 
this gave birth to a difpute between thofe two philofo- 

g janie which was carried on during this and the fol- 
wing year, in the moit amicable manner on both fides; 
Mr. Gregory defending his own conttrution, fo far, as 
to give is antagonift the whole honour of having 
made the catoptric telefcopes preferable to the dioptric 5 
and fhewing, that the fanperfettions in thefe inftruments 
were not fo much owing toa defeét in the object {pecu- 
tum, as to the different refrangibility of the rays of light. 
In the courfe of this difpute, our author defcribed a 
burning concave mirror, which was approved by New- 
ton, and is {till in good efteem. Several letters that 
paffed in this difpute, are printed by Dr. Defaguliers, 
in an Appendix to the Englith edition of Dr. David 
Gregory’s Elements of Catoptrics and Dioptrics. 

In 1674, Mr. Gregory was called to Edinburgh, to 

fill the chair of mathematics in that univerfity, This 

lace he had held but little more than a year, when, 
in OGober 1675, being employed in fhewing the fatcl- 
lites of Jupiter through-a telefcope to fome of his pu- 
pils, he was fuddenly ftruck with total blindnefs, and 
died a few days after, to the great lofs of the mathe- 
matical world, at only 37 years of age. 

As to his character, Mr. James Gregory was a man 
of a very acute and penetrating genius, His temper 
Seems to have been warm, as appears from his conduct 
in the difpute with Huygens; and, confcious perhaps 
of his own merits as 2 difcoverer, he feems to have been 
jealous of lofing any portion of his reputation by the 
amprovements of others upon his inventions. He pof- 
fefled one of the moft amiable characters of a true phi- 
lofopher, that of being content with his fortune in his 

. fituation. But the moft brilliant part of his character 
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is that of his mathematical genius as-an inventor, which. 
was of the firft order; as will appear by the following 
lift of his-inventions and dilcoveries. Among many 
others may be reckoned, his Reflecting Telefcope 5— 
Burnmg Concave Mirror 3—Quadrature of the Circle 
and Hyperbola, by an infinite converging ferizs ;— 
his method for the ‘T'ransformation of Curves ;—a Geo- 
metrical Demonftration of lord Brounker’s ferics for 
Squaring the Hyperbola—his Demonitration that the 
Meridian Line is analogous to a {gale of Logarithmic 
Tangents of the Half Complements of the Latitude ;— 
he alfo invented and demonitrated geometrically, by 
help of the hyperbola, a very fimple converging feries 
for making the logarithms ;—he fent to Ms. Collins the 
folution of the famous Keplerian problem by an infinite 
feries ;—he difcovered a method of drawing Tangents 
to Curves geometrically, without any previous calcu- 
lations ;—a rule for the Direét and Inverfe method 
of Tangents, which ftands upon the fame principle 
(of exhauftions) with that of fuxions, and differs not 
much from it in the. manner of application; a Series 
for the length of the Arc of a Circle from the 'l'an- 
gent, and vice verfa ; as alfo for the Secaut and Lo- 
gafithmic Tangent and Secant, and vice verfa:— 
Thefe, with others, for meafuring the length of the 
elliptic and hyperbolic curves, were fent to Mr.*Colling, 
in return for fome received from him of Newton’s, in. 
which he followed the elegant example of this author,, 
in delivering his feries in imple terms, independent of 
each other. Thefe and other writings of our author are 
moftly contained in the following works, viz, 

a sig Promota ; 4to, London. 1663. 

2. Vera Circuli et Hyperbole Quadratura; 4to, Padua, 
1667 and 1668. 

3. Geometrie Pars Univerfalis ; 4t0, Padua 1668, 

4. Exercitationes Geometrica ; 4to, London 1668. 

5. The Great and New Art of Weighing Vanity, &es. 
8vo, Glafgow 1672. , 

The reit of his inventions make the fubje& of feve- 
ral letters and papers, printed cither in the Philo/. 
Tranf. vol. 3; the Commerc. Epiftol. Fob. Collins et 
Aliorum, 8vo, 17153 in the Appendix to the Englith. 
edition of Dr. David Gregory’s Elements of Optics, 8vo, 
1735, by Dr. Defaguliers ; and fome feries in the Euxer- 
citatio Geometrica of the fame author, 4to, 1684, Edin-, 
burgh ; aswell as in his little piece. on Practical Geo- 
metry. 

Grecory (Dr. David), Savilian profeffor of af-. 
tronomy at Oxford, was. nephew of the above-men- 
tioned Mr. James Gregory, being the eldeft fon of his 
brother Mr. David Gregory of Kinardie, a gentleman. 
who had the fingular fortune to fee three of his fons 
all profeffors of mathematics, at the fame time, in three. 
of the Britifh Univerfities, viz, our author David at 
Oxford, the fecond fon James at Edinburgh, and the 
third fon Charles at St. Andrews. Our author David, 
the eldeft fon, was born at Aberdeen in 1663, where he 
received the early parts of his education, but completed 
his ftudies at Edinburgh ; and, being poffeffed of the 
mathematical papers of his uncle, foon diftinguithed 
himfelf likewife as the heir of his genius. In the 23d 
year of his age, he was eleéted profeffor of mathemay 
tics in the uniterfity of Edinburgh; and, in the fame 
year, he publithed Excrcitatia Geametrica de Dimenfione 

Figurarum, 
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Figurarim, five Specimen Methodi peweralis Dimetiendt 
quafvis Figuras, Edinb. 1684, 4to. He very foon per- 
ceived the excellence of the Newtonian philofophy ; 
and had the merit of being the fir that introduced 
it into the fchools, by his public le@ures at Edinburgh. 
He had (fays Mr. Wilton, in the Memoirs of his 
own Life, i, 32) already caufed feveral of his {cholars to 
keep ats, as we call them, upon feveral branches of the 
Newtonian philofophy; while we at Cambridge, poor 
wretches, were ignominioufly fudying the fictitious hy- 
pothefis of the Cartefian.” 

In 1691, on the report of Dr. Bernard’s intention of 
refigning the Savilian profefforfhip of aftronomy at Ox- 
ford, our author went to London ; and being patronifed 
by Newton, and warmly befriended by Mr. Flamfteed 
the aftronomer royal, he obtained the vacant profeffor- 
fhip, though Dr, Halley was a competitor. This ri- 
valfhip, however, inftead of animofity, laid the foundation 
of friendfhip between thefe eminent men; and Halley 
foon after became the colleague of Gregory, by obtain- 
ing the profeflorfhip of geometry in the fame univerfity. 
‘Soon after his arnval in London, Mr. Gregory had 
been elected a fellow of the Royal Society ; and, pre- 
vioufly to his cle€tion into the Savilian profefforfhip, 
had the degree of doétor of phyfic conferred on him by 
the univerfity of Oxford. 

In 1693, he publifhed in the Philof. 'Tranf. a refo- 
lution of the Florentine problem de Tefludine veliformé 
quadrabili ; and he continued to communicate. to the 
public, from time to time, many ingenious mathematical 
papers by the fame channel. 

n 1695, he printed at Oxford, Catoptrice et Dinp- 
trice Spharica Elementa ; a work which, we are inform- 
ed in the preface, contains the fubftance of fome of his 

ublic leétures read at Edinburgh, eleven years before. 

‘his valuable treatife was republifhed in Englifh, firft 
with additions by Dr. William Brown, with the re- 
commendation of Mr. Jones and Dr. Defaguliers ; and 
afterwards by the latter of thefe gentlemen, with an 
appendix containing an account of the Gregorian and 
Newtonian telefcopes, together with Mr. Hadley’s 
tables for the conkruétion of both thofe inftruments. 
It is not unworthy of remark, that, in the conclufion 
of this treatife, there is an obfervation which fhews, 
that the conftruction of achromatic telefeopes, which 
Mr. Dollond has carried to fuch great perfection, 
had occurred to the mind of David Gregory, from re- 
flecting oa the admirable contrivance of nature in com- 
bining the different humours of the eye. The paf- 
fage is as follows: * Perhaps it would be of fervice to 
make the object lens of a different medium, as we fee 
‘done in the fabric of the eye; where the cryftalline 
humour (whofe power of refracting the rays of Hight 
differs very little from that of als) is by nature, who 
never does any thing in vain, joined with the aqueous 
’and vitreous humours (not differing from water as to 
their power of refraction) in order that the image may 
‘be painted as diilinét as poflible upon the bottom of 
the eye.” : 

In 1702 our author publifhed at Oxford, in felio, 
Aftronomia Phyfice et Geometrice Elemenia; a work 
which is accounted his mafler-piece. It is founded 
son the Newtonian dottrines, and was eleemed by New- 
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ton himfelf as a meit excellent explanation and defence. * 
of his philofophy. In the following year he gave ta: 
the world an edition, in folio, of the works-of Euclid, 
in Greek and Latin; being done in profecution of .a 
defign of his predeceffor Dr. Bernard, of printing the 
works of all the ancient mathematicians. In this work, 
which contains all the treatifes that have been attri- 
buted to Euclid, Dr. Gregory has been careful to 


‘point out fuch as he found reafon, from internal evi- 


dence, to believe to be the productions of fome infe- 
rior geometrician. In profecution of the fame plan, 
Dr. Gregory engaged foon after, with his colleague 
Dr. Halley, in the publication of the Conics of Apol- 
lonius ; but he had proceeded only a little way in this 
undertaking, when he died at Maidenhead in Berkshireg. 
in 1710, being the 49th year of Bis age only. 

Befides thofe works publifhed in our author’s life 
time, as mentioned above, he had feveral papers infert- 
ed in the Philof. Tranf. vol. 18, 19, 21, 24, and 25, 
particularly a paper on the catenarian curve, firft con- 
fidered by our author. He left alfo in manufcript, 
A Short Treatife of the Nature and Arithmetic of Lov 
garithms, which is printed at the end of Keill’s tranfla- 
tion of Commandine’s Euclid ; and a Treatife of Pra&i- 
cal Geometry, which was afterwards tranflated, and pub- 
lihed in 1745, by Mr. Maclaurin, 

Dr. David Gregory married, in 1695, Elizabeth, the 
daughter of Mr. Oliphant of Langtown in Scotland. 
By this lady he had four fons, of whom, the eldeft,. 
David, was appointed regius profeffor of modern hif- 
tory at Oxford by king George the 1ft, and died at an 
advanced age in 1767, after enjoying for many years 
the dignity of dean of Chriftchurch in that univerfity. 

When David Regery. quitted Edinburgh, he was 
fucceeded in the profefforfhip at that univerfity by his 
brother Pipi thewite an eminent mathematician ; 
who held that office for 33 years, and, retiring in 
1725, was fucceeded by the celebrated Maclaurin. A. 
daughter of this profeflor James Gregory, a young 
lady of great beauty and accomplifhments, was the 
victim of an unfogpnate attachment, that furnifhed the 
fubjeét of Mallet’s well known ballad of William and 
Margaret. 

Another brother, Charles, was created profeffor of 
mathematics at St. Andrews by Queen Anne, in 1707. 
This office he held with reputation and ability for 32 
years; and, refigning in 1739, was fucceeded by his 
fon, who eminently inherited the talents of his family, 
and died in 1763. : 


Some farther Particuldvs of the Family of the Gregorys and 
Ander fons, communicnted by Dr. Thomas Reid, Profef- 
for of Moral Philofophy in the Univerfity of Glafgow, 
‘a Nephets of the late Dr. David Gregory Savilian Pro- 
Siffor at Oxford, 


Some account of the family of the Gregorys at 
Aberdeen, is given in the Life of the late Dr. John 
Gregory prefixed to his works, printed at Edinburgh 
for A. Strahan and T. Cadell, London, and W. Creechy 
Edinburgh, 1788, in four {mall 8vo velumes, 

Who was the author of that Life, or whence he had 
his information, I do not know. 1 have heard it afcribed 
to Mr. Tytler the younger, whofe father was appointed 
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~ one of the guardians of Dr. John Gregory's children. 
Some additions to what is contained in it, and remarks 
upon it, is-all I-can fornifh upon this fubjed. 

‘Page 3. I know nothing of the education of David 
Annderfon of Finzaugh. He feems to have been a felf- 
taught Engineer. Every public work which furpaffed 
the {kill of common artifts, was committed to the 
nianagement of David. Such a reputation he acquired 
by his fuccefs in works of this kind, that with the vul- 
gar he got the by-name of Davie doa’ thing, that is in 
the Scottifh dialect, David who could do every thing. 
By this appellation he is better known than by his 
proper name. He raifed the great bells into the 
fteeple of the principal church: he cut a paffage for 
fKips of burden through a ridge of rock under water, 
which croffed the erftrance into the harbour of Aber- 
deen. Ina long picture gallery at Cullen Houfe, the 
feat of the earl of Findlater, the wooden ceiling is 
painted with feveral of the fables of Ovid’s Metamor- 
phofis. The colours are {till bright, and the repre- 
{entation lively. The prefent earl’s grandfather told 
re that this painting was the work of David Anderfon 
my anceftor, whom he acknowledged as a friend and 
relation of his family. 

* Such works, while they gave reputation to David, 
fuited ill with his proper bufinefs, which was that of a 
merchant in Aberdeen. In that he fucceeded ill; and 
having given up mercantile bufinefs, from a fmall re- 
mainder of his fortune began a trade of making malt ; 
and having inftructed his wife in the management of it, 
left it to her care, and went into England to try his for- 
tune as an engineer an employment which in ‘his own 
country he had praétifed gratuitoufly. Having in that 
way made a fortune which fatisfied him, he returned 
to Aberdeen, where his wife had alfo made money by 
her malting bufinefs. 

After making fuch provifion for their children as 
they thought reafonable, they agreed that the longett 
liver of the two fhould enjoy the remainder, and at 
death fhould bequeath it'to certain purpofes in the ma~ 
nagement of the magiftrates of Abewken. 

The wife happencd to live longeft, and fulfilled what 
had been concerted with her hufband. Her legacies, 
well known in Aberdeen, are called after her name 
Fane Guli’s Mortifications, a mortification in Scots law 
fignifying a bequeathment for fome charitable purpofe. 

hey confift of fums for different purpofes. For or- 
phans, for the education of boys aud girls, for unmar- 
ried gentleXomen, and for widows; and they {till con- 
tinuc to be ufeftl to many in indigent circumitances. 

She was the daughter of Dr. Guild a minifter of 

'. Aberdeen. ‘Befides her moncy, fhe bequeathed a piece 
of tapeltry, wrought by her own hand, and reprefent- 
ing the hiftory of queen Efther, from a drawing made 
by her hufband. The tapettry continues to ornament 
the wall of the principal church. 

In the fame page it is faid that Alexander Ander- 
fon, profelfor of mathematics at Paris, was the coufin- 
‘yerman of David above-mentioned. I know not the 
‘writer’s authority for this: ] have always heard that they 
were brothers ; but for this I have only family tradition. 

P. 4. It is here faid that James Gregory was in- 
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firuéted in the Elements of Euclid by his mother, 
the daughter of David Anderfon, 

‘Fhe account I have heard differs from this. It 
is, that his brother David, being ten or eleven years 
older, had the direGtion of his education after their 
father’s death, and, when James had finifhed his courfe 
of philofophy, was at a lofs to what literary profeffion 
he fhould dire&t him. After fome unfuccefsful trials, 
he put Euclid’s Elements into his hand, and fnding- 
that he applied to Euclid with great avidity and fuc+ 
cefs, he encouraged and aflifted him in his mathemati- 
cal ftudies. 

This tradition agrees with what James Gregory fays 
in the preface to his Optica Promota ; where after men- 
tioning his advance to the 26th propofition, he adds, 
Uti diu haft omne fpe progrediendi orbatus, fed continuis 
hortatibus et auxihis fratris msi Davidis Gregurii, in Ma- 
thematicis non parum werfati (cui fi quid in bifce Scientiis 
preflitero, me illud debere non inficias ibo) animatus, tan= 
dem incidi §5c, Whether David had been inflruéted in 
mathematics by his mother, or had any living inftruc- 
tor, I know not. : : 

P.5,6. In thefe two pages I think the merit of 
Gregory compared with that of Newton in the inven~ 
tion of the catoptric telefcope, is put in a light more 
unfavourable to Newton than is juft. Gregory be~ 
lieving that the imperfection of the dioptric telefcope, 
arofe folely from the fpherical figure of the glaffes, in- 
vented his telefcope to remedy that imperfeGtion. Being 
lefs converfant in the praétice of mechanics, he did not 
attempt to make any model. The fpecula of his te~ 
lefcope required a degree of polifh and a figure which. 
the beft opticians of that age were unable to execute. 
Newton demonftrated that the imperfeétion of the 
dioptric telefcope arofe chiefly from the different re- 
frangibility of the rays of light; he demonftrated alfo 
that the catopric telefcope required a degree of poliftt 
far beyond what was neceflary for the dioptric. He 
made a model of his telefcope; and finding that the 
beft polith which the opticians could give, was infuffi- 
cient, he improved the polifh with his own hand, fo 
4s to make it anfwer the purpofe, and has defcribed 
moit accurately the manner in which he did this. And, 
had he not given this example of the praGticability of 
making a reflecting telefcope, it is probable that it 
would have paffed as an impraticable idea to this day. 

P. 11. To what is faid of this James Gregory might 
have been added, that he was led by analogy to the true 
law of Refraction, not knowing that it was difcovered 
by Des Cartes before (fee Preface to Optica Promota} 5 
and that in 1670 having received ina letter from Col- 
lins, a Series for the Area of the Zone of a Circle, and 
as Newton had invented an univerfal method by which 
he could {quare all Curves Geometrical and Mechanical 
by Infinite Series of that kind ; Gregory after much 
thought difcovered this univerfal method, or an equiva. 
lent one. Of this he perfeétly fatisfied Newton and the 
other mathematicians of that time, by a letter to Collins 
in Feb. 1671. He was ftrongly folicited by his brother 
David to publifh his Univerfal Method of Series without 
delay, but excufed himfelf upon a point of honour; 
that as Newton was the firft. inventor, and as nee 
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been led to it by an account of Newton's: having fuch 
a method, he thought himfelf bound to wait till Newton 
fhould publith his method. I have feen the letters that 
paffed between the brothers on this fubjedt. en 

With regard to the controverfy between James 
Gregory and Huygens, I take the fubje@ of that con- 
troverfy to have been, not whether J. Gregory’s Qua- 
drature of the Circle by a converging feries was juit, 
but whether le had demonttrated, as in one of his 
propofitions he pretended to do, That it is impoffi- 
ble to exprefs perfeétly the Area of a Circle in any 

- known Algebraical form, befides that of an infinite 
Fabia: feries. Huygens excepted to the demon- 
flration of this propofition, and Gregory defended it ; 
neither of them convinced his antagonift, nor do I 
know that Leibnitz improved upon what Gregory had 
done. , 

P. 12. David Gregory of Kinardie deferved a more 
particular account than is here given. 

It is true that he ferved an apprenticcthip to a mer- 
cantile houfe in Holland, but he followed that profeffion 
no longer than he wasunder authority, having a ftronger 
paffion for knowledge than for money. He returned 
to his own country in 1655, being about 28 years of 
age, and from that time led the life of a philofopher. 
Having fucceeded. to the eftate of Kinardie by the 
death of an elder brother, he lived there to the end of 
that century, There all his children were born, of 
whom he had thirty-two by two wives. 

Kinardie is above 40 Englith miles north from Aber- 
deen, and a few miles from Bamf, upon the river Di- 
veron, He was a jeft among the neighbouring gentle- 
“men for his ignorance of what was doing about his own 
farm, but an oracle in matters of learning and philofo- 
phy, and particularly in medicine, which he had ftu- 
died for his amufement, and begun to praétife among 

his poor neighbours. He acquired fuch a reputation 

io that {cience, that he was employed by the nobility 
and gentlemen of that county, but took no fees. His 
hours of Rudy were fingular. Being much occupied 
through the day with thofe who applied to him as a 
phyfician, he went early to bed, rofe about two or 
three in the morning, and, after applying to his ftudies 
for fome hours, went to bed again and flept an hour or 
two before breakfatt. 

-He was the firft man in that country who had a 
barometer ; and by fome old letters which T have 
feen, it appeared, that he had correfponded with fome 
philofophers on the continent about the changes in the 
barometer and in the weather, particularly with Ma- 
riotte the French philofopher. He was once in danger 
of being profecuted as a conjurer by the Prefbytery on 

‘ account of his barometer. A deputation of that body 
having waited upon him to enquire into the ground of 
certain reports that had come to their ears, he fatisfied 
them fo far as to prevent the profecution of a man 
known to be fo extenfively ufeful by his knowledge of 
medicine. About the beginning of this century he 
removed with his family to Aberdeen, and in the time 
of queen Anne’s war employed his thoughts upon an 
improvement in artillery, in order to make the fhot of 
great guns more deftruCtive to the enemy, and executed 
a model of the engine he had conceived. I have con- 
verfed with a clock-maker in Aberdeen who was em- 
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ployed in-making this model; but-having made many - 
different pieces by direGtion: without knowing their ia- 
tention, or how they. were 6 bé put together, he 
could give no account of the whole, After making 
fome experiments with this model, which fatisfied him, 
the old gentleman was fo fanguine in the hope of being 
ufeful to the allies in the war againft France, that he 
fet about preparing a field equipage with a view to 
make a campaign in Flanders, ang in the mean time 
fént his model to his fon the Saviltan profeffor, that he 
might have his and Sir [faac Newton’s opinion of it. 
His fon thewed it to Newton, without letting him know 
that his own father was the inventor. Sir Ifaac was 
much difpleafed with it, faying,that if it tended as much. 
to the prefervation of mankind as to their deftruétion, 
the inventor would have deferved a great reward ; but 
as it was contrived folely for deftruétion, and would 
foon be known by the enemy, he rather deferved to be 
punifhed, and-urged the profeffor very ftrongly to de- 
ftroy it, and if poffible to fupprefs the invention. “It 
is probable the profeffor followed this advice. He died 
foon after, and the model was never found. 

‘When the rebellion broke qut in 1715, the old gea- 
tleman went a fecond time to Holland, and retumed. 
when it was over to Aberdeen, where he died about 
1720, aged 93. : 

He left an hiftorical manufcript of the Tranfactions: 
of his own Time and Country, which my father told. 
me he had read. 

I was well acquainted with two of this gentleman’s 
fons, and with feveral of his daughters, befides my own 
mother. The fats abovementioned are taken from 
what I have occafionally heard from them, and from 
other perfons of his acquaintance, 

P. 14. In confirmation of what is faid in this page, 
that the two brothers David and James were the firft 
who taught the Newtonian ‘philofophy in the Scotch» 
Univerfities ; I have by me a Thefiz, printed at Edin- 
burgh in 1690, by James Gregory, who was at that 
time a profeffor of philofophy at St. Andrews, and 
fueceeded his brother David in the profeffion of mathe- 
matics at Edinburgh. In this Thefs, after a dedization 
to Vifcount Tarbet, follow the names of twenty-one of 
his fcholars who were candidates for the degree of A. 
M. then twenty-five pofitions or Thefes. The firlt 
three relate to logic, and the abufe of it in the Ariito- 
telian and Cartefian philofophy. He defines logic to 
be the art of making a proper ufe of things granted, in 
order to find what is fought, and therefore admits only 
two Categories in logic, viz, Data and Quafita. The 
remaining twenty-two pofitions are a compend of New- 
ton’s Principia. This Thefis, as was the cuftom at 
that time in the Scotch univerlities, was to be defended 
ina public difputation, by the candidates, previous to 
their taking their degree. 

‘The famous Dr. Pitcairn was a fellow ffudent and 
intimate companion of thefe two Gregories, and du- 
ring the vacation of the colluge was wont to go north. 
with them to Kinardie, their father’s houfe. A 

David Gregory was appointeda preceptor to the duke 
of Gloucefter, queen Anne’s fon; but his entering upon. 
that office was prevented by the death of that prince in 
the cleventh year of his age. 

P.19. D. Gregory’s Euclid is faid to have been. wrote 
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«in profecution ofa defignof his predecelior Dr. Bernard, 
- of printing the works-of all the antient mathematicians. 
This defign- ought to have been afcribed to Savile, who 
left in charge to the two profeffors of his foundation, 
to print the mathematical works of the antients, and I 
think left a fund for defraying the expence. ‘Wallis 
-did fomething in confequence of this charge; Gregory 
and Halley did a great deal ; ‘but I think nothing has 
been done in this defign by the Savilian profeffors fince 
their time. 

P. 20. Befides what is mentioned, Dr. Gregory left 
in manufcript a-‘Commentary on Newton’s Principia, 
which Newton valued, and kept by him for-many years 
after the author’s death. It is probable that in what 
relates to aftronomy, this.commentary may coincide in 
a great meafure with the author’s aftronomy, ‘which 
indeed is an excellent Commentary upon that part-of 
the Principia. ; 

P. 24. This David Gregory publifhed in Latin, a 
“very good compend of arithmetic and algebra, with the 
title Arithmetice ct Algcbre Compendium, in Ufum Faven- 
tutis Academice. Edinb. 1736. He had a defign of 
publithing his uncle’s Commentary on the Principia, 
with extracts from the papers left by James Gregory 
his grand uncle ;. but the expence being too great for 
his feaune, and he too gentle a folicitor of the affift- 
ance of others, the defign was dropped. His fon David, 
yet alive, was mafter cf an Eaft India fhip. . 

P. 40. To the projectors of the fociety at Aberdeen, 
ought to have been added John Stewart profeffor of 
mathematics in the Marifchal college at Aberdeen. He 

ublifhed an explanation of two treatifes of Sir Ifaac 

lewton, viz, his ps cari of Curves, and his Ana- 
lyfis by Equations of an infinite number of terms. He 
‘was an intimate friend of Dr. Reid’s. 

Another of the firft members of that fociety was 
Dr. David Skene, who, befides his eminence in the 
practice of medicine, had applied much to all parts of 
natural hiftory, particularly to botany, and was a cor- 
tefpondent of the celebrated Linnweus. 

r. John Gregory and Dr. David Skene were the 
firlt who attempted a college of medicine at Aberdeen. 
The firft gave le€tures to his pupils in the theory and 
practice of medicine, and in chemittry ; the laft, in ana- 
tomy, materia medica, and midwifery, in order to prepare 
them for attending the medical college at Ediaburgh. 


The following additional lines by Mr. James Millar, Pro- 
Sefer of Mathematics, Glafgow. 

Another inftance of the prevalence of mathematical 
-genius inthe family of Gregory or Anderfon, whether 
produced by an original and inexplicable determination 
of the mind, or communicated by the force of exam- 
ple, and the confcioufnefs of an intimate connection 
with a reputation already acquired in a particular line, 
is the celebrated Dr. Reid, profeffor of moral philofo- 
phy in the univerfity of Glafgow ; a nephew, by his 
mother, of the late Dr. David Gregory, Savilian pro- 
feffor at Oxford. 

his gentleman, well known to the public by his 
moral and metaphyfical writings, and remarkable for 
that liberality, and that ardent {pirit of enquiry, which 
acither overlooksnor undervalues any branchof {cience, is 
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peculiarly diftinguifhed:by his abilities and proficiency ® 
mathematical learning. ‘The objects of literary purfuit 
are often direéted by accidental occurrences. And ap- 
rehenfion of the bad confequences which might refult 
from the philofophy of the late Mr. Hume, induced 
Dr. Reid to:combat the doctrines of that eminent au« 
thor; and produced a work, which has excited nniver- 
-fal attention, and feems to have given a new turn to 
{peculations upon that fubje€t. But it is well known to. 
Dr. Reid’s literary acquaintance, that thefe exertions 
‘have not diminifhed the original bent of his genius, nor 
blunted the edge of his inclination for mathematical rée- 
fearches which, at a very advanced age, he till con- 
tinues to profecute with a youthful attachment, and 
with unremitting affiduity. ‘ 

It may farther be obferved, of the extraordinary family 
above mentioned, that Dr. James Gregory, the prefent 
learned profeffor of phyfic and medicme in the univer-_ 
fity of Edinburgh, is the fon of the late Dr. John 
Gregory, upon the memoirs of whofe life the above re- 
marks have been written by Dr. Reid; the faid James 
has lately publifhed a moft ingenious work, intitled, 
Philofophical and Literary Effays, in 2 volumes 8vo, 
Edinb. 1792; and he feems to’be another worthy in- 
heritant of the fingular genius of his family. 

Grecory (S*. Vincent), a very refpectable Flemith 
geometrician, was born at Bruges in 1584, and became 
a Jefuit at Rome at 20 years of age. He ftudied ma- 
thematics under the learned Jefuit Clavius. He after- 
ward became a reputable profeflor of thofe {ciences, 
himfelf, and his inftru€tions were folicited by feveral 
princes: he was called to Prague by the emperor Fer." 
dinand the 2d; and Philip the 4th, king of Spain, 
was defirous of having him to teach mathematics to his 
fon the young prince John of Auftria. He was not 
lefs eftimable for his virtues than his {killin the feiences. 
His well-meant endeavours were very commendable, | 
when his holy zeal, though for a falfe religion, led him 
to follow the army in Flanders one campaign, to con- 
fefs the wounded and dying foldiers, in which he res 
ceived feveral wounds himfelf. He died of an apoplexy 
at Ghent, in 1667, at 83 years of age. 

As awriter, Gregory St. Vincent was very diffufe 
and voluminous, but he was an excellent geometrician. 
He publifhed, in Latin, thrce mathematical works, the 
principal of which was his Opus Geometricum Quadrés 
ture Circuli, et Seflionum Cont, Antwerp,’ 1647, 2 
vol. dolio. Although he has not demonttrated, in 
this work, the Quadrature of thé circle, as he pretends 
to have done, the book neverthelefs contains a great 
number of truths and important difcoveries; one of 
which is this, viz, that if one afymptote of an hyper- 
bola be divided into parts in geometrical progreffion, | 
and from the points of divifion ordinates be drawn pa- 
rallel to the other afymptote, they will divide the 
fpace between the afymptote and curve into equal por- 
tions ; from whence it was fhewn by Merfenne, that, 
by taking the continual fums of thofe parts, there 
would be obtained areas in arithmetical progreffion, 
adapted to abfciffes in geometrical progreflion, and 
which therefore were analogous to a fyftem of loga- 
rithms. + 

GRENADE, or Grenapo. See Grawave, 

GRUS, the Crane, one of the new conftellations, in 

the 
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the fouthern hemifphere; containiig, according to Mr. 
Sharp’s catalogue, 13.:ftars. 

Gaus is alfo one of the Arabian conitellations, and 
anfwers to our Ophiuens, to which they changed this 
conttellation, their religion prohibiting them from draw- 
ing any human figures. 

GRY, a meafure containing one-tenth of a line. A 
line is one-tenth of a digit, and a-digit.is one-tenth of 
2 foot, and a: philofophical foot, one-third ofa pendu- 
lum, whofe diadromes, ar vibrations, in the latitude of 
45 degrees, are each equal to one: fecond of time, or 
one-fixtieth of a minute. 

GUARDS, a name that has been fometimes ap- 
plied to the two flars neareft the north pole; being in 
the hind part: of the chariot, at the tail of Urfa Minor 
or little bear ; one of them being alfo called the pole 

“far, 

GUERICKE (Orro or Orno)}, counfellor to the 
eleétor of Brandenbourg and’ burgomatter of Magde- 
bourg, was bora in 1602, and died in 1686 at Ham- 
Bourg. He was one of the greateft philofophers of his 
time, It was Guericke that invented the air-pump ; 
the two brafs hemifpheres, which being applied to each 
other, and the air exhaufted, 16 horfes were not able 
to draw them afunder ; the marmoufet of glafs which 
defcended in a tube in rainy weather, and rofe again on 
the return of ferene weather. This lait machine fell 
into difufe onthe invention of the barometer, efpecially 
after Huygens and Amontons gave theirs to. the world, 
Guericke made ufe of his marmonfet to foretell ftorms ; 
from whence he was looked upon asa forcerer by the 

eople ; fo thatthe thunder having one day fallen upon 
Eis houfe, and fhivered to pieces feveral machines which 
he had. employed in his experiments, they failed not to 
fay it was a punifhment from heaven that was angry 
with him.— Gericke was author of feveral works in 
natural philofophy, the principal of which was his Ex- 
perimenta Magdeburgica, ip folio, which contains his 
experiments on a vacuum, 

GUERITE, in Fortification, a centry-box ; being 
a {mall tower of wood, or ftone, ufually placed on the 
point of a baftion, or on the angles of the fhoulder, to 
hold acentinel, who is to take care of the ditch, and 
watch againft a furprife. 

GUEULE, in Architeéture. See Guia. 

GUINEA, agold coin ftruck in England, ‘The 
value or rate of the guinea has varied. It was at firft 

-equal to 20 hhillings; but by the fearcity of gold it 
was afterwards advanced to 215. 6d. ; though it is now 
funk to 215. 

The pound weight trey of gold is cut into 44 parts 
and a half, and each part makes a guinea, which is 
therefore equal to ¥glb, or }$0z, or sdwts 93% gr. 

This coin took its name, Guinea, from the circum- 
flance of the gold of which it was firft flruck being 
brought from that part of Africa called Guinea, for 
which reafon alfo it bore the impreffion of an ele- 

hant.. 

GULA, Gurutet, or Gora, in Architecture, a 
wavy member whofe contout refembles the letter S, 
commonly called an Ogee. 

- GULBE, in Architeéture, the fame as Gorge. 

GULF, or Guipn, in Geography, a part of the 
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ocean runiing up into the land. through .a narrow paf- . 
fage, or flrait, and forming a bay within. As, the 
Gulf of Venice, or Adriatic fea; the Gulfof Arabia, . 
or of Perfia, which isthe Red Sea; the Gulfof Con- 
flautinople, or the Black Sea; the Gulf of Mexico; 
&ea * 

GUN, a fire-arm, or weapon of offence, which forci- 
bly difcharges a ball or other matter through a cylindri- 
cal tube, by means of inflamed gun-powder. 

The word Gun now includes molt of the {pecies of 
fire-arms ; mortars and piftols being almoft the only 
ones excepted from this denomination. They are di- 
vided into great and {mall guns: the former including 
all that are ufually called cannon, ordnance, or artil- 
lery ; and the latter includes mufquets, firelocks, cara- 
bines, mufquetoons, blunderbuffes, fowling-pieces, &c. 

It is not certainly known at what time thefe weapons 
were firft invented. And though the introdution of. 
guns into the weftern part of the world is but of mo- 
dern date, comparatively {peaking ; yet it is certain. 
that in fome parts of Afia they have been ufed for 
many ages, though in a sey rude and imperfeét man- 
ner. Philoftratus {peaks of a city near the river Hy- 
phafis in the Indies, which was faid to be impregnable, , 
and that its inhabitants were relations of the gods, be~ 
caufe they threw thunder and lightning upon their ene- 
mies; and other Greck authors, as allo Quintus Cur- 
tius, fpeak of the fame thing having happened to Alex- 
ander the Great. Hence fome have imagined that 
guns were ufed by the eaftern nations in his time, while 
others fuppofe the thunder and lightning alluded to by 
thofe authors, were only certain artificial fire-works, 
or rockets, fuch as we know are ufed in the wars by the 
Indians even in the prefent day againft the Eurepeans. 
Be this however as it may, it is afferted by many mo~ 
dern travellers, that Guns were ufed in China as far 
back as the year of Chrift 85, and have continued in ufe . 
ever fince. 

The firft hint of the Invention of Guns in Europe, is 
in the works @f Roger Bacon, who flourifhed in the 
13th century. Ina treatife written by him about the 
year 1280, he propofes to apply the violent explofive 
torce of gun-pawder for the deftruction of armies. And 
though it is certainly known that the compofition of 
gun-powder is defcribed by Bacon in the faid work, yet 
the invention has ufually, though improperly, been af- 
cribed to Bartholdus Schwartz, a German monk, who 
it is faid difcovered it only in the year 13203; and the 
invention is related in the following manner. Schwartz 
having, for fome purpofe, pounded nitre, fulphur, and 
charcoal tagether, in a mortar, which he afterwards 
covered imperfe&tly with a ftone, a {park of fire acci- 
dentally fell into the mortar, which fetting the mixture 
on fire, the explofion blew the ftone to a confiderable 
diftance, Hence it is probable that Schwartz might 
be taught the fimpleft method of applying it in war ; 
for it rather feems that Bacen conceived the manner of 
ufing it to be by the violent effort of the flame uncon- 
fined, and which is indeed capable of producing afto. 
nifhing effeGis, (See Gunrownper.) And the figure 
and name of mortars given to a {pecies of old artillery, 
and their employment, in throwing large. ftone bullets 
at an elevation, very much favour this conjecture. 

con 
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_ Soon after the time of Schwartz, we find Guns com- 
monly ufed as initruments of war. Great guns were 
firft ufed. Thefe were originally made of iron-bars fol- 
dered. together, and fortified with trong iron hoops or 
rings; feveral of which are ftill to be feen in the Tower 
of London, and in the Warren at Woolwich. *Others 
srere made of thin fheets of iron rolled up together and 
hooped: and on particular emergencies fome have been 
made of leather, and of lead, with plates of iron or cop- 
per. Thefe firft pieces were executed ina rude and 
imperfect manner, like the firt eflays of moft new in- 
ventions. Stone balls were thrown out of them, anda 
{mall quantity: of powder ufed on account of their 
weaknefs, They were of a cylindrical form, with- 
out ornaments, and were placed on their carriages by 
rings. é 

When, or by whom they were firft made, is uncer- 
tain. It is known however that the Venetians ufed 
cannon at the fiege of Claudia Jeffa, now called Chiog- 
gia, in 1366, which were brought thither by two Ger- 
mans, with fome powder and leaden balls; as likewife 
in their wars with the Genoefe in 1379. But before 
that, king Edward the 3d made ufe of cannon at the 
battle of Creffy in 1346, and at the fiege of Calais in 
1347. Cannon were employed by the Turks at the 
fiege of Conttantinople, then in poffeffion of the Chrif- 
thans, in 1394, and in that of 1452, which threw a 
weight of roolb; but they commonly burft at the 1, 
2d, or 3d firing. Louis the 12th had one caft at 
Tours, of the fame fize, which threw a ball from the 
Battile to Charenton: one of thefe extraordinary 
@annon was taken at the fiege of Diew in 1546, 
by Don John de Caftro, and is now in the cattle 
of St. Julian da Barra, ro miles from Lifbon: the 
length of is 20 feet 7 inches, its diameter at the mid- 
dle 6 feet 3 inches, and it threw a ball of roolb 
weight. It has neither dolphins, rings, nor button ; 
ig of an unufual kind of mgtal; and it has a large 
Indoftan infcription upon it, which fays it was caft in 
1400. ‘ « 

Formerly, cannon were dignified with uncommon 
names. Thus, Lewis the r2th, in 1503, had 12 brafs 
eannon caft, of an extraordinary fize, called after the 
names of the 12 peers of France. ‘The Spanifh and 
Portuguefe called them after their faints. “Ihe empe- 
ror Charles the 5th, when he marched againft. Tunis, 
founded the 12 apoftles. At Milan there isa 70 poun- 
der, called the Pimontelle ; and one at Bois-le-duc, 
called the Devil. A 60 pounder at Dover-caftle, called 

ueen Elizabeth’s pocket-piftol. An 80 pounder in 

‘the Trower of London, brought there from Edinburgh- 
caftle, called Mounts-meg, An 80 pounder in the 

royal arfenal at Berlin, called the Thunderer. An 80 
pounder at Malaga, called the Terrible. Two curious 
Go pounders in the arfenal at Bremen, called the Mef- 
fenger of bad news. And laftly an uncommon 70 
pounder in the caftle of St. Angelo at Rome, made of 
the nails that faftened the copper-plates which covered 
the ancient Pantheon, with this infcription upon it, 

__ Ex clavis trabalibus porticus Agrippz. 

In the beginning of the r5th century thefe uncom- 

mon names were generally abolithed, and the following 
. more univerfal ones took place, viz, 
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Wh. of piece 
: Wi. of ball, in seb rssh 
Names. Pounders. Cwt. 
Cannon royal, or carthoun, 48 - 90 
Baftard cannon, or? carthoun, 36 - 79 
Demi-carthoun,.  - - 24° - 60 
Whole culverins, - + 18 - 50 
Demi-culverins, - - 9 - 30 
Falcon, - - - 6 - 25 
: largeft fize - 8 - 18 
Sacker {tn - 6 - 15 
loweft fort - 5 - 13 
Bafiliflc - - - 43 - 85 
Serpentine - oe 4 + 8 
Afpic - - 7 2 - 9 
Dragon -— - - 6 - 12 
Syren - - - Go - Sr 
Falconet - - 3,2, and I 15,105 
Rabinet - - 1 
Moyens - - - 10 or 12 62. 


Thefe curious names of beafts and birds of prey 
were adopted on account of their fwiftnefs in motion, 
or of their cruelty ; as the falconet, falcon, facker, and 
culverin, &c, for their {wiftnefs in flying ; the bafi- 
litk, ferpentine, afpic, dragon, fyren, &c, for their 
cruelty. : . 

But, at prefent, cannon take their names from the 
weight of their proper ball. ‘Thus, a piece that dif- 
charges a caft-iron ball of 24 pounds, is called a 24 
pounder; one that carries a ball of 12 pounds, is called 
a 12 pounder; and fo of the reft, divided into the fol- 
lowing forts, viz, : ; 

Ship-guns, confifting in 42, 36, 32, 24) 18, [25 
9, 6, and 3 pounders. % 

Garrifon-guns, in 42, 32, 24, 18, 12, 9» and. 6 
pounders. 

Battering-guns, in 24, 18, and 12 pounders. 

Field-pieces, in 12, 9, O, 325 Ths Ty and £. poundets, 

Mortars, itis thought, have been at leaft as ancient 
as cannon. They were employed in the wars of Italy, 
to throw balls of red-hot iron, ftones, &c, long before 
the invention of fhells. Thefe laft, it is fuppofed, were 
of German invention, and the ufe of them in war fhewn 
by the following accident ; viz, a citizen of Venlo, at 
a fettival celebrated in honour, of the duke of Cleves, 
throwing a number of fhells, one of them fell on a 
houfe and fet it on fire, by which misfortune the greatelt 
part of the town was reduced to afhes. The firft ac- 
count of fhells ufed for military purpofes, isin 14355 
when Naples was befieged by Charles the 8th. if. 
tory iaforms us, with more certainty, that hells were 
thrown out of mortars at the fiege of Wachtendonk, in 
Guelderland, in 1588, by the earl of Mansfield; and 
Cyprian Lucar wrote upon the method of filling and 
throwing fuch fhells in his Appendix to the Colloquies 
of Tartaglia, printed at London in 1588 ; where alfo 
the compounding and throwing of carcafies and various 
forts of fire-works are fhewn. : 

Mr. Malter, an Englith engineer, firtt tanght the 
French the art of throwing fhells, which they practifed 
at the fiege of Motte in 1634. The method of thrpw- 
ing red-hot balls out of mortars was firft certainly put 

in 
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in pradtice ‘at the fiege of StraMund “in 1675 by-the 
elector of Brandenburgh: though fome fay in i653 at 
the fiege of Bremen. 

Another fpecies of ordnance has been long in ufe, by 
the name of Howitzer, which is a kind of medium as 
to its length, between the cannon and the mortar, and 
isa very uleful piece, for difcharging either hells or 
large balls, which is done either at point-blanc, or ata 

*fmall elevation. 

A new fpecies of ordnance has lately been introduced 
by the Carron company, and thence called a Carronade, 
which is only a very fhort howitzer, and which poffeffes 
the advantage of being very light and eafy to work. 

The {pecies of Guns before mentioned, are now 
made chicfly of caft iron; except the howitzer, which 
is of brafs, as well as fome cannon and mortars. 

Mutkets were firlt ufed at the fiege of Rhege in the 
year 1521. The Spaniards were the firft who armed 
part of their foct with thefe weapons. At jirft they 

were very heavy, and could not be ufed without a reff. 
‘hey had mate cks, and did execution ata great 
dittance, On tiieir march the foldiers carried only the 
refls and ammunition, having boys to bear their mufkets 
after them. "They were very flow in loading, not only 
by reafon of the unwieldinels of their pieces, and be- 
caule they carried the powder and ball {eparate, but 
from the time it took to prepare and adjult the match ; 
fo that their fire was not near fo brifk as ours is now. 
Afterwards a lighter match-lock mufket came in ufe: 
and they carried their ammunition in bandeliers, to 
which were hung feveral little cafes of wood covered 
with leather, each containing a charge of powder. The 
mufkets with refts were ufed as late as the beginning of 
the civil wars in’ the time of Charles the 1ft. The 
lighter kind fucceeded them, and continued till the 
beginning of the prefent century, when they alfo were 
difufed, and the troops throughout Europe armed with 
firelocks. Thefe are ufually made of hammered iron. 
- For the dimenfions, conftruétion, and practice of every 
{pecies of Gun, &c, fee the feveral articles Cannon, 
Mortar, &c. See alfo Gunnery. 

GUNNERY, the art of charging, dire&ting, and 
exploding fire-arms, as cannon, mortars, mufkets, &c, 
to the beft advantage. 

Gunnery is fometimes confidered as a part of the 
military art, and fometimes as a part of pyrotechny. 
To the art of Gunnery too belongs the knowledge of 
the force and effect of gunpowder, the dimenfions of 
the pieces, and the proportions of the powder and ball 
they carry, with the methods of managing, charging, 
pointing, fpunging, &c. Alfo fome parts of Gunnery 
are brought under mathematical confideration, which 
among mathematicians are calied absolutely by the name 
Gunnery, viz, the rules and method of computing the 
range, elevation, quantity of powder, &c, fo as to hit 
a mark or object propofed, and is more particularly 
d Peaojeetines; which fee. 

Hisvory of Gunnery. 

Long before the invention of gunpowder, and of 
Gunnery, properly fo called, the art of artillery, or pro- 
jectiles, was aQually in practice. For, not to mention 
the ufe of dpears, javelitis, or flones thrown with the 
hand, or of bows and arrows, all which are found 
among the moit barbarous and ignorant people, ac- 

Ve. f. : 
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counts of the larger machines for throwing flones, 
darts, &c, are recorded by the moft ancient writers: 
Thus, one of the kings of Judah, 800 years before the 
chriftian era, ereed enginés of war on the towers and 
bulwarke of Jerufalem, for fhooting arrows and great 


ftones for the defence of that city. 2 Chron. xxvi. 15. / 


Such machines were afterwards known among the 
Greeks and Romans by the names of Balliita, Catapul- 
ta, &c, which produced effeéts by the a@ion of a fpring 
of a ftrongly twilted eordage formed of tough and 
elaflic animal fabftances, no lefs terrible thar the artil- 
lery of the moderns. Such warlike inftruments couti- 
nucd in ufe down to the rath and 13th centuries, and 
the ufe of bows ftill longer; nor is it probable that 
they were totally laid afide till they were fuperfeded hy 
gunpowder and the modern ordnance. 

‘The firlt application of gunpowder to military af- 
fairs, it feems, was made foon after the year 1300, for 
which the propofal of friar- Bacoa, about the year 
1280, for applying its enormous explofion to the de- 
ftruétion of armies, might give the firft hint; and 
Schwartz, to whom the invention of gunpowder has 
been erroncoufly aferibed, on account of the accident. 
abovementioned under .the article Gun, might have 
been the firft who aGtually applied it in this way, that 
is in Europe; foras to Afia, it is probable that the 
Chinefe and Indians had fomething of the kind many 
ages before. Thus, only to mention the prohibition. 
of fire-arms in the code of Gentoo laws, printed by the 
Eatt India Company in 1776, which feems to confirm 
the fufpicion fuggeftcd by a paffage in Quintus Cur- 
tius, that Alexander the Great found “fome weapons of 
that kind in India: Cannon in the Shanferit idiom is. 
called fhet-aghnee, or the weapon that kills a hundred 
men at once. - -* 

However, the firft pieces of artillery, which were 
charged with gunpowder and ftoné bullets of a prodigious 
fize, were eg very clumfy and inconvenient ftructure 
and weight. Thus, when Mahomet the 2d befieged 
Conftantinople in 1453, he battered the walls with 
ftones of this kind, and with pieces of the calibre of 
1200 pounds ; which could not be fired more than four 
times a day. It was however foon difcovered that iron 
bullets, of much lefs weight than ftone anes, would be 
more efficacious if impelled by greater quantities of. 
ftronger powder. This occafioned an alteration in the 
matter and form of the cannon, which were now caft of 
brafs. ‘T'hefe were lighter and more manageable than 
the former, at the fame time that they were flronger in 
proportion to their bore. This change took place about 
the clofe of the r5th century. 

By this means came firft into ufe fuch powder as is 
now employed over all Europe, by varying the propor 
tion of the materials. But this change of the propor- 
tion was not the only improvement it received. The 
practice of graining it is doubtlefs of confiderable ad- 
vantage. At firft the powder had been-always ufed in 
the form of fine meal, fuch as it was reduced to by 
grinding the materials together. And it is doubtfhid 
whether the firft graining of powder was intended to. 
increafe its ftrength, or only to render it more conve- 
nient for filling into {mall charges and the charging of 
{malt arms, to which alone it was applied for many 
years, whilft meal-powder was itill ufed for cannon, 
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But at lat the additional fireggth which the grained 
powder was found to poffefs, doubtlefs from the free 
paflage of the air between the grains, occafioned the 
meal-powder to be entirely laid afide. 
For the laft 200 years, the formation of cannon has 
«been very little improved ; the beft pieces of modern 
artillery differing little in their proportions from thofe 
ufed in the time of Charles the sth. Indeed lighter 
and fhorter pieces have been often propofed and tried ; 
but, though they have their advantages in particular 
eafes, it is agreed they are not fufficient for general 
fervice. Yet thé fize of the pieces has been much de- 
creafed ; the fame purpofes being now accomplifhed, 
by fmaller pieces than what were tormerly thought ne- 
ceffary. hus the battering cannon now approved, are 
thofe that formerly were called demi cannon, carrying 
a ball of 24 pounds weight ; this weight having been 
found fully {ufficient. The method alfo of making a 
breach, by firft cutting off the whole wall as low as 
poflible before its upper part is attempted to be beaten 
down, feems to be a confiderable modern improvement 
in the praGical part of gunnery. But the moft confi- 
derable improvement in the' practice, is the method of 
firing with fmall quantities of powder, and elevating the 
piece but a little, fo that the bullet may juft goclear of 
the parapet of the enemy, and drop into their works, 
called ricochet firing: for by this means the ball, com- 
ing to the ground at a {mall angle, and with a {mall 
velocity, does not bury itfelf, but bounds or rolls along 
_a great way, deftroying all before it. This method was 
firt practifed by M. auban at the fiege of Aeth, in 
the year 1692. A praétice of this kind was fuccefs- 
fully ufed by the king of Pruffia at the battle of Rof- 
bach in i757. He had feveral fix-inch mortars, made- 
with trunnions, and mounted on travelling carriages, 
which were fired ear wed on the enemy’s lines, and 
among their horfe. Thefe being charged with only 
8 ounces of powder, and elevated at one degree and a 
quarter, did great execution : for the fhells rolling along 
the lines with burning fufes made the ftouteft of the 
enemy not wait for their buriting. 

The.ufe of fire-arms was however long known before 
any theory. of projetiles was formed. The Italians 
were the firft people that made any attemptsat the theory, 
which they did ahout the beginning of the 16th cen- 
tury, and amongift them it feems the firft who wrote 

rofeffedly on the flight of cannon, fhot, was Nicholas 
Tartalia, of Brefcia, the fame author who had fo great 
a fhare in the invention of the rules for cubic equations. 
In 1537 he publifhed, at Venice, his Nova Scientia, 
and in 1546 his Qacfiti &F Inventioni diverfi, in both 
which he treats profeifedly on-thefe motions,, as well as 
in another work, tranflated into Englith with additions 
by Cyprian Lucar, under the title of Colloquies con- 
cerning the Art of Shooting in great and fmall Pieces of 
Astillery, and publithed at London: in 1588. He de- 
termined, that the greateft range of a thot was when: 
difcharged at an elevation of 45°: and he afferted, con-. 
trary to the opinion of his contemporaries, that no part 
of the path defcribed by a ball is a right line ; although. 
the curvature in the firft part of it 1s fo {mall, that it: 
need not be attended to. He compared it to the fur- 
face of the fea; which, though it appears to be a- 
plane, is yet doubtlefs incurvated round the centre of, 
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the earth. ~ He fays he inverted the gunner’s quadrant, 
for laying a piece of ordnance at any point or degreé of 
elevation ; and though he had but-little opportunity of 
acquiring any practical knowledge by experiments, he 
yet gave fhrewd gueffes at the event of fome untried 
methods. ‘ 

The philofophers of thofe times alfo took part in the 
queftions arifing upon this fubje@ ; and many difputes 
on motion were held, efpecially in Italy, which conti- - 
nued till the time of Galileo, and probably gave rife to 
his celebrated Dialogues on Motion. Thele were not 
publifhed till the year 1638 ; and in the interval there 
were publifhed many theories of the motion of military 
projectiles, as well as many tables of their comparative 
ranges; though for the moit part very fallacious, and 
inconfiftent with the motions of thefe bodies. 

It is remarkable however that, during thefe contefts, 
fo few of thofe who were intrufted with the care of are 
tillery, thought it worth while to bring their theories to 
the telt of experiment. Mr. Robins informs us, in 
the preface to his New Principles of Gunnery, that he 
had met with no more than four authors who had tyeat- 
ed experimentally on this fubje&t. The firft of thefe is 
Collado, in 1642, who has given the ranges of a-fal-. 
conet, carrying a three-pound fhot, to every point of 
the gunner’s quadrant, each point being the 12th party, 
or 7° and a half. But from his numbers it is manifeft 
that the piece was not charged with its ufual allotment 
of powder. The refult of his trials thews the ranges at 
bed point-blanc, and the feveral points of elevation, as 

low. 


Collado’s E. periments. 


Elevation at Range in 

Points. Deg. paces, 
° or ° - - 268 : 
I + 18 * = 594 % 
2 Pe tol = . 794 
3 7 7 22R - 954 
- Co) - = 1010 
5 - -37R + - 1040 
G ~ 45 * te 1053 
7 > 525 between the 3d and 4th. 
8 - 60 * between the zd and 3d 
9 - OTE between the 1ft and 2d° 
10 - 75 between the o and 1f 


IL 825 fell very near the piece. 

The next was by Wm. Bourne, in 1643, in his Art of” 
Shooting in Great Ordnance. His elevations were not re- 
gulated by the points of the Gunner’s quadrant, but by 
degrees ; and he gives the proportions between the, 
ranges at different elevations and the extent of the point-., 
blanc fhot, thus: if the extent of the point-blanc thot: 
be reprefented by 1, then the proportions of the ranges: 
at feveral elevations will be as. btlow, viz. , 


Bourne’s Proportion of Ranges. 


Bievation. Range, 
o? - L 
5 - 25 
19 - 35 
i 
15 = 43 
; 20 


: 4 
and the greateft random 53 5- : " 
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which greateft random, he fays, in a calm day fs at 42° 
elevation ; but according to the ftrength of the wind, 
and as it favours or oppofes the flight of the thot, the 
elevation may be fromy4s5° to 36°.—He does not fay 
with what piece he made his trials ; though from his 
proportions it feems to have been a fmalf one. This 
however ought to fave been mentioned, as the relation 
between the extent of different ranges varies extremely 
* according to the velocity and denfity of the bullet. 
After him, Eldred and Anderfon, both Englithmen, 
* alfo publihed treatifes on this fubje&t. The former of 
thefe was many years gunner of Dover Caitle, where 
moft of his experiments were made, the earlielt of 
which are dated in 1611, though his book was not 
publifhed till 1646, and was intitled The Gunner's 
Glafs. His principles were fufficiently fimple, and 
within certain limits very near the truth, though they 
were not rigoroufly fo. He has given the a@tual 
ranges of different pieces of artillery at {mall eleva- 
tions, all under ro degrees. His experiments are nu- 
merous, and appear to be made with great care and 
caution ; and he has honeftly fet down_fome, which 
were not reconcilable to his method: upon the whole 
he feems to have taken more pains, and to have had a 
jufter knowledge of his bufinefs, than is to be found in 
moft of his practical brethren. 

Galileo printed his Dialogues on Motion in the year 
1646. -In thefe he pointed out the general laws ob- 
ferved by nature in the production and compofition of 
motion, and was the firft who deferibed the aétion and 
effeéts of gravity on falling bodies: on thefe principles 
he determined, that the flight of a cannon-fhot, or of 
any other projectile, would be in the curve of a para- 
bola, renleh, fo far as it fhould be diverted from that 
tiack by the refiftance of the air. He alfo propofed 
the means of examining the inequalities which arife 
from thence, and of dicoveita what fenfible effe&s 
‘that refiftance would proguce in the motion of a bullet 
at fome given diftance from the piece. 

Notwithftanding thefe determinations and hints of 
Galileo, it feems that thofe who came after him never 
imagined that it was neceflary to confider how far the 
operations of Gunnery were affeGed by this refiftance. 
Tnftead of this, they boldly afferted, without making 
the experiment, that no great vartation could arife 
from the refiftance of the air in the flight of thells or 
cangon fhot. In this perfuafion they fupported thein- 

es chicfly by confidering the extreme rarity of the 
air, compared with thofe denfe and ponderous badies ; 
and at laf it became an almoft generally eftablithed 
maxim, that the flight of thefe bodies was nearly in the 
curve of a parabola. 5 

Thus, Robert Anderfon, in his Genuine Ufe and 
Lifedis of the Gunne, publifhed in 1674, and again in his 
‘book, To hit a Mark, in 1690, relates a great many 
experiments; but proceeding on the principles of Gali- 
Jeo, he ftrenuoufly afferts that the flight of all bullets is 
in the curve of a parabola; undertaking to anfwer all 
objections that could be brought to the contrary. The 
Jame thing was alfo undertaken by Blondel, in his 4r# 
de jeiter les Bombes, publifhed in 1683; where, after 
long difcuffion, he concludes, that the variations from 
the air’s refiftance are fo flight as not to deferve any no- 


tice. The fame fubje& is treated of in the Philof. 
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Tranf. Ne 216, p. 68, by Dr. Halley; who alfo, 
fwayed by the very great difproportion between the 
‘denhty of the air and that of iron or lead, thonght it 
reafonable to believe that the oppofition of the air to 
large’ metal-hot is fearcely difcernible; although in 
pat and light fhot he owns that it muft be accounted 
‘Or. 

But though this hypothefis went on {moothly in fpe- 
culation ; yet Anderfon, who made a great number of 


. trial, fouitd it impaffhle ta fonnart it withont {ome 
a 


new modification. For though it does not ‘appear’ 
he ever examined the comparative ranges of either can- 
non or mufket fhot when fired with their ufual veloci- 
ties, yet his experiments on the ranges of fhells thrown 
with velocities that were but fmall, in comparifor’ of 
thofe above mentioned, convinced him that their whole 
track was not parabolical. But inftead of making the 
proper inferenees from hence, and concluding that the 
refiftance of the air was of confiderable efficacy, he 
framed a new hypothelis ; which was, that the hell or 
bullet at its firft difcharge flew to a certain diftance in 
a right line, from the end of which line only it began 
to defcribe a parabola: and this right line, which he 
calls the line of the impulfe of the fire, he fuppofes is 
the fame for all elevations. So that, by afligning a 
proper length to this line of impulfe, it was always in 
his power to reconcile any two {hots made at any two 
different angles; though the fame method could not 
fucceed with three fhots; nor indeed does he ever in+ 
form us of the event of his experiments when three 
ranges were tried at one time. 

ut after the publication of Newton’s Principia, it 
might have been expected, that the defects of the theory 
would be afcribed to their true caufe, which isthe great 
refiftance of the air to fuch fwift motions; as in that work 
he particularly confidered the fubjec of fuch motions, 
and related the refult of experiments, made on flow mo- 
tions at leaft; by which it appeared, that in fuch mo- 
tions the refiftance increafes as the fquare of the veloci- 
ties, and he even hints a fufpicion that it will increafe 
above that law in {wifter motions, as is now known to 
be the cafe. So far however were thofe who treated 
this fubje@ {cientifically, feom making a proper allow- 
ance for the refiltance of the atmofphere, that they {till 
neglected it, or rather oppofed it, and their theories 
fill differed moft egregioufly from the truth. Huy- 
gens alone {eems to have attended to this principle: for 
in the year 1690 he publithed a treatife on gravity, in 
which he gave an account of fome experiments tending 
to prove that the track of all projectiles, moving with 
very fwift motions, was widely different from that of a 
parabola. The reft of the learned generally acquiefced 
in the juftnefs and fufficiency of Galileo’s doétfine, and 


‘accordingly very erroncous calculations concerning the 


ranges of cannon were given. Nor was any farther 


‘notice taken of thefe errors till the year 1716, at 


which time Mr. Reffons; a French officer of ‘artillery, 
of great merit and experience, gave in a memoir to the 
Royal Academy, importing that, “ although it was 
agreed that theory joined with praétice dic conttitute 
the perfeétion of every art; yet experience had taught 
him that theory was of very little feryice in the ufe of 
mortars: That the works of M. Blondel had juitly 
enough defexibed the feveral parabolic lines, according 
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‘to the different degrees of the elevation of’ the piece ; 
but that praétice had convinced him there was no 
. theory in the effe@ of gunpowder ; for having endea- 
voured, with the greateft precifion, to point a.mor- 
tar according to thefe calculations, he had never beea 
able to eltablifh any folid foundation upon them.” 
One inftance only occurs in which D. Bernoulli ap- 
plies the dotrine of Newton to the motions of pro- 
Jectiles, in the Cony Acad. Pctrop. tom. 2, pa. 338 


&c, Befides which nothing farther was_done in this. 
¥ T Kobins, whd 


publifhed a treatife in 1742, intitled Mec Principles of 
Gunnery, in which he treated particularly, not only of 
the refiftance. of the atmofphere, but alfo of the force 
of gunpowder, the nature and effeéts of different guns, 
and almoft every thing elfe relating to the flight of mi- 
litary projeétiles ; and indeed he carried the theory of 
gunnery nearly to its utmoft perfection. = 

The firft thing confidered by Mr. Robins, and which” 
is indeed the foundation of all other particulars relating 
to Gunnery, is the explofive force of gunpowder. M. De 
Ta Hire, in the Hift. of the Acad. of Sciences for the year 
1702, fuppofed that this force may be owing to the 
increafed elafticity of the air contained in, and between 
the grains, in confequence of the heat and fire pro- 

‘ duced at the time of the explofion: a caufe not ade- 
quate to the zooth part of the effe&. On the other 
hand, Mr. Robins determined, by irrefragable experi- 
ments, that this force was owing to an elattic fluid, 
fimilar to dur atmofphere, exiQing in the powder in an * 
extremely condenfed ftate, which being fuddenly freed 
from the powder by the combuttion, expanded with an 

“amazing force, and violently impelled the bullet, or 
whatever may oppofe its expantion. 

The intenfity of this force of exploded gunpowder. 
Mr. Robins afcertained in different ways, after the ex- 
ample of Mr. Hawkfbee, related in the Philof. Tranf. 
Ne 295, and his Phytico-Mechan, Exper.-pa. 81. One 
of thefe is by firing the powder in the air thus: A 
{mall quantity of the powder is placed in the upper part 
of a glafs tube, and the lower part of thie tube is im- 
meryed in water, the water being made to rife fo near 

, the top, that only a fmall portion of air is left in that 
part where the powder is placed; then in this fituation 
the communication between the ppper part of the tube 
and the external air being clofed, the powder is fired . 
by means of a burning glafs, or otherwife; the water 

« defcends upon the cxplofion, and ftands lower in the 
tube than before, by a fpace proportioned to the quan. 
tity of powder fired. 

Another way was by firing the powder in vacuo, viz, 





in an exhaulted receiver, by dropping the grains of. - 


powder upon a hot iron included in the receiver. By 
this means a permanent elaftic fluid was generated from - 
the fired gunpowder, and the quantity of it was always 
in proportion to the quantity of powder that was ufed, 
as was found by the proportional finking of the mercu- 
rial gage annexed to the air pump. The refult of thefe 
-experiments was, that the weight of the elaftic air thus 
“generated, was equal to ,4, of the compound mafs of 
the gunpowder which yielded it; and that its bulk, 
.when cold and expanded to the rarity of common at- 
mofpheric air, was about 240 timcs the bulk of the 
powder; and confequently in. the fame proportion 


4 
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would fuch fluid at firft, if it were cold, exceed the 
force or claflicity of the atmofphere. But as Mr. 
Robins found, by another ingenious experiment, that 
air heated to the extreme degree of the white heat of 
iron, has its clafticity quadrupled, or is 4 times as 
itrong ; he thence inferred that the force of the elaltic 
air generated as above, at the moment of the explofion, 
is at leafk 4 times 240, or g60, or in round numbers 
about 1000 times as ftrong as the elatticity or preflure . 

_of the atmofphere, on the fame {pace. Fit 

Having thus determined the force of the gunpowder, , 
or intenfity of the’agent by which the projectile is ta 
be urged, Mr, Robins next preceeds to determine the 
effets it will produce, or the velocity with which it 
will impel a fhot of a given weight from a piece of ord+ 
nance of given dimenfions ; which is a problem ftridtly 
limited, and perfeGly foluble by mathematical rules, 
and is in general this: Given the firft force, and the 
law of its variation, to determine the velocity with 
which it will impel a given body in pafling through a 
given {pace, which is the length of the bore of the gun. 

In the folution of this problem, Mr. Robins affunes 
thefe two poftulates, viz, 1, That the ation of the 
powder on the bullet ceafes as foon as the bullet is out 
of the piece; and 2d, That all the powder of the 


» charge is fired and converted into elaftic fluid before 


the bullet is fenfibly moved from its place : affumptions 
which for good reafons are found to be in many cafes 
very near the truth. It is to be noted alfo, that the 
law by which the force of the elaftic fluid varies, is 
this, viz, that its intenfity is direétly as its denfity, or | 
reciprocally proportional to the fpace it occupies, being 
fo much the ftronger as the fpace is lefs: a principle 
well known, and common to all elaftic fluids, Upon 
thefe principles then Mr. Robins refolves this problem, 
by means of the 39th prop. of Newton’s Principia in a 
dire&t way, and the refult is equivalent to this theorem, 
when the quantities are exprefled by algebraic fymbols; 
viz, the velocity of the ball 


= 271 104 x Io u 
ORATION cd arr 


: 223ad* 6 
or = 100 aT bee. Ss 
where wv is the velocity of the ball, 

a the length of the charge of powder, 

& the whole length of the Lore, 

* ¢ the fpec. grav. of the ball, or wt. of a cubic foot 
a of the fame matter in ounces, 

d the diam. of the bore, 

w the wt. of the ball in ounces. 

For example, Suppofe a = 2$ ine., b= 45 inches, 
€== 11345 oz, for a ball of lead, and d = 3 inches; 








then v = 27130 a X log. es 1674 feet 
per fecond, the velocity of the ball, ~ : 
Or, if the wt..of the bullet be w = £,% 02 = 24 0%. 


Then v= 300 Ps pes cieais) 
: : 29.X 32 
feet, as before. ‘ 

“ Having in this propofition, fays Mr. Robins, 
fhewn how the velocity, which any bullet acquires from 


x log. = 1674. 


the 
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the force of powder, may be computed upon’ the prin- 
ciples of the theory laid down in the preceding propo- 
fitions; we fhall next thew, that the aétual velocities, 
with which bullets of dierent magnitudes are impelled 
from different pieces, with different quantities of pow- 
der, ave really the fame with the velocities affigned by 
thefe computations ; and confequently that this theory 
of the force of powder, here delivered, does unqueftion- 
ably afcertain the true a€tion and modification of this 
¢énormous power. ; . ‘ 
> But in order to compare the velocities communi- 
cated to bullets by the explofion with-the velocities re- 
fulting from the theory by computation; it is necef- 
*fary that the actual velocities with which bullets move, 
fhould be capable of being difcovered; which yet is im- 
poflible to be done by any methods hitherto made pub- 
lic, The only means hitherto praétifed by others for 
that purpofe, have been cither by obfrving the time of 
the flight of the fhot through a given {pace, or by 
meafuring the range of the fhot at a given elevation ; 
and thence computing, on the parabolic hypothefis, 
what velocity would produce this range. “The firft 
method labours under this infurmouatable difficulty, 
that the velocities of thefe bodies are often fo fwift, 
and confequently the time obferved is fo fhort, that an 
imperceptible error in that time may occafion an error 
in the velocity thus found, of 2, 3, 4, 5, or 600 feet in 
. afecond. The other method is fo fallacious, by reafon 
of the refiftance of the air (to which inequality the firft 
¥s alfo liable), that the velocities thus afligned may not 
He perhaps the roth part of the aGtual velocities 
fought.. es ae : 

e To'remedy then thefe inconvenicriced,’ I ‘have in- 
vented a new method of finding the real velocities of 
bullets of all kinds; and this to fuch a degree of ex- 
atnefs (which may be augmented too at pleafure), 
that in a bullet moving with a velocity of 1700 feet in 
1’, the error in the eftimation of it need never amount 
to its sooth part ; and this without any extraordinary 
nicety in the conftruétion of the macliine.”” 

Mr. Robins then gives an account of the machine. 
by which he meafures the velocities of the balls, which 
machine is fimply this, viz, a pendulous blovk of wood 
fafpended freely by a horizontal axis, againft which 
block are to be fired the balls. whofe velocities are to be 
determined, 

" « ‘This inftrument thus fitted, if the weight of the 
pendulum be known, and likewife the refpective diftan- 
ces of its centre of gravity, and of its centre of ofcilla- 
tion, from its incr iulpentions, it will thence be known 
what motion will be communicated to this pendulum 
by the percuffion of a body of a known weight moving 
with a known degree of celerity, and ftriking it'in a 
given point; that is, if the pendulum be fuppofed at 





relt before the percuffion, it will be known what vibra- . 


tion it ought to make in confequence of fuch a deter- 
mined blow; and, on the contrary, if the pendulum, 
being at reft, is ftruck by a body of a known weight, 
and the vibration, which the pendulum makes after the 
Blow, is known, the velocity of the ftriking body may 
from thence be determined. 


« Hence then, if a bullet of a known weight ftrikes © 


the pendulum, and the vibration, which the pendulum 
makes in confequence of the ftroke,, be. afcertained 3. 


° 
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the velocity with which the ball moved, is thence to be.” 
known.” - : 
Mr. Robins then explains his method of computing 
velocities from experiments with this machine; which - 
method is rather troublefome and perplexed, as well as 
the rules of Euler and Aatoni, who followed him in 
this bufinefs, but a much fimpler rule is given in my’ 
Tradts, vol. 1, p. 119, where fuch experiments are ex- 
plained at full length, and this rule is exprefled by, 
either of the two following formulas, - 
prs x pté - 
iz Yor 614 5 Beg X Tn? the 
vélocity ; where » denotes the velocity of the ball when _ 
it firikes the pendulum, p the weight of the pendulum, 
4 the weight of the ball, ¢ the chord of the arc defcribed” 
by the vibration to the radius r, g the dittance below 
the axis of motion to the centre of gravity, o the dif- 
tance to the centre of ofcillation, 7 the diftance to the 
point of impact, and n the number of ofcillations the 
endulum will perform in one minute, when made to 
ofcillate in {mall arcs. The latter of thefe two theorems: 
is much the eafieft, both becaufe it is free of radicals, 
and becaufe the. value of the radical fo, in the formery , 
is to be firft computed from the number n, or number 
of ofcillations the pendulum is obferved to make. 
* With fuch machines Mr. Robins made a great num-" 
ber of experiments, with mufket barrels of different. 
lengths, with balls of various weights, and with diffe. 
rent charges or quantities of powder. He has fet 
down the refults of 61 of thefe experiments, which’ 
nearly agree with the correfponding velocities as com- 
puted by his theory of the force of powder, and which- 
therefore eftablifh that theory on a he foundation. 
From thefe experimcats, as well as from the preceding 
theory, many important conclufions were deduced by 
Mr. Robins; and indeed by means of thefe it is ob- 
vious that every thing may be determined relative both 
to the true theory of projeétiles, and to the practice of 
artillery. For, by firing’ a piece of ordnance, charged: 
in a fimilar manner, again{t fuch a balliftic pendulum. 
from different diflances, the velocity loft by paffing 
through fuch {paces of air will be found; and confe- 
quently the refiftance of the air, the only circumftance 
that was wanting to complete the theory.of Gunnery, 
or military projectiles ; and of this kind I. have fince 
made a great number of experiments with cannon balls,. 
and have thereby obtained the whole feries of refiit- 
ances to fuch a. ball. when moving with every degree of” 
velocity, from o up to 2000 feet per fecond of time. 
Th the ftru@ivre af ‘actillery; they may likewife be of” 
the greateft ufe: For hence may be determined the 
beit Tengths of guns s the proportions of the fhot and 
powder to the feveral lengths ; the thicknefs of a piece, 
fo as it may be‘able to confine, without buriting, any” 
given charge of powder; as allo the effect of wads,. 
chambers, placing of the vent, ramming the powder,, 
&c, For the many other curious circumftances: relat- 
ing to-this {ubjet, and the various other improvements 
in the theory and practice. of Gunnery, made by 
Mr. Robins, confult the firft vol. of his Traéts, colle&t- 
ed and publified by Dr. Wilfon, in the. year 1761, 
where ample information may be found. , 
* Soon after the firft publication of Robins’s ‘New: 
Principles of Gunnery, in 1742, the learned in feveral’ 
Ss aed ° ether ~ 
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‘other nations, treading in his fteps, repeated and farther 
extendgd the fame fubject, fometimes varying andyen- 
larging the machinery ; particularly Euler in Germany, 
D’Antoni in Italy, and Meffrs. D’Arcy and Le Roy 
in France. But moft of thefe, like Mr. Robius, with 
{mall firearms, fuch as mufkets, and fulfils. 

But in the year 1775, in conjunction with feveral 
able officers of the Royal Artillery, and other ingenious 
‘gentlemen, I undertook a:courfe of experiments with 
the balliftic pendulum, in which we ventured to extend 
the machinery to cannon fhot of 1, 2, and 3 pounds 
weight. An account of thefe experiments was pub- 
lifhed in the Philof. Tranf. for 1778, and for which the 
Royat Society honoured me with the prize of the gold 
medal. “ Thefe were the only experiments that I 
know of which had been made with cannon balls for 
this purpofe, although the conclusions to be deduced 
from fuch, are of the greateft importance to thofe parts 
of natural philofophy which are dependent on the cf- 
feéts of fired gunpowder ; nor do I know of any other 
practical method of afcertaining the initial velocities 
within any tolerable degree of the truth, he know- 
ledge of this velocity is of the utmoft confequence in 
Gunnery: by means of it, together with the law of the 
refiftance of the medium, every thing is determinable 
relative to that bufinefs ; for, befides its being an ex- 
cellent method of trying the ftrength of different forts 
of powder, it gives us the law relative to the different 
quantities of powder, to the different weights of fhot, 
and to the different lengths and fizes of guns. Be- 
fides thefe, there does not feem to be any thing want- 
ing to anfwer any inquiry that can be made concerning 
the flight and ranges of fhot, except the effeéts arifing 
from the refiftance of the medium. In thefe experi- 
ments the weights of the pendulums employed were 
from 300 to near 600 pounds. In that paper és de- 
{cribed the method of conftruéting the machinery, of 
finding the centres of gravity and ofcillation of the pen- 
dulum, and of making the experiments, which are all 
fet down in the form of a journal, with all the minute 
and concomitant circumftances ; as alfo the inveftiga- 
tion of the new and eafy rule, fet down juft above, for 
computing the velocity of the ball from the experi- 
ments. ‘Lhe charges of powder were varied from 2 to 
8 ounces, and the fhot from 1 to near 3 pounds. And 
from the whole were clearly deduced thefe principal in- 
ferences, viz, 

«1, Firft, That gunpowder fires almoft inftantaneouf- 
ly.—z. That the velocities communicated to balls or 
fhot, of the fame weight, by different quantities of 
powder, are nearly in the fubduplicate ratio of thofe 
quantities : a fmall variation, in defe&t, taking place 
when the quantities of powder became great.—3. And 
when fhot of different weights are employed, with the 
fame quantity of powder, the velocities communicated 
to them, are nearly in the reciprocal fabduplicate ratio 
‘of their weights.—4. So that, univerfally, fhot which 
are of different weights, and impelled by the firing of 
different quantities of powder, acquire velocities which 
are direétly as the fquare roots of the quantities of 
powder, and jnverfely as the fquare roots of the 
weights of the fhot, nearly.—gs. It would therefore be 
a great improvement in artillery, to make ufe of fhot of 
a long form, or of heavier matter; for thus thé mo- 
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mentum of a fhot, when-fired with the fame weight of 
powder, would be increafed in the ratio of the {quare 

root of the weight of the fhot.—6. It would allo be 

an improvement to diminith the windage; for by fo 

doing, one-third or more of the quantity of powder 

might be faved.—7. When the improvements men- 

tioned in the la‘t two articles are confidered as both 

taking place, it is evident that about half the quantity 

of powder might be faved, which is a very confiderable* 
obje&. But important as this faving may be, it feems 

to be ftill exceeded by that of the article of the guns; 

for thus a fmall gun may be made to have the effect 

and execution of another of two or three times its fize 

in the prefent mode, by difcharging a fhot of two or 

three times the weight of its natural ball or round fhot. 

And thus a fmall fhip might difcharge thot as heavy as 

thofe of the greateft now made ule oF 

“ Finally, as the above experiments exhibit the re- 
gulations with regard to the weights of powder and 
balls, when fired from the fame piece of ordnance, &c 5 
fo by making fimilar experiments with a gun, varied in 
its length, by cutting off from it a certain part before 
each courfe of experiments, the effects and general 
rules for the different lengths of guna may be certainly 
determined by them. In fhort, the principles on which 
thefe experiments were made, are fo fruitful in confe- 
see that, in conjunétion with the effects refultin 
rom the refiftance of the medium, they feem to be ful 
ficient for anfwering all the enquiries of the fpeculative 
plilsteghers as well as thofe of the practical artille- 
rift. : 

In the year 1786 was publithed the firft volume of 
my Traéts, in which is detailed, at great Jength, ane 
other very extenfive courfe of experiments which were 
carried on at Woolwich in the years 1783, 1734, and 
1785, by order of the Duke of Richmond, Mafter Ges 
neral of the Ordnance. The objects of this courfe 
were very numerous, but the principal of them were 
the following : 

“ 1, The velocities with which balls are projeéted 
by equal charges of powder, from pieces of the fame 
weight and calibre, but of different lengths, 

«2, The velocities with different. charges of pow.’ 
der, the weight and length of the gun being the fame. 

«3. The greateft velocity due to the different 
lengths of guns, to be obtained by increafing the charge 
as far as the refiftance of the piece is capable of {uftatn- 
ing. 

“<4. The effet of varying the weight of the piece 5 
every thing elfe being the fame. 

“5, "The penetration of balls into blocks of wood, 

«6. The ranges and times of flight of balls; to 
compare them with their initial velocities for determin- 
ing the refiftance of the medium. 

som. "The effet of wads ; 

of different degrees of ramming ; 

of different degrees of windage ; 

of different pofitions of the vent ; 

of chambers, and trunnions, and every other 
circumttance neceflary to be known for the 
improvement of artillery.” : 

All theie objects were obtained in a very perfect and 
accurate manner ; excepting only the article of ranges, 
which were not quite fo regular and uniform as might 
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be wifhed. The balls too were moft of them of one 
pound weight ; but the powder was increafed from 1 
ounce, up till the bore was quite full; and the pendu- 
lum was from 600 to 80olb. weight. The conclufions 
from the whole were as follow : 

“ 1. That the former law, between the charge and 
velocity of ball, is again confirmed, viz, that the velo- 
City is dire@ly as the {quare root of the weight of 

-powder, as fur as to about the charge of 8 ounces: 
and fo it would continue for all charges, were the guns 
of an indefinite length, But as the length of the 
charye is increafed, and bears a more confiderable pro- 

» portion to the length of the bore, the velocity falls the 
mote {hort of that proportion, 

“2. That the velocity of the ball increafes with the 
charge to a certain point, which is peculiar to each 
gun, where it is greateft ; and that by farther increaf- 
ing the charge, the velocity gradually diminithes, till 
the bore is quite full of powder. ‘That this charge for 
the greateft velocity is greater as the gun is longer, but 
not greater however in fo high a, proportion as the 
length of the gun is, fo that the part of the bore filled 
with powder bears a lefs p'oportion to the whole in the 
Jong guns, than it does in the (hort ones; the part of 
the whole which is filled being indeed nearly in the re- 
ciprocal {ubduplicate ratio of the length of the empty 
part. And the other circumftances are as in this 
table. 


One eres 
Tavis of Charges producing the Greate? Ve- 











locity. 

Rane pene eee 
; Gun | Length of Length | Part of the | Wt. of the 
Num. } the bore, filled. whole. powder, 

; Inches, inches. a 
I 28-2 82 to 12 
2 381 95 vs 14 
3 | 57°4 lor7 vs 16 
4 79°9 12°1 ws 18 






"© 3, It appears that the velocity continually in- 
ereafes as the gun is longer, though the increafe i ve- 
locity is but very fmall in refpect of the increafe in 
length, the velocities being in a ratio fomewhat lefs 
than that of the fquare roots of the length of the bore, 
but fomewhat greater than that of the cube roots of 
the length, and is indeed nearly ia the middle ratio be- 
tween the two. 

“ 4. The range increafes in a much lefs ratio than 
the velocity, and indeed is nearly as the fquare root of 
the velocity, the gua and elevation being the fame, 
And when this is compared with the Property of the 
velocity and length of gun in the foregoing paragraph, 
we perceive that very little is gained in the range by 
a great increafe in the length of the gun, the charge 
being the fame. And indeed the range is nearly as the 
5th root of the length of the bore ; which is fo {mall 
an increafe, as to amount only to about 3th part more 
range for a double length of gun.. 

“ 5 Italfo appears that the, time of the ball’s flight 
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is nearly as the range ; the gun and elevation being the’ 
fame. i 

“ 6. It appears that there is no fenfible difference 
caufed in the velocity or range, by varying the weight 
of the gun, nor by the ufe of wads, nor by different de- 

ces of ramming, nor by firing the charge of powder 
in different parts of it. 

“7. But a great difference in the velocity arifes 
from a fmall degree of windage. Indeed with the 
ufual eftablithed windage only, namely, about »'sth of 
the caliber, no lefs than between 7 and 2 of the powder 
efcapes and is loft. And as the balls are often {maller 
than that fize, it frequently happens that half the 
powder is loft by unneceffary windage, 

“< 8. It appears that the refitting force of wood, to 
balls fired into it, is not conflant. And that the 
depths penetrated by different velocities or charges, 
are nearly as the logarithms of the charges, inftead of 
being as the charges themfelves, or, which is the fame 
thing, as the fquare of the velocity.s 

“9. Thefe, and moft other experiments, fhew that 
balls are greatly defle@ed from the direétion they are 
projected in; and that fo much as 300 or 400 yards in 
a range of a mile, or almoft 2th of the range, which is 
nearly a defleGion of an angle of 15 degrees. : 

“ to. Finally, thefe experiments furnifh ue with the fol- 
lowing concomitant data, to a tolerable degree of accura- 
cy, namely, the dimenfions and elevation of the gun, the 
weight and dimenfions of the powder and thot, with 
the range and time of flight, and the firft velocity of 
the ball. From which it is to be hoped that the 
meafure of the refiftance of the air to projectiles, may 
be determined, and thereby lay the foundation for a 
true and practical fyftem of Gunnery, which may be: 
as well ufeful in fervice as in theory.” 

Since the publication of thofe Tras, we have profes. 
cuted the experiments ftill farther, from year to year,, 

dually extending our aim to more objects, and en- 
rging the guns and machinery, till we have arrived at 
experiments with the 6 potnder puns, and pendulums 
of 1800 pounds weight. One of the new objects of 
enquiry, was the refiftance the atmofphere makes to 
military projectiles; to obtain which, the guns have 
been placed at many different diftances from the pen- 
dulum, againft which they are fired, to gct the velocity 
loft in paffing through thofe fpaces of air; by which, 
and the ufe of the whirlin, machine, defcribed near 
the end of the 1ft vol. oF Robins’s Traéts, for the 
flower motions, I have inveiligated the refiflance of the 
air to given balls moving with all degrees of velocity, 
from o up to 20c0 feet per fecond ; as well as- the ree 
fiftance for many degrees of velocity, to planes and’ 
figures of other Shapes, and inclined to. their path in 
all varieties of angles ; from which I have deduced gee 
neral Jaws and formulas for all fuch motions: 

Mr. Robins made alfo fimilar experiments on the rea 
Giftance of the air; but being only with mufket bullets, 
on account of their fmallnefs, and of their change of 
figure by the explofion of the powder, I find they are 
very inaccurate, and confiderably different from thofe 
above mentioned, which were accurately made with 
pretty confiderable cannon balls, of iran. | For which 
reafon we may omit here the rules and theory deduced; 
from them by Mr.. Robins, till others more correét fhail. 

. have, 
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“baye heen cQablifhed. All thefe experiments indeed - 


apree in evincing the very enormous refiitance the air 
makes to the fwift motions of military projectiles, 
amounting in fome -cafes to 20 or 30 times the weight 
of the bail itfelf ; on which account the common rules 
for projectiles, deduced*from the parabolic theory, are 
of little or no ufe in real practice ; for, from thefe ex» 
periments it is clearly proved, that the track deferibed 
by the flight even of the heavieit fhot, is neither a pa- 
ola, nor yet approaching any thing near it, except 
when they are projected with very fmall velocities 5 in 
Yo much that fome balls, which in the air range only 
to the diftance of one mile, would ia vacuo, when 
~ projected with the fame velocity, range above 10 er 20 
times as far. For the common rules of the parabolie 
theory, fee Proyrcrites. And for a fmall ipecimen 
of my experiments on refiftances, fee the 2d vol. of the 
Edinburgh Philof. Tranf. ; as alfo my Conic Seétions 
and Sele@&t Exercifes, at the end, alfo the articles 
Forcr, and Resistance, in this Dictionary. 





Mr. Benjamin Thompfon inftituted a very confider-’ 


able courfe of experiments of the fame kind as thofe of 
Mr. Robins, with mufket barrels, which was publifhed 
in the Philof. Tranf. vol. 71, for the year 178i.° In 
thefe experiments, the conclufions of Mr. Robins are 
+ enerally confirmed, and feveral other-curious circum- 
itances in this bufinefs are remarked by Mr. Thomp- 
fon. This gentleman alfo purfues a hint thrown out 
. by Mr. Robmns relative to the determining the velocit 
_of a ball from the recoil of the pendulous pun itfele 
Mr. Robins, in prop. 11, remarks that the effect of the 
exploded powder upon the recoil of the gun, is thé 
fame, whether the gun is charged with a ball, or with- 
out one ; and that the chord, or velocity, of recoil with 
the powder alone, being fubtracted from that of the res 
coil when charged with both powder and ball, leaves the 
velocity which is due to the ball alone. From whence 
Mr. Thompfon obferves, that the inference is obvious, 
viz, that the momentum thus communicated to the 
gun by the ball alone, being equal to the momentum 
of the ball, this becomes known ; and therefore being 
divided by the known weight of the ball, the quotient 
will be its velocity: Mr. Thompfon fets a great va 
lue on this new rule, the velocities by means of which, 
he found to agree nearly with feveral of thofe deduced 
from the motion of the pendulum ; and in the other cafes 
_ in which they differed greatly from thefe, he very incon- 
fiftently fuppofes that thefe latter ones are erroneous, 
In the experiments however contained in my Tratts, a 
great multitude of thofe cafes are compared togethers 
and the inaccuracy of that new rule is fully proved. 
Having in the gth prop. compared together a num- 
ber of computed and experimented velocities of balls, to 
verify his theory : inthe roth prop. Mr. Robins affigns 
the changes in the’ force of powder, which arife from 


the different ftate of the atmofphere, as to heat and: 


moifture, both which he finds have fome effect on it, 
but efpecially the latter. In prop. 11 he inveftigates 
the velocity which the flame of gunpowder acquires 
by expanding itfelf, fuppofing it fired in a given piece 
of artillery, without either a bullet or any other body 
* before it. This velocity he finds is upwards of 7000 feet 
per fecond. But the celebrated Euler, in his commen- 


“gary on this part of Mr. Robins’s book, thinks it may be’ 
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fill much greater, And in this prop. too it is that 
Mr. Robins declares his opinion, above alluded to, viz, 
that the effect of the powder upon the recoil of the guit 
is the fame, in all cales, whether fired with a ball, or 
without one.—In prop. 12 he afcertains the manner itt 
which the flame of powder impels a ball which is laid 
at a confiderable diftance from the charge; fhewing 
here that thé fudden accumulation and denfity of the 
fluid againft the ball, is the reafon that the barrel is* 


‘fo often burft in thofe cafes——In prop. 13 he enumne- 


rates the various kinds of powder, and deferibes the: 
a methods of examining its goodnels, He 
ere fhews that the beft proportion of the ingredienta, 
is when the faltpetre is $ of the whole compound mafs 
of the powder, and the fulphur and charcoal the other 
4 between them, in equal quantities. In this propi 
Mr. Robins takes occafion to remark ‘upon the ufe of 
eprouvettes, or methods of trying powder ; condemning 
the praftice of the Englifh in ufing what is called the 
vertical eprouvette; as well as that of the French, in 
ufing a {mall mortar, with a very large ball, anda {malt 
charge of powder: and inftead of thefe, he ftrongly 
recommends the ufe of his balliftic pendulum, for its 
great accuracy: But for ftill more difpatch, he fays 
he fhould ufe another method, which however he re- 
ferves to himfelf, without giving any particular des 
feription of it. From what has been done by Mr. 
Robins upon this head, feveral perfons have introduced 
his method of fufpending the gun as a pendulum, and 
noting the quantity of its ofcillating recoil when fired 
with a certain quantity of powder ; and of this kind I 
have contrived a machine, which poffelfes feveral ad- 
vantages over all others, being extremely fimple, ac- 
curate, and expeditious; fo much fo indeed, that the 
weighing out of the powder is the chicf part of the 
trouble. See Gunrowper, and Eprouvetrs. 
The other or 2d chapter of Mr. Robins’s work, in 
8 Proponents treats “ of the refiftance of the air, 
and of the track deferibed by the flight of fhot and 
fhells.” And of thefe, prop. 1 deferibes the general 
principles of the refiftlance of fluids to folid bodies” 
moving in them, Here Mr. Robins difcriminates be- 
tween continued and compreffed fluids, which imme- 
diately rufh into the fpace quitted by a body moving in 
them, and whofe parts yield to the impulfe of the body 
without condenfing and-accumulating before it ; and 
fuch fluids as are imperfectly compreffed, ruthing into 
a void {pace with a limited velocity, as in the cafe of 
our atmofphere, which condenfes more and more be- 
fore the ball as this moves quicker, and alfo prefles ” 
the lefs behind it, by following it always with only a 
given velocity: hence it happens that the former fluid 
will refit moving bodies in proportion to the fquare 
of the velocity, while the latter refifts in a higher 
proportion.—Propofition 2 is to determine the rez 
fiflance of the air to proje€tiles by experiments’” One 
of the methods for this purpofe, is by the ballifti¢ 
pendulum, placing the gun at different diftances from. 
it, by which he finds the velocity loft in pafling through 
certain fpaccs of air, and confequently the force of res 
fiftance to fuch velocities as the body moves with in the 
feveral ‘parts of its path, And another way was by 
firing balls, with a known given velocity, over a large 
piece of water, in ‘which the fall and plunge of the ball 
; : could 
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sould be feen, and confequently the {pace it paffed ove 
i a given time, “By thefe papers Mr -Robins deter- 
mitied the refiftances of the air to feveral different ve- 
locities, all which fhewed that.there was a gradual 
fncreafe of the refiftance, over the law of the fquare 
of the velocity, as the body moved quicker.—In the 
témaining propotitions of this chapter, he proceeds 
a litle farther in this fubjeét of the refiftance of the 
air; in which he lays down a rule for the proportion 


of the refiftance between two afligned velocities; and 


he ‘thews that when a 24 pound ball, fired with its 
full charge of powder, firft iffues from the piece, the 
refitance tt meets with from the air is more than 20 times 
its weight. He farther fhews that “ the track defcribed 
by the flight of fhot or fhells is neither a parabola, nor 
nearly a parabola, unlefs they are proje€ted with {mall 
velocities ;” and that “ bullets in their flight aré not 
‘only depreffed beneath their original direGtion by the 
action of gtavity, but are alfo frequently driven to the 
right or left of that direftion by the aGtion of fome 
other force: and in the 8th or laft propofition, he 
pretends to thew that the depths of penetration of balls 
into firm fubftances, are as the fquares of the velocities, 
But’ this fs a miftake ; for neither does it appéar that 
his. trials were fufficiently numerous or various, nor 
‘were his {mall leaden balls fit for this purpofe ; and I 
haye found, from a number of trials with iron cannon 
balls, that the” penetrations aré in a much lower pro- 
portion, and that the refifting force of wood is not 
uniform. See my Tracts. 
_ In the following {mall tra€ts, added to the principles, 
in this volume,- Mr. Robins profecutes the fabjett Cy 
the refiftance of the air much farther, and lays down 
rules for computing ranges made in theair. But thefe 
mutt be far from accurate, as they are founded on the 
two following principles, which I know, from nume- 
rons experiments, are erroneous: viz, ft, “ That till 
the velocity of the projeGtile furpaffes that of 1100 feet 
in a fecond, the refiftance may be efteemed to be in 
the duplicate proportion’ of the velocity. 2d, That if 
the velocity be greater than that of tr or 1200 feet in 
a fecond, then the abfolute quantity of that refiftance 
in thefe greater! velocities will be near 3 times as great, 
as it fhould be by a comparifon with the fmaller velo- 
‘cities.’ For, inftead of leaping at once from the law 
of the fquare of the velocities, and ever after bein; 
ahout 3 times as much, my experiments prove that the 
increafe of the refiftance above the law of the fquare of 
the ‘velocity, takes place at firft in the fmalleft mo- 
tions, and increafes gradually more and more, to a cer- 
tain point, but never rifes fo high as to bé 3 times that 
quantity, efter which it decreafes again. To render 
this evident, I have inferted the following’ table of the 
‘agtual quantities of refiftances, which are deduced 
rom accurate experiments, and which fhew alfo the 
nature of the law of the variations, by means of the 
columns of differences annexed ; referving the detail 
of the experiments themfelves ‘to ‘another occation. 
Thefe refikances are, upon a ball of 1°965 inc. dia- 
meter, in avoirdupois ounces, and are for all velocities, 
from o, up ~ that of 2000 feet per fecond of time. 
Vou. i ai 
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the reffflance of the air to a ball of | 


The quantity of f 
: 1°96 5-inc. diameter. 





Veloc. in} Refift. in} if Dif 


2d Dif. 














feet ounces j ferenes ferences 
° fokele'e] 
5 | 07006 
Io | 07025 
15 | oro54 
20 | o*100 
25 | oss 
30 | 0°23 
40} o42 
50 | 067 
100 2} 4 
200 II 8 i¥3 
300 “25 af 6 
400 45 27 7 
500 92 35 8 
600 107 9 
yoo | asx | ##. | 10 
800 | 205 66 12 
geo] 271 19 13 
1000 | 350 ge | 33 ; 
T100 | 442 104 | 1? 
1200 | 546 ng uN 
1300 | 661 iz 9 
1460 | 785 iat 7 
1500 | 916 135 4 
1660 | 1051 i ° 
1700 | 1186 in 2 
1860 | .1319 128 5 
1900 | 1447 | 14 6 
2000.1 1569 : ; ‘ 


The additional traéts of Mr. Robins, in the latter 
art of this volume, which contain many ufeful and 
important matters, are numbered and titled as follows, 
viz, Number 1, “ Of the refiltance of the air. Number 
2, Of the refiftance of the air; together with the me. 
thod of computing the motions of bodies projected in 
that medium. Number 3, An account of thé experi. 
ments, relating to the refiftance of the air, exhibiced at 
different times before the Royal Society, in the year 
1746. Number 4, Of the force of fired gunpowder, 
together with the computation of the velocities there- 
by communicated to military projectiles. Number’s, 
A comparifon. of the experimental ranges of cannon 
and mortars with the theory contained in the preceding 
paperé.—PraGtical Maxims telating to the effects and 
management of artillery, and the flight of hells and 
fhot:—A_ propofal for increafing the ftrength of the 
Britifh navy, by changing all the guns, from the 18 
pounders downwards, mto others of equal weight, but 
of a gteater bore.” With feveral letters, and ‘other 
apers, * On pointing, or the directing of cannon to 
rike diftant obiedhs 3; Of the nature and advantage of- 
tifléd barrel picces,” &c. 
D 
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T have dwelt thus long en Mr. Robins’s New Prin- 
ciples of Gunnery, hecaufe it is the firft work that can 
be contidered as attempting to eftablifh a pradtical fyf 
tem cf gunnery, and projectiles, on good experiments, 
on the force of gunpowder, on the refiflance of the 

_ air, and on the cifects of different etd of artillery. 
‘Thofe cxperiments are however not ‘ufficiently perfect, 
hoth on account of the fmallnefs of the bullets, and 
for want of good ranges, to form a proper theory 
upon. I have fupplied fome of the neceflary defiderata 
for this purpofe, viz, the refiftance of the air to can- 
non balls moving with all degrees of velocity, and the 
velocities communicated by given charges of powder to 
different balls, and from different pieces -of artillery. 
But there are ftill wanting good experiments with dif- 
ferent pieces of ordnance, giving the ranges and times 
of flight, with all varieties of charges, and at all dif. 
ferent angles of elevation. A few however of thofe I 
have obtained, as in the following {mall table, which 
are derived from experiments made with a medium one~ 
pounder gun, the iron ball being nearly 2 inches in 
diameter. 














Veloc. Time 

Powder] ety | of ball | R2¥8° | of dight 
Oz ° feet a” 

sl 2 15 4100 9 
4 15 5100 |. 12 

8 15 6000 | 144 

12 15 6700 | 15 

2 45 860 | 5100! at 


The celebrated Mr. Euler added many excellent dif- 
fertations on the fubjeét of Gunnery, in his tranflation 
of Robins’s Gunnery ‘into the German language ; which 
were again farther tnproved in Brown’s tranflation of 
the fame into Englifhin the year 1777. See alfo An- 
toni’s Examen de la Poudre ; the experiments of MM. 


D’Arcy and Le Roy, in the Memoirs of the Acade- . 


my in 17513 and D’Arcy’s Effai dune theorie @’artil- 
erie in 1760: my Tracts ; and Poa on the force of 
fired. gunpowder in the Philof. Tranf. for 1778: and 
"Thompfon’s paper on the fame fubje& in 1781. Of 
the common or parabolic theory of Gunnery, Mr. 
Simpfon gave a very neat and concife treatife in his 
Sele&t Exercifes. And other authors on this part, are 
Starrat, Gtay, Williams, Glenie, &c. 
GUNPOWDER, a compofition of nitre, fulphur, 
and charcoal, mixed together, and ufually granulated. 
“This eafily takes fire ; and when fired, it rarefies or ex- 
ds with great vehemence, by means of its claftic 
ata: is to this powder that we owe all the effe@& 
and aétion. of guns, and ordnance of all forts. So that 
fortification, with the modern military art, &c, in a 
eat meafure depends upon it. The above definition 
foweve is. not general, for inftead of the nitre, it has 
lately been difcovered that the marie acid anfwers 
much better. 
The invention of Gunpowder is afcribed, by Poly- 
dore Virgil, to a chemift ; who having accidentally put 
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fome of this compofition in a mortar, and coyered # 
with a flone, it happened to take fire, and blew up the 
ftone. Thevet fays that the perfon here fpoken of 
wasa monk of Fribourg, named Conftantine Anelzen ; 
but Belleforet and other authors, with more probabi- 
lity, hold it to be Bartholdus Schwartz, or the black, | 
who difcovered it, as fome fay, about the year 13204 
and the firft ufe of it is afcribed to the Venetians, in 
the year 1380, during the war with the Genoefe. But - 
there are earlier accounts of its ufe, after the accident 
of Schwartz, as well as before it. For Peter Mexia, 
in his Various Readings, mentions that the Moors 
being befieged in 1343, by Alphonfus the ith, king 
of Cattile, difcharged a kind of iron mortars upon them, 
which made a noife like thunder ; and this is feconded 
by what is related by Don Pedro, bifhop of Leon, ia 
his chronicle of king Alphonfus, who reduced Toledo, 
viz, that in a fea-combat between the king of Tunis 
and the Moorifh king of Seville, about that time, thofé 
of Tunis had certain iran tubs or barrels, with whicli 
they threw thunderbolts of fire. 

Du-Cange adds, that there is mention made of gun- 
powder in the regifters of ‘the chambers of accounts in 
France as early as the year 1338. 

But it appears that Roger Bacon knew of Gun- 
powder near 100 years hefore Scliwartz waa born. He 
tells us, in bis *treative De Secretis Operibus Artis 
& Nature, & de Nullitate Magix, cap. 6, (which is 
fuppofed by fome to have been publithed at, Oxford in 
1216, and which was undoubtedly written before his 
Opus Majus, in 1267), “ that from faltpetre, and 
other ingredients, we are‘able to make a fire that fhall 
burn at what diftance we pleafe.”” And Dr. Plott, in 
his Hiftory of Oxfordthire, pa. 236, affures us that 
thefe “ other ingredients were explained in.a MS. copy 
of the fame treatife, in the hands of Dr. G. Langbain, 
and feen by Dr. Wallis, to be fulphur and wood coal.’ 
Farther, in the life of Friar Bacon in Biographia Bri- 
tannica, vol. 1, weare told that Bacon himfelf has di- 
vulged the fecret of this compofition ina cypher, by: 
tranfpofing the letters of the two words di ohag! xi. 
of the faid treatife; where it is thue expreffed: fed 
tamen falis petre Luka more can varg (i. €. carbonum 
pulvere) et fulphuris 3 et fic facies tonitrum & corrufean 
tionem, fi feias artificium: and from hence the bio- 
grapher apprehends the words carbonum pulwere were 
transferred to the 6th chapter of Langbain’s MS. In 
this fame chapter Bacon exprefsly fays that founds like 
thunder, and corrufcations, may be Ermed in the air, 
much more horrible than thofe that happen naturally, 
And farther adds, that ‘there are many ways of doing 
this, by which a city or an army might he deftroyed: 
and he fuppofes that by an artifice of this kind Gideon 
defeated the Midianites with only 300 men: Judges, 
chap. 7. There is alfo another paffage to the fame 
purpofe, in. the treatife De Scientia Experimentali. 
See Dr. Jebb’s edition of the Opus Majus, p. 474. 

Mr. Robins, in the preface to his Gunnery, appre- 
hends that Bacon deferibes Gunpowder not as a new 
compofition firft propofed by himfelf, but as the appli- 
cation of an old one to military purpofes, and that it 
was known long before his time. : 

But Mr. Dutens carries the antiquity of Gunpow-.- 
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@er fill much higher, and refers to the writings of the 
ancients themfelves for the proof of it. ‘ Virgil, fays 
he, and his Commentator Servius (/Eneid, lib. 6, 
v. 585), Hyginus (Fabul. 61 and 650), Euftathius 
(ad Odyff, 2 234, pa. 1682, lib. 1), La Cerda (in 
Virgil. loc. cit.), Valerius Flaccus ye i, 662), and 
many other authors (as Raphael Volatarran. in Com- 
mentar. Cornelius Agrippa pofter. Oper. de Verbo Dei, 
“ €.' 100, p. 237.---Gruteri Fax Artium Liberal tom. 2, p. 
1236), {peak in‘fuch a manner of Salmoneus’s attempts 
to imitate thunder, as fuggeft to us that this prince 
ufed for that purpofe a compofition of the nature of 
gunpowder. Luftathius in particular fpeake of him on 
this occafion, as being fo very expert in mechanics, 
that he formed machines, which imitated the noife of 
thunder ; and the writers of fable, whofe furprife in 
this refpe& may be compared to that of the Mexicans 
when they firft beheld the fire-urms of the Spaniards, 
give’out that Jupiter, incenfed at the audacity of this 
ee flew him with lightning, as he was employing 

imfelfin launching his thunder. But it is much more 
natural to fuppofe that this unfortunate prince, the 
inventor of Gunpowder, gave rife to thefe fables, by 
having accidentally fallen a viétim to his own experi- 
ments. Dion (Hitt. Rom. in Caligula, p. 662) and 
Joannes Aftiochenus (in Chronico, &c. a Valefio edita, 
Paris 1644, p. 804), report the very famé thing of Ca- 
ligula, affuring us that this emperor imitated thunder 
uhd lightning by means of certain machines, which at 
the fame time emitted ftories. Themiftius informs ts 
that the Brachmans encountered one another with 
thunder and lightning, which they had the art of 
launching from on high at a confiderable diftance ; 
(Themift. Oratio 27, p. 337). And in another place 
hé relates, that Hercules and Bacchus, attempting to 


affail them in a fort where they were entrenched, were , 


fo roughly received by reiterated ftrokes of thunder 
and lightning; launched upon them from on high by 
the befieged, that they were obliged to retire, leavin, 

“behind them an everlafting monument of the rafhnefs 
of their entetprife. Agathias the hiftorian reports of 
Anthemius Tralienfis, that having “fellen owt with his 
neighbour Zeno the rhetorician, he fet fire to his 
houfe with thunder and lightning. It appears from 
ali thefe paffages, that the effeéts afcribed to thefe en- 
Qines of war, efpecially thofe of Caligula, Anthemius; 
and the Indians, could be only brought about by Gun- 
powder. And what is ftill more, we find in Julius 
Africanus a receipt for an ingenious compofition to be 
thrown upon an encmy, which very nearly refembles 
that powder. But what places this beyond all doubt, 
is a clear and pofitive paflage of an author called Mar- 
cus Grecus, whofe work in manufcript is in the royal 
library at Paris, intitled Liber Ignium. Dr, Mead 
had the fame alfo in manufcript, and a copy of that is 
now in my hands. (See above). The author de- 
{fcribes feveral ways of encountering an enemy, by 
launching fire upon him; and among others gives the 
following. Mix together one pound of live fulphur, 
two of charcoal of willow, and 6 of faltpetre; reducing 
them to a very fine powder in a marble mortar. He 
adds, that a certain quantity of this is to be put into 
a long, narrow, and well compacted cover, and fo dif- 
charged into the air. Here we have the defcription 
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of arocket. The cover with which thunder is imi-* 
tated, he reprefents as fhort,. thick, but half-filled,-and 
ftrongly bound with packthread 4 which is exaétly the 
form of a cracker. He then treats of different methods 
of preparing the match, and how one fquib may fet 
fire to another in the air, by having it inclofed within 
it. In fhort, he {peaks as clearly of the compofition 
and effects of Gunpowder, as any perfon.in our times 
could do. I own I have not yet been able precifely to 
determine when this author lived, but probably it was 
before the time of the Arabian phyfician Mefue, who 
{peaks of him, and who flourifhed in the beginning 
of the oth century. Nay, there is reafon to believe 
that he is the fame of whom Galen {peaks ; ‘in which 
cafe he will be of antiquity fufficient to fupport what 
I advance.” It appears too, from many authors, and 
many circumftances, that this compofition has been 
known to the Chinefe and Indians for thoufands of years, 
See what is fatd on this head under the article Gun. 

To this hiftory of Gunpowder it may be added, that 
it has lately been difcovered that faltpetre or nitre is 
noteffential to this compofition, but that its place may be 
fupplied by other fubftances; for new Gunpowder, of 
double the ftrength of the old, has lately been’ made 
in France, by the chemifts in that country, without any 
nitre at all; and in the year 1790 I tried fome of this 
new pewder, that was made at Woolwich, with my 
eprouvette, when I found it about double the ftrength 
of the ordinary fort. This is effeéted by fubftituting, 
inftead of the nitre, the like quantity of the marine acid. 
_ But perbaps this new compofition may not come 
into common and general ufe; both becaufp of the 
great expence in procuring or making the acid, 
and of the trouble and dariger of preventing it from 
taking fire by the heat of making it ; for it is found to 
catch fire and explode from a very {mall degree of heat, 
and without the aid ofa {park. - 

As tothe Preparation of Gunrowner; there are di- 
vers compofitions of it, with refpe€t to the proportions 
of the three ingredients, to be i with in pvrotechni- 
cal. writings; but the efs of making it up is much 
the paleey Os 7 Remit 

For fome time after the invention of artillery, Gun- 
powder was of a much weaker compofition than that — 
bow in ufe, os that defcribed by Marcus Grecus; 
which was chiefly owing to the weaknefs of their firft 
pieces. See Gun and Cannon. “Of 23 different com- 
pofitions, ufed at different times, and mentioned by 
Tartaglia in bis Quef, and Inv. lib. 3, quef. 5, the firlt, 
which was the oldeit, contained equal parts of the three 
ingredients, But when guas of modern ftrudture were 
introduced, Gunpowder of the fame compofition as the 
prefent came alfo into ufe. In the time of Tartaglia 
the cannon powder was made of 4 parts of nitre, one 

_of fulphur, and one of charcoal ; and the mufket pow- 
der of 48 parts of nitre, 7 parts of fulphur, and 8 parts 
of charcoal ; or of 18 parts of nitre, 2 parts of Sulphur, 
and 3 parts of charcoal. But the modern compolition 
is 6 parts of nitre, to ane of each of the other two in- 

ents. Though Mr. Napier fays, he finds the 
itrength commonly to be greatefl when.the proportions 
are, nitre 3lb, charcoal about goz, and fulphur about 
3oz. See his paper on Gunpowde: in the Tranfac- 
tions of the Royal Irifh Academy, vol. 2, The can- 
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non powder was in meal, end the mufket powder grain- 
ed. And it is certain that the graining of powder, 
which isa very conliderable advantage, is‘a modern ime 
provement. See the preface to Robias’s Math. Tra&s, 
a 326 
ao make Gunpowder duly, regard is to be had to the 
.purity or goodnels of the ingredients, as well as the 
proportions of them ; for the ftrength of the powder 
depends much on that circumftance, and alfo on the due 
working or mixing of them together, ; 

To ‘purify the nitre, by taking away the fixt or com- 
mon falt, and earthy part: Dhiffolve it in a quantity 
of hot water over the fire; then filtrate it through a 
flannel bag, into an open veffel, and fet it afide to cool, 
and to cryitallize. Thefe cryflals may in like manner 
be diffolved and cryflallized again ; and fo on, till they 
becunie quite pure and white. Then put the cryflals 
into a dry kettle over a modcrate fire, which gradually 
increafe till it begins to {moke, evaporate, lofe its hu- 
midity, and grow very white : it muft be kept con- 
tinually ttirring with a ladle, lett it fhould return to its 
former figure, by which its greafinefs would be taken 
away: after that, fo much water is to be poured into 
the kettle as will cover the nitre; and when it is dif- 
folved, and reduced to the confiftency of a thick liquor, 
it moft be continually firred with a ladle till all the 
moifture is again evaporated, and it be reduced to a dry 
and white meal, . 

The like regard is to be had to the fulphur ; choofing 
that which isin large lumps, clear and perfe@ly yellow; 
not very hard, nor compaét, but porous; nor yet too 
much fhining ; and if, when fet on fre, it freely burns 
all away, it is a fign of its goodnefs: fo likewile, if it 
be preffed between two iron plates that are hot enough 
to make it run, and in the running appear yellow, and 
that which remains of a reddifh colour, it is then fit 
for the purpofe. But in cafe it be foul, it may be pu- 
rified in this manner: melt the fulphur in a large iron 
ladle, or pot, over a very gentle coal fire, well kindled, 
but not flaming ; then fcum off all that rifes ‘on the top, 
and fwims upon the fulphur; take it prefently after from 
the fire, and ftrain it through a double linen cloth, let- 
ting it pafs leifurely ; fo will it be pure, the grofs matter 
remaining behind in the cloth. 

For the chargoal, the third ‘ingredient, fuch fhould 
be chofen .as is large, clear, and free from knots, well 

_ burnt, and cleaving. The charcoal of light woods is 
moftly: preferred, as of willow, and that 0: the branches 
or twigs of a moderate thicknefs, as of an inch or two 
in diameter. Dogwood is now much efteemed fer 
this purpofe. And a method of charring the wood in 
a large iron cylinder has lately been recommended, and 
indeed proved, as yielding better charcoal than for- 
merly. 

The charcoal not only concurs with the fulphur in 
fupplying the inflammable matter, which caufes the de~ 
tonation of the nitre, but alfo greatly adds to the ex 
plofive power of it by the quantity of elaftic vapour ex- 
pelled during its combuftion. 

Thefe three ingredients, in their pureft ftate, being 
procured, long experience has fhewn that they ate then 
to be mixed together in the proportion before men- 
tioned, to have the belt effeét, viz, three-quarters of the 
compofition to be nitre, and the other quarter made up 
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of equal parts of the other two ingredients; or, whick 


_is the fame thing, 6 parts nitre, 1 part fulphur, and « 


part charcoal. 

But it is not the due proportion’ of the materials 
only, which is neceflary to the making of good powder; 
another circumitance, not lefs cffential, is the mixing 
them well together: if this be not effeétually done, 
fome parts of the compofition will have too much nitre 
in them, and others too little ; and in either cafe there. 
will be a defe of Arength in the powder, Robins, pas 
119. : 

After the materials have been reduced to fine duft, 
they are mixed together, and moiftened with water, or 
vinegar, or urine, or Spirit of wine, &c, and then beaten 
together with wocden peftles for 24 hours, either by 
hand, or by mills, and afterwards preffed into a hard, 
firm, and folid cake, When dry,.it is grained or 
corned ; which is done by breaking the cake of powder 
into {niall pieces, and fo running it through a fieve; by 
which means the.grains may have any fize given them, 
according to the nature of the fieve employed, either 
finer or coarfer; and thus alfo the duft is feparated from 
the grains, and again mixed with other manufacturing 
powder, or worked up into cakes again. : 

Powder is {moothed, or glazcd, as it is called, for 
{mall arms, by the following operation : a hollow cyMa- 
der or cafk if mounted on an axis, turned by a wheel; 
this cafk-is half filled with powder, and turned for 6 
hours; and thus by the mutual friction of the grains 
of powder it is fmoothed, or glazed. The fine mealy 
part, thus feparated or worn off from the reft, is again 
granulated, 

The Nature, Effeas, Fc, of Powder.—When the 
powder is prepared as above, if the leaft {park be ftruck 
upon it froma iteel and flint, the whole will rea 
inflame, and burft out with extreme violence.—-The et- 
fe is not hard to account for: the charcoal part of the 

rain upon which the {park falls, catching fire like tin- 

jer, the fulphur and nitre are readily melted, and the 
former alfo breaks into flame ; the contiguous grains at 
the fame time undergoing the fame fate. 

Sir [faac Newton reafons thus upon the point: The 
charcoal and fulphur in Gunpowder eafily:take fire, and 
kindle the.nitre s and the fpirit of the nitre, being there- 
by rarefied into vapour, rafhes out with an explofion 
much after the manner that the vapour of water rufhes 
out of an colipile; the fulphur alfo, being volatile, ix 
converted into vapour, and augments the explofion: 
add, that theacid vapour of the fulphur, namely that 
which diftils under a bell into oil of fulphur, entering 
violently into the fixt body of the nitre, lets loofe the 
fpirit of the nitre, and excites a greater fermentation, 
by which the heat is farther augmented, and the fixt 
body of the nitre is alfo rarefied into fume; and the 
explofion is thereby made more vehement and quick. 

For if falt of tartar be mixed with Gunpowder, and 
that mixture be warmed till it takes fire, the explofion 
will be far more violent and quick than that of Gun- 
powder alone; which cannot proceed ‘from any other 
caufe, than the ation of the vapour of the Gunpow- 
der upon the falt of tartar, by which that falt is rare- 
fied. . 

The explofion of Gunpowder therefore arifes from 
the violent action, by which all the mixture being quickly 
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ad vehemently. heated, is rarefied and converted into 
fume and vapour; which vapour, by the violence of 
that a€tion becoming fo hot as to Shine, appears in the 
form of a flame. 7 a 

M. De Ja Hire, in the Hiftory of the French Aca- 
demy for 1702, afcribes all the force and effe€t of 
Gunpowder to the {pring or elaticity of the air in- 
clofed in the feveral grains of it, and in the intervals 
or {paces betivecn the grains: the powder being kindled, 
fets the {prings of f9 many little parcels of air a-play- 
ing, and dilates them all at once, whence the effect ; 
the powder itfelf only ferving to light a fire which 
may put the air in ation; after which the whole is 
done by the air alone. 

But it appears from the experiments and obfervations 
of Mr. Robins, that if this air be in its natural ftate 
at the time when the powder is fired, the greatelt ad- 
dition its elalticity could acquire from the fame of the 
explofion, would not amount to five times its ufual 
quantity, and thercfore could nor fuffice for the 200th 
part of the effort which is exerted by fired powder. 

To underftand the force of Gunpowder, it muft be 
‘confidered that, whether it be fired in a vacuum or in 
air, it produces by its explofiona permanent elaftic 
fluid. See Philof. Tranf. number 295; alfo Haukf 
bee’s Phyf. Mechan. Exp. p, 81. 


fluid produced by the firing of Gunpowder, is, ceteris 
paribus, directly as its denfity. 

To determine the elafticity and quantity of this elaf- 
tic fluid, produced from the explofion of a given quan- 
tity of Gunpowder, Mr. Robins premifes, that the 
elaiticity of this fluid increafes by heat, and diminithes 
by cold, in the fame manner as that of the air; and 
that the denfity of this fluid,. and confequently its 
weight, is the fame with the weight of an equal bulk 
of air, having the fame elaiticity and the fame tempera- 
ture. From thefe principles, and from the experiments 
by which they are eftablithed. (for a detail of which we 
mutt refer to the book itfelf, fo often cited in thefe ar- 
ticles}, he concludes that the fluid p-oduced by the fir- 
ing of Gunpowder is nearly yy.of the weight of the 
generating powder itfelf; aad that the volame or bulk 
of this air or fluid, when expanded to the rarity of 
common atmofpheric air, is about 244 times the bulk 
of the faid generating powder—Count Saluce, in his 
Mifcel.. Phil. Mathem. Soc. Priv. Taurin. p. 125, 
makes the proportion as 222 to 13 which he fays 
agrees with the computation of Meff, Haukfbee, Amon- 
tons, and Belidor. : 

Hence it appears, that any quantity of powder fired 
in any confined f{pace, which it a wera fills, exerts 
at the inftant of its explofion againit the fides of. the 

_ veffel containing it, and the bodies it impels before it, a 
force at leail 244 times: greater than the clafticity of 
common air, or, which is‘the fame thing, than the 

reffure of the atmofphere ; and this without confider- 
ing the great addition arifing from the violent degree 
of heat with which it is endued at that time; the 
quantity of which augmentation is the next head of 
Mr. Robins’s enquiry. He determines that the elaiti- 
city of the air is augmented in a proportion fomewhat 
greater than that of 4 to 1, when heated to the ex- 
gremeft heat of red hot iron; and fuppofing that the 
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flame of fired Gunpowder is not of a lefs degree of 
heat, increafing the former number a little more than 
4 times, makes nearly 1000; which fhews that the 
elatticity of the flame, at the moment of exploiion, is 
about 4000 times flronger than the elafticity of com- 
mon air, or than the preflure of the atmofphere. But, 
from the height of the barometer, it is known that the 
preffure of the atmofphere upon every fquare inch, is 
on amedium 143 lb ; and therefore 1000 times this, or 
14750lb, is the force or preffure of the fame of Gun- 
powder, at the moment of explofion, upon a fquare - 
inch, which is very nearly equivalent to 6 tons and a 
half. 

This great force however diminifhes as the fluid di- 
lates itfelf, and in that proportion, viz, in proportfon 
to the fpace it occupies, it being only half the ftrength 
when it occupies a double {pace, one third the flrength. 
when triple the {pace, and fo on, 

Mr. Robins farther fuppofes the degree of heat above 
mentioned to be a kind of medium heat; but that ia 
the cafe of large qudntities of powder the heat will be 
higher, and in very fmall quantities lower; and that 
therefore in the former cafe the force will be fomewhat 
more, and in the latter fomewhat lefs, than 1000 times 
the force of the atmofphere. : 

He farther found that the flrength of powder it 
the fame.in all variations in the denfity of the atmo- 
fphere, But that the moifture of the air has a great 
effect upon it; for the fame quantity which in a dry 
feafon would difcharge a bullet with a velocity of 1700 
feet in one fecond, will not in damp weather give it 
a velocity of more than 12 or 1300 feet in a fecond, or 
even lefs, if the powder be bad, and negligently kept. 
Robins’s ‘'raéts, vol. 1, p. 101, &c. Farther, as there 
is a certain quantity of water which, when mixed with 
powder, will prevent its firing at all, it cannot be doubted 
but every degree of moifture mutt abate the violence 
of the explofion ; and hence the effects of damp pow- 
der are not difficult to account for. 

It is to be obferved, that the moiftare imbibed by 

wder does not render it lefs active when dried agaia, 
Indeed, if powder be expofed to very great damps with- 
out any caution, or when common falt abounds in it, as 
often happens through negligence in refining the nitre, 
in fuch cafes the moifture it imbibes may perhaps be 
fofficient to diffolve fome part of the nitre: which is a 
permanent damage that no drying can retrieve. But 
when tolerable care is taken in preferving powder, and 
the nitre it is compofed of has been well purged from 
common falt, it will retain its force fora long time ; 
and it is faid that powder has been known to have been 
preferved for 50 years without any apparent damage 
trom its age. : ‘ : 

The velocity of expanfion of the flame of Gunpow- 
der, when fired in a piece of artillery, without either 
bullet or other body before it, is prodigioufly great, 
viz, 7000 feet per fecond,or upwards, as appears from 
the experiments of Mr, Robins. But Mr. Bernoulli 
and Mr, Euler fufpe& it is ftill much greater. And. 
T fufpe& it may not belefs, at the moment of explofion, 
than 4 times as much. 

It is. this prodigious celevity of expanfion of the 
flame of fired Gunpowder, which is its‘peculiar excel. 
lence, and the. circumftance in which it fo eminently 

furpafles- 
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furpaffes all other inventions, either ancient or modern : 
for as to the momentum of thefe projectiles only, many 
of the warlike machines of the ancients produced this in 
a degree far furpaffing that of our heavieft cannon fhot 
Or fhells; but the ‘great celerity given to thefe bodies 
cannot be in the leaft approached by any other means 
but the flame ef powder. 

To prove Gunpowder. ‘Vhere are feveral ways of 
doing this. 1, By fight: thus, if it be too black, it 
is a fign that it is moift, or elfe that it has too much 
charcoal in it ; fo alfo, if rubbed upon white paper, it 
blackens it more than good powder does: but if it be 
of a kind of azure colour, fomewhat inclining to red, it 
is a fign of good powder. 2, By touching: for if in 

“-erufhing it with the fingers ends, the grains break cafily, 
and turn into duft, without feeling hard, it has too 
much coal in it; or if, in preffing tt under the fingers 
upon'a fmooth hard board, fome grains feel harder than 
the ref, it isa fign the fulphur is not well mixed with 
ithe nitre. Alfo by thrufting the hand into the par- 
cel of powder, and grafping“it, as if to take out a 
handful, you will feel if it is dry and equal grained, by 
its evading the grafp, and running moftly out of the 
thand. 3, Ry burning; and here the method moft 
commonly followed for this purpofe with us, fays Mr. 
Robins, is to fire a {mall heap of it on a clean board, 
and to attend nicely to the flame and {moke it produces, 
and to the marks it leaves behind on the board: but 
‘befides this uncertain method, there are other contriv- 
ances made ufe of, fuch as powder-triers a€ting by a 
‘pring, commonly fold at the fhops, and others again 
that move a preat weight, throwing it ped which 
is avery bad fort ofeprouvette. But thefe machines, 
fays Mr. Robins, though more perfect than the 
‘common powder-triers, are yet liable to great irre- 
gularities; for as they are all moved by the inftanta- 
neous ftroke of the flame, and not by its continued 
preffure, they do not determine the force of the fired 
powder with fufficient certainty and uniformity. Ano- 
ther method ‘is to judge from the range given to a 
large folid ball, thhown Frori a very fhort mortar, charg- 
ed with a {mail quantity of powder; which is alfo an 
uncertain way, both-on account of the great difpropor- 
‘tion between the weight of the ball and powder, and 
the unequal refiftance of the air; not to mention that 
it is too tedious to prove large quantities of powder 
in this way; for, ‘if each barrel of powder was to 
be proved in this manner, the trouble of charging the 
mortar, and bringing back the ball each time, would be 
intolerable, and the delay fo great, that no brvinefs of 
this kind could ever be finifhed; and if a number of 
‘barrels are received on the merit of a few, it is great 
odds, but fome bad ones would be amongft them, which 
may prove a great difappointment in ttme of fervice.” 
‘Thefe exceptions do ‘ noways hold, continues Mr. 
Robins, againft the methed by which 1 have tried the 
comparative ftrength of different kinds of powder, which 
has been by the actual velocity given to a bullet, 
by fuch a quantity of powder as is ufually efteemed 
‘a proper charge for the piece: and as this velocity, 
however great, is eafily difeovered by the motion which 
the pendulum acquires from the ftroke of the bullet, it 
might feem a good amendment to the method ufed 
‘by the French (viz, that of the {mall mortar above 
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mentioned)}:to introduce this trial by the pendulum in- 
ftead of it. But theugh I am fatished, that this would 


“be much more accurate; Jefe laborious, and readier than 


the other, yet, as there is fome little attention and caa- 
tion required in this practice, which might render it 
of lefs difpatch than might be convenient, when a great 
number of barrels were to be feparately tried, 1 thould 
myfelf choofe to pra&tife another method ‘not lefs cer- 
tain, but prodigtoufly more expeditious; fo that I- 
could engage, that the weighing out of a {mall parcef 
of powder from each barrel fhould be the reste part 
of the labour ; and, doubtlefs, three or four hands could, 
by this means, examine = barrels in a morning : be- 
fides, the machines for this purpofe, as they might be 
made of caft iron, would be fo very cheap, that they 
might be multiplied at pleafure.” Robins, page 123. 
It ts not certainly known what might be the particular 
conftru@tion of the eprouvette here hinted at, but it 
was probably a piece of ordnance fufpended like a pen- 
dulum, as he had made feveral experiments with a bar- 
rel inthat manner. Be this however as it may, feve- 
ral perfons, from thofe ideas and experiments of Mr: 
Robins, have made eprouvettes on this principle, which 
feems to be the beft of any; and on this idea alfo I 
have lately made a machine for this purpofe, which has 
feveral peculiar contrivances, and advantages overall 
others, both in the nature of its motion, and the divi- 
fions on its arc, &c. It is a {mall cannon, the bore 
of which is about one inch in diameter, and is ufually 
charged with 2 ounces of powder, and with powder 
only, as a ball és not neceffary, and the flrength of the 
powder is accurately fhewn by the are of the gun’s re- 
coil, The whole machine is fo fimple, ealy, and expe- 
ditious, that, as Mr. Robins obferved above, the weigh- 
ing of the powder ts the chief part of the trouble; 
and fo accurate and uniform, that the fueceffive repe- 
titions or firings with the fame quantity of the fame fort 
of powder, hardly ever yield a difference in the recoil 
of the 100th past of itfelf. 

Yo recover damaged Powder. The method of the 
powder merchants is this; they put part of the powder 
on'a fail-cloth, to which they add an equal weight of 
what i8 really good ; then with a fhovel they mingle it 
well together, dry it in the fun, and barrel it upy keep: 
ing it in a dry and proper place. 

Others again, if it be very bad, reftore it by moiftens 
ing it with vinegar, water, urine, or brandy ; then they 
beat it fine, fift it, and to every pound of powder add 
an ounce, or an ounce and a half, or two ounces (ac- 
cording as it is decayed), of melted nitre; and after. . 
wards thefe ingredients are to be moiftened and well 
mixed, fo that nothing may be difcerned in the compo- 
fition ; which may be known by cutting the mafs, and 
then they granulate it as ufeful. é ; 

Tn cafe the powder be quite fpoiled, the only way ie, 
to extract the faltpetre with water, in the ufual way, by 
boiling, filtrating, evaporating, and .cryftallizing ; and 
then, with frefh fulphur and charcoal, to make it up 
afrefh. 

On the fubje& of Gunpowder, fee alfo Eulet on Ros 
dins’s Gunnery, Antoni Dxamen de la Poudre, Baumé’s 
Chemiftry, and Thompfon’s Experiments in the Philof. 
Tranf. for 1781. . 

GUNTER (Epmunp), an excellent Englith ma 

‘ thematician, 
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| ematician, was born in Hertfordthire in 1581. He 


“was educated at Weftminfter {chool under Dr. Bufby, 


and from thence was ele&ted to Chrift-church College, 
Oxford; in 1599, where he took the degree of mafter 
of arts in 1606, and afterwards entered into holy or- 
dera; and in 1615 he took the degree of bachelor of 
divinity. But being particularly diftinguifled for his 

- mathematical. talents, whea Mr. Williams refigned the 
-profefforthip of aftronomy in Grefham College, Lon- 
don,. Mr. Gunter.was chofen to fucceed him, the 6th 
of March, 1619; where he greatly diftinguifhed him- 
felf by his-le@ures and writings, and where he died in 
1626, at only 45 years of age, to the great lofs of the 
mathematical world, 

Mr. Gunter was the author of many ufeful inventions 
and works, About the year'1606, he merited the ti- 
tle of an inventor, by the new projection of his Sec- 
tor, which he then defcribed in a Latin treatife, not 
printed however till fome time afterwards.—In 1618 he 
had invented a {mall portable quadrant, for the more eafy 
finding the hour and azimuth, and other ufeful purpofes 
in aftronomy.—And in 1620 or 1623, he publithed his 
Canon Triangulorum, or Table of Artificial Sines and 
Tangents, to the radius, 10,000,000 parts, to every 
minute of the quadrant,. being the firft tables of this 


kind publiftied;. together with the firft 1000 of Briggs’s — 


logarithms of common numbers, which were in later 
editions extended to 10,000 numbers.—In1622, he dif- 


covered, by experiment made at Deptford, the variation. 


or changeable declination of the magnetic needle; his 


experiment fhewing that. the declination had changed ; 
by § degrees in'the {pace of 42 years; and the fame: 


was confirmed and eftablifhed by his fucceffor Mr. Gel- 


librand,—He applied the logarithms-of numbers, and of: 


fings.and tangents, to ‘ftraight lines: drawn on..a fcale or 
rule; with which proportions: in common numbers and 
trigonometry were refolved.by the mere application of a 
pair of compafles ; a method founded on this property, 
that. the logarithms of the termsof equal ratios are 
equidifferent. This was called Gunter’s Proportion, and 
Ganter’s Line ; and the inftrament, in the form of a 
two-foot {cale, is now in common ufe for gavigation and 
other purpofes, and is, coi called the Gunter. 
He alfo greatly improved the Se¢tor- and other intru- 
ments for the fame ufes; the defeription of all which he 
publithed in 1624.—He introdused the common mea- 
faring chain, now conftantly ufed in land-furveying, 
which is thence called Gunter’s Chain.—Mr. Gunter 
drew the lines on the dials in Whitehall-garden, and 
wrote the defcription and ufe of them, by the dire@tion 
of prince Charles, in a fmall tra@ ; which he afterwards 
printed at the defire of king James, in 1624.—He was 
the firft who ufed the word co-fine, for the. fine of the 
complement of an arc. fle alfe introduced the ufe 
of Arithmetical Complements. into the logarithmical 
arithmetic, as is witnefled by Briggs, cap. 15; Arith. 
Log, And it has been faid that he firft farted the idea 
of the Logarithmic Curve, which wae fo called, becaufe 
the fegments of its-axis-are the loganthms- of-the.car- 
refponding ordinates. 

His werks have been colleGted; and various editions of 
.them have been publifhed ; the sth is by Mr. William 
Leybourn, in 1673, containicg the Defcription and 
Use of. the Seftor, Crofe-flafl, Bow, Quadrant, and 
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other inftruments; with feveral pieces added ky Samuel - 
Fofter, Henry Bond, atid William Leybourn. : 

Gunrer's Cuan, the chain in common ufe for 
meafuring land, according to true or flatute meafure ; fo 
called from Mr. Gunter its reputed inventor. 

The length of the chain is 66 feet, or 22 yards, or 
4 poss of 52 yards each ; and it is divided: into 100 
links, of 7-92 incheseach. ~ ‘ 

This Chain is the mot convenient of any thing for 
meafuring land, becaufe the conténts thence computed 
are foealily turnedintoacres. The reafon of which 18, 
that an acre of landis juft equal to 10 {quare chains, or 
10 chains in length and 1 in breadth, or equal to 
100000 fquare links.’ Hence, the dimenfions being taken 
in chains, and multiplied together, it gives the content in, 
f{quare chains ; which therefore being divided by 10, or 
a figure cut off for decimals, brings the content: to 
acres; after which the decimals are reduced to roods 
and perches, by multiplying by gand 40. But the bet- 
ter way is to fet the dimenfions down in links as integers, 
confidering each chain as 100 links; then, having 
multiplied the dimenfions together, producing fquare 
links, divide thefe by i00000, that is, cut off five places. 
for decimals, the reft are acres, and the decimals are re- 
duced to roods and perches, as before. 

Ex, Suppofe in meafuring a re€tangular piece df. 
ground, its length be 795 links, 

andits. breadth 480 links, 
63600 
wite 

Ac. 3°81600 


— 1. 
Ro. 3+264 
ate 
Per. 10°5 60 
So'the content is 3 ac. 3 roods 10 perches, 

Guwrer’s Bins, a Logarithmic line, ufually gra- 
duated upon feales, fe€ors, &c ;.and fo called from its 
inventor Mr. Gunter, 

This is otherwife called the Tine. of kines, or Tine of 
numbers, and confitts of the logarithms transferred upon 
a ruler, &c, from the tables; by: means of 2 {cale of 
equal parts, which therefore ferves ta refolve problems 
inftrumentally, inthe fame manner as logarithms do 
arithmetically, For, whereas logarithms: rcfolve pro- 
portions, or ‘perform multiplication and divifion, by 
only addition and fubtraGtion, the fame are performed 
on this line by turning a pair of compaffes over this wa 


‘or-that, or by fliding one flip of wood by the ‘fide of 


another, &c, 

This line has been contrived various ways, for the ad- 
vantage of having it as long as poffible. As, firft, on 
the two feet ruler or feale, by Gunter. Then, in 1627 
the logarithms were drawn by Wingate, on two feparate 
rulers, fliding againft each other, to fave the ufe of 
compaffes in refolving proportions. They-were alfo -in 
1627 applied to-concentric circles by Oughtred. Then 
in a {piral form by Mr. Milburne of Yorkthire, about the 

ear 1650. Alfo,in 1657,’on the prefent common 

iding rule, by-Seth Partridge. 

: Lally, Mr. William Nicholfon has-propofed another 
difpofition of them, on concentric circles, in the Philof, 
Tranf, an.1787, pa. 251. His inrument is equivalent 

‘ te 


@UN 


“to a firdight rule of 28! inches long. It conlifts of 
three concentric circles, engraved and graduated on a 
plate of about 12 inch in diameter. From the centre 
proceed two legs, having right-lined edges in the direc- 
tion of radii ; which are moveable either fingly, or toge- 
ther, To ufe this inftrument ; place the edge of one 
feg at the antecedent of any proportion, and the other 
at the confequent, and fix them_to that angle ; the two 
legs being then moved together, and the antecedent leg 
placed at any other number, the otMer leg gives its con- 
fequent in the like potition or fituation on the Hines, 

The whole length of the line ‘is divided into two 
equal intervals, or radii, of g larger divifions in cach 
radius, which are numbered from 1to 10, the 1 ftand- 

. ing at the beginnjng of the line, becaife the logarithm 
of 1 iso, andthe 1oat the end of each radius; alfo 
each of thefe 9 {paces is fubdivided into ro other parts, 
‘unequal according to the logarithms of numbers; the 
{maller divifions being always 1oths of the larger ; thus, 
if the large divifions be units or ones, the {maller are 

* tenth-parts ; if the larger be-tens, thefmaller are ones 3 

. and if the larger be 100’s, the {maller are 10’s ; &c. 

Ufe of Gunter’s Line. 1. To find the praduét of two 
numbers, Extend the compaffes from 1 to either of the 
numbers, and that extent will reach the fame way from 
the other number tb the produdt. Thus, to multiply 7 
and 5 together ; extend the compafles from 1 to 5, and 
that extent will reach from 7 to 35, which is the pro- 

* du&, : 

2, To divide one number -by another. Extend the 
compaffes from the divifor to 1, and that extent will 
reach the fame way from the dividend to the quotient. 
Thus, to divide 35 by 5 extend the compaffes from 5 
te t, and that extent will reach from 35 to 7, which 
is the quotient, ; 

. To find a 4th Proportional to three given Numbers ; 
as {uppofe to 6, 9, and 10. Extend from 6 to g, and 
that extent will reach from to to 15, which is the 
.4th proportional: fought. And the fame way a 3d 
proportional is found to two given terms, extend- 
mg from the 1 to the 2d, and then from the 2d 
to the 3d. 

4. To find a Mean Proportional between two given 
numbers, as fuppofe between 7 and 28. Extend from 
7z-to 28, and bife& that extent 5 then its half will reach 
from 7 forward, or from 28 backward, to 14, the mean 

roportional between them.—Alfo, to extrac the 
seas root, as of 25, which is only finding a mean 
proportional between 1 and the given fquare 25, bifect 
the diftance between 1 and 25, and the half will reach 
from 1 to 5, the root fought.—In like manner the cu- 
ic or gdroot, or the 4th, sth, or any higher root, is 
found, by taking the extent between 1 and the given 
“power; then take fuch part of it as is denoted by the 
index of the roet, viz, the 3d part for the cube root, the 
rath part for the 4th root, and fo on, and that part will 
seach from 1.to the root fought. 

If the Line on the Scale or Ruler have a flider, this 
isto be ufedinftead of the compaffes. 

, Gunrer’s Quaprant, is a quadrant made of wood, 
brafs, or fome other fubftancé ; being a kind of ftereo- 
graphic prejeétion on the plane of the equino@tial, the 
eye being fuppofed in one of the poles: fo that the tro- 
“pic, ecliptic, and-borizon, form the arches of circles, 
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but the hourciscles other curves, drawn by means of fey 
veral altitudes of the fun, for fome particular latitude 
every day in the years Pe , 

"Phe ufe of this inftrument, is to find the hour of the 
day, the fun’s azjmuth, &c, and other common pro- 
blems of the {phere or globe ; as alfo to take the altitude 
of an objeGtin degrees, See Quaprant. 

- Gunter’s Scare, ufually called by feamen she 
Guater, isa large plain feale, having various lines upon_ 
it, of great ufe in working the cafes or queitions in Na- 
vigation. 2 

This Scale is ufually 2 feet long, und about an inch 
anda half broad, with various lines upoa it, both na- 
tural and logarithmic, relating to trigonometry, navi- 
gation, &c. : 

On the one fide are the natural lines, and on the 
other the artificial or logarithmic ones. The former fide is 
firft divided into inches and tenths, and numbered from 
1 to 24 inches, running the whole length near one edge. 
One half the length of this fide contifts of two plane dia~ 
gonal fcales, for taking off dimenfions to three places of 
figures. On the,other half or foot of this fide, are 
contained various lines relating to trigonometry, in the 
natural numbers, and marked thus, viz, 

Rumb, the rumbs or points of the compafs, 

Chord, the line of chords, 

Sine, the line of fines, - 

Tang. the tangents, 

8.7. the.femitangents, 
and at the other end of this half are 

Leag. leagues, or equal parts, 

Rumb. another line of rambsy 

M. L. miles of longitude, 

bor. anotherline of chords. 

Alfo in the middle of this foot are L. and P. two other 
lines of equal parts. And all thefe lines on this fide of 
the {cale ferve for drawing or laying’down the figures to 
the cafes in trigonometry and navigation. 

On the other fide of the feale are the following artifi- 
cial or logarithmic’ tines, -which ferve for working or rew 
folving thofe cafes; viz, 


S. R. the fine rumbs, 
T.R, the tangent rumbs, 
Numb. line of numbers, 
Sine, Sines, 

V. S. the verfed fines, 
Tang. thétangents, 
Meri, Meridional parts, 
E. P. Equal‘parts. 


The late Mr, John Robertfon, librarian to the Royal 
Society, greatly improved this fcale, both as to fize and 
accuracy, for the ufe of mariners, He extended it to 
30 incheslong, 2 inchesbroad, and half an inch thick 
upon which the feveral lines are very accurately laid 
down by Meffrs. Nairne and Blunt, ingenious inftru- 
ment makers. Mr. Robertfon died before his improved 
Tcales were publifhed ; but the account and defcription 
of them were {upplied and drawn up by his friend Mr, 
William Mountaine, and publifhed ia 1778. 

_ GUTTA, or Drops, in Archite&ture, are ornaments 
in form of little bells or cones, ufed in the Dorie order, 
on the architrave, below the tryglyphs. There are 
ufually fix of them. 

HADLEY’s 
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1 ADLEY's Quadrant, Sextant, &e, an excellent 

inftrument fo called from its inventor John Had- 
tev, Efq. See itsdefeription and ufe under the article 
Quapranr. 

HAIL, or Harustones, an aqueots concretion, 
ufually in form of white or pellucid {pherules, defcend- 
ing out of the atmofphere. 5 

Hailitones affume various fhapes, being fometimes 
round, at other times pytamidal, crenated, angular, 
thin, and flat, and fometimes fiellated, with fix radii like 
the {mall cryftals of fnow. : 

It is very difficult to account for the phenomena of 
hail in a fatisfaGory manner; and there are various 
opinions upon this head. It is ufually conceived that 
‘hail is formed of drops of rain, frozen in their paffage 
through the middle region, Others, as the Cartefiana, 
take it for the fragments ofa frozen cloud, half melted, 
and thus precipitated and congealed again. Signior 
Beccaria fuppofes, that it is formed in the igher regions 
of the air, where the cold is intenfe, and where the 
electric matter is very copious. In thefe circumitances, 
@ great number of particles of water are brought near 
together, where they are frozen, and in their defcent 
they colle& other particles; fo that the denfity of the 
fubitance of the Hailftone grows lefs and lefs from the 
centre ; this being formed firft in the higher regions, 
and the furface being colleéted in the lower, Accord- 
ingly, in mountains, Hailftones as well as drops of 
rain, are very {mall ; and both agree in this circum- 
flance, that the more intenfe is the electricity that forms 
them, the larger they are. 

It is frequently obferved that Hail attends thunder 
and lightning ; and hence Beccaria obferves, that as 
‘motion promotes freezing, fo the rapid motion of the 
-electritied clouds may promote that effe& in the air. 

Natural hiftories furnifh us with a great variety of 
curious inftances of extraordinary fhowers of Hail. 
See the Philof. Tranf, number 203, 229; and Hitt. de 
France, tom. 2, pa. . 

HALF-Moon, in Fortification, is an outwork hav- 
ing only two faces, forming together a faliant angle, 
which is flanked by fome part of the place, and of the 
other baftions, See Demitune and Raven. 

Hatr-Tancenrs, are the tangents of the half 
arcs, See Scare and SEMITANGENTS, 

HALLEY (Dr. Epmunp), a moft eminent En- 
glith mathematician, philofopher and aftronomer, was 
ton in ve parifh of St. Leonard, Shoreditch, near 
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London, O&. 29, 1656. His father, a wealthy citi- 
zen and foap-boiler, refolving to improve the promifing 
difpofition obferved in his fon, put him firft to St. Paul’s 
fchool, where he foun excelled in all parts of claffical 
learning, and made befides a confiderable advance in the 
mathematics ; fo that, as Wood obferves, he had per- 
fedtly learnt the ufe of the celettial globe, and could 
make acomplete dial ; and we are informed by Halley 
himfelf, that he obferved the change of the variation of 
the magnetic needle at London in 1672, one year be- 
fore he left fchool. In 1673 he was fent to Oxford, 
where he chiefly applied himfelf to mathematics and 
aftronomy, in which he was greatly affifted by a curious 
apparatus of inflruments, which his father, willing to 
encourage his fon’s genius, had purchafed for him, At 
19 years of age he began to oblige the world with new 
obfervations and difcoveries (which he continued to 
do to the end of a very long life), by publithing “ A Di- 
re&t and Geometrical method of finding the Aphelia and 
Excentricity of the planets.” Befides various particu- 
lar obfervations, made from time to time upon the ce- 
leftial phenomena; he had, from his firft admiffion into 
college, purfued a general fcheme for afcertaining the 
true places of the fixed flars, and fo to correé the 
errors of Tycho Brahe. His original view in this was, 
to carry on the defign of that firtt reftorer of aftronomy, 
by completing the catalogue of thofe ftars from his own 
obfervations ; but upon farther enquiry, finding this 
province taken up by Hevelius and Flamfteed, he drop- 
ped that purfuit, and formed another ; which was, to 
perfect the whole fcheme of the heavens, by the addition 
of the flars which lie fo near the fouth pole, that they ~ 
could not be obferved by thofe a‘tronomers, as never 
rifing above the horizon either at Dantzick or at Greens 
wich. With this view he left the Univerfity, before 
he had taken any degree, and embarked for the ifland 
of St. Helena in Nov. 1676, when he was only 29 years 
of age, and arrived there after a vovage of three 
months. He immediately fet about his taik with fuch 
diligence, that he completed his catalogue, and, return- 
ing home, landed in England in Nov. 1678, after an 
ablence of two years only. The univerfity of Oxford 
immediately conferred upon him the degree of A. M. 
and the Royal Society of London cleéted‘him one of 
their members. 
In 1679 he was 
to go to Dan’ 
between Heveli 
4k 


pitched upon by the Royal Society 
k, to endeavour to adjufta difpute 
sand Mr, Hooke, conzerning the pre. 
ference 
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ference: 48 to plain and glafs fights in aftrofcopical 

inftruments. He arrivedat Dantzick the 26th of May, 

when he immediately, in conjunétion with Hevelius, fet 

about their aftronomiical obfervations, which they clofely 

continued till the 8th of July, when Halley left Dant- 
zick, and returned to England, 

In the year 1689 he undertook what is called the 
grand tour, accompanied by his friend the celebrated 
Mr. Nelfon, In the way from Calais to Paris, Mr. 
Halley had a fight of a remarkable comet, as it then ap- 
peared a fecond time that year, in its return from the 
fun. Head the November before feen it in its defcent ; 
and he now haltened to complete his obfervations upon 
it, by viewing it from the royal obfervatory of France. 
His defign in this part of his tour was, to fettle a 
friendly correfpondence between the two royal aftrono- 
mers of Greenwich and Paris ; andin the mean time to 
improve himfelf under fo great a matter as Caffini. From 
thence he went to Italy, where he fpent great part of 
the year 16813; but his affairs calling him home, he 
then returned to England. 

Soon after his return, he married the daughter of Mr. 
Tooke, auditor of the exchequer, and took up his re- 
fidence at Iflington, where he fet up his tube and fex- 
tant, and eagerly purfued his favourite fludy: in the 
fociety of this amiable lady he lived happily for five-and- 
fifty years. In 1683 he publifhed his Theory of the Va- 
riation of the Magnetical Compafs ; in which he fuppofes 
the whole globe of the earth to be one great magnet, 
having four magnetical poles or paints of attraction, &c. 
‘The fame year alfo he entered upon a new method of 


finding out the longitude, by an accurate obfervation of © 


the moon’s motion. His purfuits it feems were now a 
little interrupted by the death of his father, who hav- 
ing fuffered greatly by the fire of London, as well as by 
iecond marriage, into which he had imprudently en- 
tered, was found to have wafted his fortunes. Our au- 
thor foon refumed his purfuits however; for in the be- 

inning of 1684 he turned his thoughts to the fubje& of 
Kepler's fefqui-alterate proportion ; when, after fome 
meditation, he concluded from it, that the centripetal 
force muft decreafe in proportion to the {quare of the 
diftance reciprocally. He found himfelf unable to 
make it out in any geometrical way ; and therefore, af- 
ter applying io vain for afliftance to Mr. Hooke and Sir 
Chriftopher Wren, he went to Cambridge to Mr. New- 
ton, who fully fupplied him with what he fo ardently 
fought. But Halley having now found an immenfe 
treafure in Newton, could not reft, till he had prevailed 
with the owner to enrich the public with it ; and to 
this interview the world is in fome meafure indebted for 
the Principia Mathematica Philofophie Naturalis. That 
great work was publithed in 1686 ; and Halley, who 
had the whole care of the impreffion, prefixed to it a 
difcourfe of his own, giving a general account of the 
aftronomical part of the book ; and alfo avery elegant 
copy of verfes in Latin. 

In 1687 he undertook to explain the caufe of a natu- 
ral phenomenon, which had till then baffled the re- 
fearches of the ableft geographers. It is obferved that 
the Mediterranean fea never {wells in the lealt, although 
there is no vifible difcharge of the prodigious quan- 
tity of water that runs into it from nine large ri- 
vers, befides feveral {malk ones, and the conftant fetting 
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in of the current at the mouth of the Streights. His 
folution of this difficulty gave fo much fatisfaction to 
the Society, that he was requefted to profecute thefe en- 
quiries. He did fo ; and having fhewn, by accurate 
experiments, how that valt acceflion of water was ac- 
tually carried off in vapours raifed by the a€tion of the 
fun and wind upon its furface, he proceeded with the 
like fuccefs to point ovt the method ufed by nature to 
return the faid vapours into the fea, “bis circulation. 
he (uppofes to be carried on by the wiads-drivieg thete 
vaponrs to the mountains; where being collected, they 
form f{prings, which uniting become nivulets or brooks, 
and many of thefe again meeting in the valleys, grow 
into large rivers, emptying themlelves at lalt into the 
fea: thus demonftrating, nthe moft beautiful manner, 
the way in which the equilibrium of receipt aud_ex- 
pence is continually preferved in the univerfal ocean, 

He next ranged in the field of {peculative geometry, 
where, obferving fome imperfections in the methods 
before laid down for conftrudting folid problems, or equa- 
tions of the 3d and 4th powers, he furnifhed new rules, 
which were both more eafy and more elegant tan any 
of the former ; together with a new method of finding 
the number of roots of fuch equations, and the limits of 
the fame. 

Mr. Halley next undertook to publifh a more correct 
Ephemeris for the year 1688, there being then great 
want of proper ephemerides of any tolerable exactnefs, 
the common ones being juftly. complained of by Mr, 
Flamfteed.—1In 1691 he publithed exaét tables of the 
conjunétions of Venus and Mercury ; and he afterwards 
fhewed one extraordinary ufe to be made of thofe ta- 
bles, viz, for difcovering the fun’s parallax, and thence 
the true diflance of the earth from the fun.—In 1692, 
our author produced his tables for fhewing the value. of 
annuities on lives, calculated from bills of mortality; 
and his univerfal theorem for finding the foci of optic 

laffes. 
: But it would be endlefs to enumerate all his valuable 
difcoveries now communicated to the Royal Society, 
and publifhed in the Philof. Tranf. of which, for many 
years, his pieces were the chief ornament and fupport. 
‘Their various merit is thrown into one view by the wri- 
ter of his eloge in the Paris Memoirs ; who, having © 
mentioned his Hittory of the T'rade-winds and Mon- 
foons, proceeds in thefe terms : “ This was immediately 
followed by his eftimation of the quantity of vapours 
which the fun raifes from the fea; the circulation of 
vapours; the origin of fountains; queftions on the na- 
ture of light and tranfparent bodies; a determination 
of the degrees of mortality, in order to adjuft the va- 
luation of annuities on lives; and many other works, 
all the feiences relating to aftronomy, geometry, and. 
algebra, optics and dioptrics, baliftics and artillery, {pe~ 
culative and experimental philofophy, natural hiftory,. 
antiquities, philology, and criticifm ; being about 25° 
or 30 differtations, which he produced during the g or 
10 years of his refidence at London ; and all abounding 
with ideas new, fingular, and ufeful.”” 

In 1691, the Savilian profefforfhip of aftronomy at 
Oxford being vacant, he applied for that office, but 
without fuccefs. Whifton, in the Memoirs of his own 
Life, tells us from Dr. Bentley, that Halley “ being 
thought of for fucceffor to the mathematical chair at 

5 Oxford, 
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Oxford, bifhop Stillingfleet was defired-‘to recommend 
him at court ; ‘but hearing that he was a {ceptic and a 
banterer of religion, the bifhop {crupled to be con- 
cerned, tillhis chaplain Bentley fhould talk with him 
about it, which he did. But Halley was fo fincere in 
his infidelity, that he would not fo much as pretend to 
believe the chriftian religion, though he thereby was 
likely to lofea profefforthip ; which he did accordingly, 
sand it. was then given to Dr, Gregory.” 

Halley had publithed his Theory of the Variation of 
the Magnetical Compafs, as has been already obferved, 
in 1683 ; which, though it was well received both at 
home and abroad, he found, upon a review, liable to 
great and infuperable objeGtions. Yet the phenomena 
of the variation of the needle, upon which it is raifed, 
being fo many certain and anayaten facts, he {pared 
no pains to poffefs himfelf of all the obfervations 
relating to it he could poffibly come at. Tothis end 
he procured an apptication to be made to king William, 
who appointed him commander of the Paramour pink, 
with orders to fearch out by obfervations the difcovery 
of the rule of variations, and to lay down thelongitudes 
and latitudes of the Englith fettlements in America.— 
He fet out on this attempt on the 24th of November, 
1698: but having crofled the line, his men grew 
fickly ; and his firlt lieutenant mutinying, he returned 
home in June 1699. Having got the heutenant tried 
and cafhiered, he fet faila fecond time in September 
following, with the fame fhip, and another of lefs bulk, 
af which he had alfo thecommand. He now traverfed 
the valt Atlantic ocean from onehemifphere to the other, 
as far as the ice would permit him to go; and having 
made his obfervations at St. Helena, Brazil, Cape Verde, 
Barbadoes, the Madeiras, the Canaries, the coaft of 
Barbary, and many other latitudes, he arrived in En- 
gland in September 1700; and the next year publifhed 
a general chart, thewing at one view the variation of the 
compafs in all thofe places. 

Captain Halley, as he was now called, had been at 
home little more than half year, when he was fentby the 
king, to obferve the courfe of the tides, with the longi- 
tude and latitude of the principal head-lands in the Bri- 
tih channel; which having executed with his ufual 
expedition and accuracy, he publifhed a large map of 
the channel. 

Soon after, the emperor of Germany refolving to 
make a convenient harbour for fhipping inthe Adriatic, 
captain Halley was fent by queen Anne to view the 
two ports on the coalt of Dalmatia. He embarked on 
the 22d of November 1702 ; paffed over to Holland ; 
and going through Germany to Vienna, he proceeded 
to Iitria: but the Dutch oppofing the defign, it was 
Jaid afide; yet the emperor made him a prefent of a 
rich diamond ring from hia finger, and honoured him 
with a letter of recommendation, written with his own 
hand, to queen Anne, Prefently after his return, he 
was fent again on the fame bufinefs; when palling 
through Hanover, he fupped with the cleGtoral prince, 
who was afterward king George the 1ft, and his filter 
the queen of Pruflia. 
the fame evening prefented to the emperor, who fent 
his chief engineer to attend him to Ittria, where they 
repaired the fortifications of Triefle, and added new 
One - 
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Mr. Halley returned to England in Nov. 103 ; and” 
the fame year he was made profeflor of geometry in the 
univerfity of Oxford, inflead of Drz Wallis then jut 
deceafed, and he was at the fame time honoured by the 
univerfity with the degree of doctor of laws. He wes 
fearcely fettied in Oxford, when he began to tranflute 
into Latin, from the Arabic, dpollonins de Seétione 
Rationis ; and to seftore the two books De Sefione Spa- 
i of the fame author, which are loft, from the account 
given ofthem by Pappas; and he publifhed the whole 
work in 1706, He afterwards bad fhare in preparing for 
the prefs Apollonius’s Conics; and ventured to fupply 
the whole 8th book, the original of which is alfo loft. 
To this work he added Serenus on the Section of the 
Cylinder‘and Cone, printed from the original Greek, 
with a Latin tranflation, and publifhed the whole in 
folio 1710. Befide thefe, the Mifcellanea Curiofa, in 
3 volumes 8vo, had come out under his direétion in 

1708. : 

In 1913, he fucceeded Doctor, afterwards Sir, Hans 
Sloane, in the office of Secretary to the Royal Society. 
And, upon the death of Mr, Flamtteed in 1719, he 
was appointed to fucceed him at Greenwich as Altro- 
nomer Royal ; upon which oceafion, that he might be 
more at leifure to attend the duties of this office, he 
tefigned that of fecretary to the Royal Society in 
1721. Although he was 63 or 64 years of age when 
he entered upon his office at Greenwich, for the fpace 
of 18 years he watched the heavens with the clofett 
attention, hardly ever miffing an obfervation during all 
that time, and, without any affillant, performed the 
whole bufinefs of the obfervatory himfcit . 

Upon the acceffion of the late king, his confort queen 
Caroline made a vifit at the Royal Obfervatory ; and 
being pleafed with every thing fhe faw, took notice that 
Dr, Halley had formerly ferved the crown as a captain 
inthe navy: and fhe foon after obtained a grant of his 
half-pay for that commiffion, which he accordingly en- 
joyed from that time during his tife. An offer was alfo 
made him of being appointed mathematical preceptor 
to the duke of Cumberland; but he declined that ho« 
nour, on account of his advanced age, and the duties 
of his office. Int29 he was chofen a foreign member 
of the Academy, of Sciences at Paris. : 

About 1737 he was feized with a paralytic diforder 
in his right hand, which, it is faid, was the firft attack 
he ever felt upon his conftitution: however, he came 
as ufual once a week, till within a very fhort time of 
his death, to meet his friends in town on Thurfdays, 
before the meeting ofthe Royal Society, at what is yet 
called Dr. Halley’s club. His paralytic diforder in- 
creating, his ftrength gradually wore away, till he ex. 
pired Jan. 14, 1742, in the 66th year of hisage; and 
hia corps was interred.in the church-yard of Lee near 
Blackheath. Befide the works before mentioned, his 
principal publications are, 1. Catalogus Stelarum Auf- 
tralium, 2. Tabula Affronomica, 3. The Aftronomy 
of Comets. With a great multitude of Papers in the 
Philof. Tranf. from vol. 11 to vol. 60. 

HALIFAX (Joun). See Sacrososeo. 

HALO, or Corona, a coloured circle appearing 
round the body of the fun, moon, or any of the larger 
ftars. . ; 

Naturalifts conceive the Halo to arife from a refrac- 
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“tion of the rays of light in paffing through the fine rare 
veficule of a thin vapour towards the top of the atmo- 
fphere. . . 

*‘ Des Gartes obferves, that the Halo never appears 
when it rains ; whence he concludes that this phenome- 
non is occafioned by the refraction of light in the round 
particles of ice, which are then floating in the atmo- 
{phere ; and to the different protuberance of thefe parti- 
cles he afcribes the variation in the diameter of the Halo.. 
Gaffendi fuppofes, that a. Halo is occafioned in the 
fame manner as the rainkow ; the rays of light being, in 
both eafes, twice refrafled and once refleGted within 
each drop of rain or vapour, and that the difference 
between them is wholly owing to their different fitua- 
tion with refpeét to the obferver, Dechales aHfo endea- 
vours to fhew that the generation of the Halo is fimilar 
to that of the rainbow ; and that the reafon why the 
colours of the Halo ave more dilute than thofe of the 
rainbow, is owing chiefly to their being formed, not 
in large drops of rain, but in very {mall vapour. But 
the moft confiderable and generally received theory, ré- 
lating to the generation of Halos, is that of Mr. Huy- 
gens. This celebrated author fuppofes Halos, or cir- 
clesround the-fun, to be formed by {mall round grains 
of hail, compofed of two different parts, the one of 
which is tranfparent, inclofing the other, which is 
opaque ; which is the general ftructure actually obferved 
in hail. He farther fuppofes that the grains or glo- 
bules, that form thefe Halos, confifted at firft of foft 
{now, and thet they have been rounded by'a continual 
agitation in the air, and thawed on their outfide by. the 
heat of the fun, &c. And he illuttrates his ideas of 
their formation by geometrical figures. 

Mr. Weidler endeavours to refute Huygens’s manner of 
accounting for Halos, by a vatt number of {mall vapours, 
each with a {nowy nucleus, coated round with a tranf- 

arent covering. He fays, that when the fun paints its 

‘image in the atmofphere, and by the force of its rays 
puts the vapours in motion, and drives them toward the 
furface, till they are collected in fuch a quantity, and 
at fuch a diftance from the fun on each fide, that its 
rays are twice refracted, and twice reflected, when they 
reach the eye they exhibit the appearance of a Halo, 
adorned with the colours of the rainbow ; which may 
happen in globular pellucid vapours without fnowy 
nuclei, as appears by the experiment of hollow glafs 
{pheres filled with water: therefore, whenever thofe 
{pherical vapours are fituated as before mentioned, the 
refractions and refteGions will happen every where alike, 
and the figure ofa circular crown, with the ufual order 
of colours, will be the confequence. Philof, Tranf. 
number 458. : 

Newton’s theory of Halos may be feen in his Optics, 
p.1g5. And this curious thegry was confirmed by 
a@ual obfervation in June 1692, when the author 
faw by refletion, in a veffel of itagnated waters three 
Halos, crowns, or rings of colours, about the fun, 
like three little rainbows concentric to his body. Thefe 
crowns inclofed one another immediately, fo that their 
colours proceeded in this continual order from the fun 
outward: blue, white, red; purple, blue, green, pale 
yellow, and red; pale blue, pale red. The like crowns 
fometimes appéar about the moon. The more. equal 
the globules of water or ice are to oge another, the 
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more. crowns of colours will appear, and the coloure 
will be the more lively. Optica, p. 288. 

There are feveral ways of exhibiting phenomena 
fimilar to thefe. The flame of a candle, placed in the. 
midft of a fteatn in cold weather, or placed at the dif 
tance of fome feet from a giafs window that has been 
breathed upon, while the Fredtutor is alfo at the dif- 
tance of fome feet from another part of the window, or 
placed behind a glafs receiver, when air is admitted into. 
the vacuum within it to a certain denftty, in each of 
thefe circumttances will appear to be encompaffed by a 
coloured Halo. Alfo, a quantity of water being throwa 
up againit the fun, as it breaks and difperfes into drops, 
forms a kind of Halo or iris, exhibiting the colours of 
the natural rainbow. Muffchenbrock obferved, that 
when the glafs windows of his room were covered with 
a thin plate of ice on the infide, the moon feen through 
it was furrounded witha large and varioufly coloured 
Halo; which, upon opening the window, he found 
arofe entirely from that thin plate of ice, becaufe none 
was feen except through this plate. Muffchenbroek 
concludes his account of coronas with obferving, that 
fome denfity of vapour, or fome thicknefs of the plates 
of ice, divides the light in its tranfmitlion cither through 
the finall globules or their interftices, into its fepa- 
rate colours; but what that denfity is, or what the 
fize of the particles which compofe the vapour, he 
does not pretend to determine. Introd. ad Phil. Nat. 
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It tae often been obferved that a Halo about the fun 
ormoon, does not appear circular and concentric to the 
luminary, but oval and excentric, with its longeft dia- 
meter perpendicular to the horizon, and extended from 
the moon farther downward than upward. Dr. Smith 
afcribes this phenomenon to the apparent concave of the 
fky being lefsthan ahemifphere. When the angle 
which the diameter of a Halo fubtends at the eye is 
45° or 46°, and the bottom of the Halo is near the ho- 
rizon, and confequently its apparent figure is mott oval, 
the apparent vertical diameter is divided by the moon in 
the proportion of about 2 to 3 or 4, and is to the hoe 
rizontal diameter drawn through the moon, as 4 to 2s 
nearly.—See farther on the fubje& of this: article, 
Prieitley’s Hift. of Difcoveries relating to Vifion, p. 
$96—613°; and Smith's Optics, art. 167, 513, 526, 

27, &e. 

HAMEL (Joun Barrisre nv), a very learned 
French philofopher and writer, in the 17th century, 
was born in lower Normandy in 1614. At 18 years of 
age he publifhed a treatife, in which he explained, ina 
very fimple manner, and by one or two figures, Theo- 
dofius’s 3 books upon Spherics ; to which he added a 
tract upon trigonometry extremely perfpicuous, and de» 
figned as an introduétion to aftronomy. He publifhed 
afterwards various other works on aftronomy and phi» 
lofophy. Natural philofophy, as it was then taught, - 
was only a collection of vague, knotty, and barren 
queftions ; when our author undertock to eftablifh it 
upon right principles, and publifhed his A/ronomia 
fare Principle P' Yes 

In 1666 M. Colbert propofed to Louis the 14tha 
fcheme, which was approved of, for eftablifhing a royal 
academy of fciences ; and appointed our author fecre- 
tary of it. In 1678, his Philofophia Vetus &F Nova 

was 
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was printed at Paris in 4 vole, r2mo; and in 1681 it 
was enlargtd and printed there in 6 vols. He wrote 
feveral other pieces ; and his works in this way were col- 
le€ted and publifhed at Nuremberg 1581, in 4 volumes 


4to, under the title of Opera Phitofophica {9 Aftroncini- 


ea. Thefe were highly valued then,’ though the im- 
provements in philofophy fince that time have rendered 
them of little or no ufe now. 

In 1697 he refigned his place of fecretary of the 
Royal Academy of Sciences ; in which he was fuc- 
ceeded by M, Fontenelle. However, he publithed, in 
1698, Regie Sciontinrum Academia Hiflcria, gto, in 
four books ; which being much liked, he afterwards 
augmented with two books more. “This work contains 
an account of the foundation of the Royal Academy of 
Sciences, and its tranfactions, from 1666 to 1708, and 
is now the moft ufeful of all his works. He was Re- 

ius Profeffor of Philofophy, in which office he was 
Frcceeded by M. Varignon, at his death, which hap- 
pened Aug. 6, 1706, in the 93d year of hisage. 

HANCES, Hawcues, or Hanses, in archite€ture, 
are certain fmall intermediate parts of arches between 
the key or crown and the {pring at the bottom, being 
perhaps about one-third of the arch, aad fituated nearer 
the bottom than the top or crown ; and are otherwife 
called the /pandrels. ‘ 

HANDSPIKE, or Hanpsrec, a lever or piece of 
afh, elm, or other ftrong wood, for raifing by the hand 
great weights, &c. It is 5 or 6 feet long, cut thin 
and crooked at the lower end, that it may get the eafier 
between things that are to be feparated, or under any 
thing that is to be raifed. It is better than a crow of 
iron, becauie its length allows a better poife. 

- HARD Bodies, are fuch as are abfolutely inflexible 
te any preffure or percuffion whatever: differing from 
foft bodies, whofe parts yield and are eafily moved 
amongft one another, without reftoring themfelves 
agains and from elaftic bodies, the parts of which alfo 
yield and give way, but prefently reitore themfelves 
again to their former ftate and fituation. Hence, 
hard badies do not bend, or indent, but break. It is 
probable however there are no bodies in nature that are 
abfolutely or perfeétly either hard, foft, er elattic ; but 
all poffefling thefe qualities, more or lefs, in fome de- 
gree. M. Bernoujli goes fo far as to fay that Hard- 
nefs, in the common fenf+, is abfolutely impoffible, 
being contrary to the law of continuity, 

’ The Jaws of motion for hard bodies are the fame as 
for foft oncs, both being fuppofed to adheres together 
on their impact, And thele two forts of bodies 
might be comprized under the common name of Un- 
elailic. 

HARDENING, the giving a greater degree of 
hardnefs to bodies than they had before. : 

There are feveral ways of Hardening iron and fleel; 
as by hammering them, quenching them in cold.water, 
&c. 

Cafe-Haxpenina, isa fuperficial converfion of iron 
into ftecl, as if it were cafing it, or covering it with a 
thin coat. of harder matter. It is thus performed: 

Pake cow horn or hoof, dry it well in an oven, and 
beat it to powder ; put equal quantitics of this powder 
and of bay falt into ftale urine, or white wine vinegar, 
and mix them well together ; cover the iron or fteel all 
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over with this mixture, and wrap it up in loant, or plate” 
iron, fo as the mixture touch every part of the wonk 5 
then putit inthe fire, and blow the coals to it, till the 
whole lump have a bluod red heat, but no higher ; 
fafily, take it out, and quench it.—-Sce Srrex, under 
which article are defcribed other praceffes for this pur- 


fe. 

HARDNESS, or Rigidity, that quality in bodies 
by which their parts focohere as not to yield inward, or 
give way to an external impulfe, without inflantly going 
beyond the diflance of their mutual attraétion } and 
therefore are not fubje&t to any motion in refpec& of 
each other, without breaking the body. 

There were many fanciful opinions among the ancients 
concerning the caufe of hardnefs; fuch as, heat, cold, 
drynefs, the hooked figure of the particles of matter. 
‘The Cartefians make the Hardnefs of bodies to confitt 
in reft, as that of foft and fluid ones in the motion of . 
their particles, 

Newton fhews that the primary particles of all bo- 
dies, whether folid or fluid, are perfe€tly hard ; and 
are not capable of being broken or divided by any power 
in nature. Thefe particles, he maintains, are connected 
together by au attractive power ; and according’ to the 
circumttances of this attra@tion, thé body is either hard; 
or foft, or even fluid. If the particles be fo difpofed or 
fitted for each other, as to touch in large furfaces, the 
body will be hard; and the more fo as thofe furfaces are 
the larger, If, on the contrary, they only touch in 
fmall furfaces, the body, by the weaknefs of the attrac- 
tion, will remain foft. 

At prefent, many philofophers think that Hardnefs 
confifts in the abfence or want of the aétion of the uni- 
verfal fluid, or elementary fire, among the particles of 
the body, or a deficiency of what is called latent heat ; 
while on the contrary, fluidity, according to them, con- 
fifts in the motion of the particles, in confequence of the 
aétion of that elementary fire. 

Hardnefs appears to diminifh the cohefion of bodies, 
in fome degree, though their frangibility or brittlenefs 
does not by any means keep pace with their hardnefs. 
Thus, though glafe be very hard and very brittle ; 
yet flint is ftill harder, though lef brittle. Among 
the metals, thefe two properties feem to be more con- 
nected, though even here the conneétion is by no means 
complete: for though fteelbe both the hardeft and 
moft brittle of all.the metals; yet lead, which is the 
fofteft, is not the moft duétile. Neither is Hardnefs 
connected with the fpecific gravity of bodies; for a 
diamond, the hardeft fubftance in nature, is little more 
than half the weight of the lighteft metal. And as 
little is it conneéted with the coldnefs, or. eleétrical 
properties, or any other quality with which we are ac- 
quainted. Some bodies are rendered hard by cold, and . 
others by different degrees of heat. ; 

Mr. Quift and others have conftru€ted tables of the 
Hardnefs of different fubftances, And the manner of 
conftrudting thefe tables, was by obferving the érder in 
which they were able to cut or make any impreffion 
upon one another, The following table, extracted from 
Magellan’s edition. of Cronftedt’s Mineralogy, was 
taken from Quits Bergman, and Kirwan. The firft 
column fhews the Hardnefs, and the fecond the {pecifie 
gravity. . 
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. Hards Spec. 
% - nef. Grav. 
Diamond from Ormus - 20 - 37 
Pink diamond - - 19 - 34 
Blueith diamond .  ~ - 19 - 33 
Yellowith diamond - 19 - 3°3 
Cubic diamond - - 18 - 3°2 
Ruby - - - - ye 42 
Pale blue fapphire - 17 - 3°83 
Pale ruby from Brazil - 16 - 3°5 
Deep blue fapphire - 16 - 38 
Topaz - - 15 - 42 
Whitith ditto - - 14 . 35 
Ruby fpinell - - 13 - 3°4 
Emerald - - 2 - 2°8 
Garnet - - 12 - 44 
~ Agate - - oe 12 - 2'°6 
Onyx - - - 12 - 26 
Sardonyx - - 12 - 25 
Bohemian topaz - - IE - 28 
Qccid. amethyft - - IX - 27 
Cryftal - - . 11 - 26 
Carnelian - - Ir - 2.7 
Green jafper - - It - 27 
: Schoer! - - - 10 - 3°6 
Tourmaline - - 10 - 3°0 
Quartz, : - - 10 - 27 
Opal - - - 10 - 2°6 
Chryfolite - - 10 - 3°7 
Reddith yellow jafper - 9 + 26 
Zeolyte - - - 8 - 21 
Fluor - - - q - 35 
Calcareous {par - - 6 - (247 
Gypfum . - - 5 - 2°3 
Chalk - - - 3 - 2°7 


HARMONICA, Harmonics, a branch or divi- 
fion of the ancient mufic; being that part which confi- 
ders the differences and proportions of founds, with re- 
{ped to acute and grave; as diftingulfhed from Rhyth- 
mica, and Metrica. 

Mr. Malcolm has made a very induftrious and learn- 
‘ed enquiry into the Harmonica, or harmonic principles, 
of the ancients. . 

Harmonica, the name of a mufical inftrument in- 
vented by.Dr. Franklin, confifting of the glaffes, called 
mufical glaffes. ‘i 

It is faid that the firft hint of mufical glaffes is to be 
found in an old Englifh book, in which a number of va- 
rious amufements were deferibed. That author directs 
his pupil to choofe half a dozen drinking-glaffes ; to fill 
each of them with water in proportion to the gravity or 
acutenefs of the found which he intended it to give ; and 
having thus adjufted them one to another, he might en- 
tertain the company with a church tune. Thefe were 
perhaps the rude hints which Mr. Puckeridge, an Irith 

entleman, afterwards improved, and after him, Mr. E. 
Pav, an ingenious member of the Royal Society ; 
and finally brought to perfeGiion by the celebrated 

Franklin, 
ters, particularly in that to Beccaria. 

HARMONICAL, or Harmonic, fomething re- 
lating to Harmony. Thus, 

Haagmonicar Arithmetic, is fo much of the theory 
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and doétrine of numbers, as relates to making‘the com- 
parifons and reduétions of mutical intervals; which are 
exprefled by numbers, fer finding their mutual relations, 
¢ompofitions, and refolutions. 

Harmonica Compofition, in its general fenfe, in- 
cludes the compofition both of harmony and melody ; 
i, e. of mufic, or fong, both in a fingle part, and in fe- 
veral parts. 

Harmonica Jnterval, the difference between two. 
founds, in refpeGt of acute and grave+ or that imagi- 
nary {pace terminated with two founds differing in 
acutenefs or gravity. 

Harmonicat Proportion, or Mufical Proportion, is 
that in which the firit term is to the third, as the dif- 
ference of the firit and fecond isto the difference of the 
2d and 3d; or whenthe firft, the third, and the faid 
two differences, are in geometrical proportion. Or, 
four terms are in Harmonical proportton, when the rit 
is to the 4th, as the difference of the rft and 2d is to 
the difference of the 3d and 4th. "Thus, 2, 3, 6, are in 
harmonical proportion, becaufe 2 : 6 31:3. And the 
four terms 9, 12, 16, 24 are in harmonical proportion, 
becaufe 9 : 24 :: 3: 8.—If the proportional terms be 
continued in the former cafe, they will form an harmo 
nical progreffion, or feries. 

1. The reciprocals of an arithmetical progreffion are 
in Harmonical progreffion ; and, converlely, the reci~ 
procals of Harmonicals are arithmeticals, Thus, the 
reciprocals of the Harmonicals 2, 3, 6, are 4 > 2 
which are arithmeticals; for = - 7 | = and 


pg 
-3= 


alfo : and the reciprocals of the arith. 
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meticals 1, 2, 3, 4, &c, are TP a a kerwhich 
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2:2). ae comes, eee ee 
ae ae | 3 
and fo on. And, in general, the reciprocals of the 
arithmeticals a, 2 + d, a + 2d, a + 3d, &c, viz, 
1 1 I 1 


a’a+d’a+2d a+ 3d 
et e contra. 

2. If three or four numbers in Harmonical propor+ 
tion be either multiplied or divided by fome number, 
the produéts, or the quotients, will ftill be in Harmo- 
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nical proportion. Thus, 
the Harmonicals - 6, 8, 12, 
multiplied by 2 give 12, 16, 245 
or divided by 2 give 3, 4, 6, 


which are alfo Harmonicals. ” 

3. To find a Harmonical mean proportional between 
two terms: Divide double their product by their 
fum, 

4. To find a 3d term in Harmonical proportion 
to two given terms: Divide their produ& by the 
difference between double the 1ft term and the 2d 
term. 

5- To find a 4th term in Harmonical proportion 
to three terms given: Divide the produ&t of the 1ft 
and 3d by the difference between double the iftand the 
ad term. 

Hence, 
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Hence, of the twe terms a and 3; 





the Harmonicat mean is = a 
, a+é 
the 3¢ Harmonical ee 
he 3 farmonical propor, is mo? 
. ae . 
alfo to a, 4, c, the 4th Harm. is mor 
6. If there be taken an arithmetical mean, and a 
Harmonical mean, between any two terms, the four 
terms will be in geometrical proportion. ‘Thus, be- 
tween 2 and 6, - 
the arithmetical mean is 4, and 
the Harmonical mean is 3 ; 
and hence 2: 3:3: 4:6, 
Alfo, between a aad 4, 


a 


7 ; 3 é 
the arithmetical mean is + » and 





the Harmonical mean is 





2a “ 
a+b’ 
2ab a+b 
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HARMONY, in Mufic, the agreeable refule of an 
union of feveral mufical founds, heard at one and the 
fame time; or the mixture of divers founds, which to- 
gether have an agreeable effect on the ear. 

As a continued fucceffion of mufical founds produces 
melody, “fo a continued combination of them produces 
Harmony. 

Ameng the ancients however, as fometimes alfo among 
the moderns, Harmony is ufed in the ftri@ fenfe of con- 
fonance ; and fo is equivalent to the fymphony. 

The words concord and Harmony do really fignify 
the fame thing ; though cuftom has made a little dif- 
ference between them. Concord is the agreeable effeét 
of two founds in confonance ; and Harmony the effeét 
of any greater number of agreeable founds in con{o- 
nance, 

Again, Harmony always implies confonance; but 
concord is alfo applied to founds in fucceffion ; though 
never but where the terms can ftand agreeably in con- 
fonance. The effeét of an agreeable fucceffion of feve- 
ral founds, is called melody ; as that of an agreeable 
confonance is called Harmony. 

Harmony is well defined, the fum or refalt of the 
combination of two or more concords ; that is, of three 
or more fimple founds ftriking the ear all together ; and 

" different compofitions of concords make different [ar- 
mony. , ’ 
The ancients feem to have been entirely unacquainted 
with Harmony, the foul of the modern malic. In all 
their explications of the melopeeia, they fay not one word 
of the concert or Harmony of parts,, We have inflances, 
indeed, of their joining (everal voices, or inftruments, in 
confonance ; but them thefe were not fo joined, as that 
each had a diftin@ and proper melody, fo making a 
fucceffion of various concords ; ‘but they were either 
unifons, or o@aves, in every note; and fo all performed 
the fame individual melody, and conftituted one fong. 
When the parts differ, not in the tenfion of the 
whole, but in the different relations of the fucceffive 
notes, it is this that conftitutes the modern art of Har- 
many. 
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Haamony of the Spheres, or Celeflial Harmony, a 
kind of mufie much fpoken of by many of the ancient 
philofophers and fathers, fuppoled to be produced by 
the fweetly tuned motions of the {tars and planets. This 
Harmony they attributed to the various Proportionate 
impreffions of the heavenly bodies upon one another, 
acting at proper intervals. They think it impoffible 
that fuch prodigious bodies, moving with fuch rapidity, 
fhould be filent : on the contrary, the atmofphere, con- 
tinually impelled by them, mutt yield a fet of founds. 
proportionate to the impreffion it receives; and that 
confequently, as they run all in different circuits, and 
with various degrees of velocity, the different tones 
arifing from the diverfity of motions, directed by ‘the 
hand of the Almighty, muft form an agreeable fympho- 
ny or concert. 7 

They therefore fappofed, that the moon, as being the 
loweft of the planets, correfponded to mi; Mercury, to- 
fa; Venus, to fol; the Sun, to /z; Mars, to fiz Ju- 


, Piter, to wt; Saturn, to res and the orb of the fixed 


ttars, as being the highett of all, to mi, or the oGave. 

It is thought that Pythagoras had a view to the grae 
vitation of celeftial bodies, in what he taught concern- 
ing the Harmony of the fpheres, é a 

A mutical chord gives the fame nete as one doubhe 
in length, when the tenfon or force with which the 
latter is ttretched is quadruple; and the gravity of a 
planet is quadruple of the gravity of a planet at a 
double diftance. In general, that any mufical chord 
may become unifon to a lefler chord of the fame kind, 
its tenfion mult be increafed in the fame proportion as. 
the nde of its length is greater ;. and that the gravi- 
ty of a planet-may become equal to the gravity of 
another planet nearer the fun; it mutt be increafed in 
Proportion as the {quare of its diftance from the fun is 
greater. If therefore we fhould fuppofe mufical chords 
extended from the fun to each planet, that all thefe 
chords might become unifon, it would be requifite to- 
increafe or diminifh their tenfions in the fame propor~ 
tions as would be fufficient to render the gravities of the 
planets equal; and from the fimilitude of thofe pro- 
portions, the celebrated doGrine of the: Harmony of 
the {pheres is fuppofed to have been derived, 

Kepler wrote a large work, in folio, on the Harmo- 
nies of the world, and particularly of that of the celef- 
tial bodies. He firft endeavoured to find out fome: 
relation between the dimenfions of the five regular folids: 
and the intervals ef the planetary fpheres; and imagin- 
ing that a cube, infcribed in the fphere of Saturny. 
would touch by its fix planes the {phere of Jupiter, and 
that the other four regular folids in like manner fitted: 
the intervals that are between the fpheres of the other: 
planets, he became perfuaded that this was the true- 
reafon why the primary planets were precifely fix in: 
number, and that the author of the world had deter- 
mined. their diftanees from the fun, the centre of the 
fyftem, from a regard to. this analogy. But afterwards. 
finding that the difpofition of the five regular folids. 
amongit the planetary {pheres, was not agreeable to 
the intervals between their orbits, he endeavoured to- 
difcover other {chemes of Harmony. For this purpofe 
he compared the motions of the fame planet at its. 
greateft and leaft diftances, and of the different planets. 
an. their feveral orbits, as they would appear vo 

Tomy 


HAR 


from the funs and hete he fancied that fe found a fi- 
militude to the divifions of the etave in mufic. Laftly, 
he imagined that if lines were drawn from the earth, to 
each of the planets, and the planets appended to them, 
or ftretched by weights proportional to the’ plancts, 
thefe lines would then found all the notes in the o€tave 
of a mufical chord. : 

See his Harmonics; alfo Piin. lib. 2, cap. 223 Ma- 
crob. in Somn. Scip. fib. 2, cap. 1; Plutarch de Ani- 
mal. Procreatione, ¢ Timzo ; and Maclaurin’s View of 
Newton’s Difcov. book 1, chap. 2. 

HARQUEBUSS, a hand-gun, or a fire-arm of a 

roper length and weight to be borne in the arm. 
Flanzelet prefcribes its proper length to be 40 calibres, 
or diameters of its bore; and the weight of its ball 5 oz. 
and Z; its charge of powder as much. 

HARRIOT (Tuomas), a very eminent Englifh 
mathematician and aftronomer, was born at Oxford in 
1560, and died at London July 2,.1621, in the Grit 
year of his age.  Harriot bas hitherto been known to 
the world only as an algebraitt, though a very eminent 
one; but from his manufeript papers, that have been but 
lately difcovered by Dr. Zach, aftronomer to the duke 
of Saxe-Gotha, it appears that he was not lefs eminent 
4s an aflronomer and geometrician. Dr. Zach has 
printed an account of thofe papers, in the Aftronomi- 
cal Ephemeris of the Royal Academy of Sciences at 
Berlin, for the year 1788; of which, as it is very 
curious, and contains a great deal of information, I 
. fhall here give a tranflation, td ferve as memoirs con- 

cerning the life and writings of this eminent man; af- 
terwards adding only fome neceffary remarks of my own. 

“I here prefent to the world (fays Dr. Zach), a 
fhort account of fome valuable and curious mannfcripts, 
which I found in the year 1784, at the feat of the earl 
of Egremont, at’ Petworth in Suffex, in hopes that this 
learned and inquifitive age will either think my endea- 
vours about them worthy of its affitance, or elfe will 
be thereby induced to attempt fome other means of 
publithing them. The only undeniable proof I can 
now produce of the ufefulnefs of fuch an undertaking, 
is by giving a fuccin& report of the contents of thefe 
‘ materials, and briefly fhewing what may be effected by 
them. And although 1 come to the performance ef 
fuch an enterprize with much lefé abilities than the 
different parts of it require, yet I truft that my love for 
truth, my defign and xcal to vindicate the honour due 
to an Englifhman, the author of thefe manufcripts, 
which are the chief reafons that have influenced me in 
this undertaking, will ferve as my excufe, 

« A predeceflor of the family of lord Egremont, 
viz, that noble-and generous earl of Northumberland, 
named Henry Perey, was not only a generous favourer 
of all good learning, but alfo a patron and Mzcenas of 
the learned men of his age. Thomas Harriot, the 
author of the faid manufcripts, Robert Hues (well 
known by his Treatife upon the Globes), and*Walter 
Warner, al! three eminent mathematicians, who were 
known to the earl, received from him yearly penfions ; 
fo that when the carl was committed prifoner to the 
Tower of London in the year 1696, our author, with 
Hues and Warner, were his conftant companions ; and 
were ufually called the earl of Northumberland’s three 
Magi. 
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« Thomas Harriot is a known and celebrated: mathe- 
matician among the learned of all nations, by his excel- 
fent work, Artis Analytice Praxis, ad equationcs alge- 
braicas nova expedita {5 generali methodo, refolvendas, 
TraBatus pofthumus ; Lond. +631: dedicated to Hen- 
ry earl of Northumberland ; publithed after his death 
by Walter Warner. It is remarkable, that the fame 
and the honour of this truly great man were conftantly 
attacked by the French mathematicians 3 who could 
not endure that Harriot fhould in any way diminifh _ 
the fame of their Vieta and Des Cartes, efpecially the 
latter, who was openly accufed of plagiarifm from our 
author. [See Montucla’s Hiffoire des Mathematiques, 
part 3, p. 485 & feq.— Lettres de M. Des Cartes, toms 3, 
pt 457, edit. Paris 1667, in 4to.— Didionnaire de Mo- 
reri, word Harriot.—Encyclopedie, word Algebra. —Let- 
ires de M. de Voltaire, fur la nation Angloife, letive V4q 
—Memoire de ? Abbé de Gua dans les Mem. de P Azad, des 
Sciences de Paris pour 1741.—- Fer. Colliers great Hiflo- 
vical Didionary, word Harriote——Dr. Wallis’s preface 
to his Algebra.n—To which may be added the article Al- 
gebra, in this di@ionary.} . 

“ Des Cartes publithed his Geometry 6 years after 
Harriot’s work appeared, viz, in the year 1637. Sir 
Charles Cavendifh, then ambaffador at the French court 
at Paris, when Des Cartes’s Geometry made its firft ap- 

earance in public, obferved to the famous geometriciag 
Roberval, that thefe improvements in Analyfis had been 
already made thefe 6 years in‘England, and fhewed him 
afterwards Harriot's Artis Analytica Praxis, which ae 
Roberval was looking over, at every page he cried out, 
Oui! ouil Pavul Yee! yer! be has feenit! Des 
Cartes had alfo been in England before Harriot’s 
death, and had heard of his new improvements and in- 
ventions in Analyfis. A critical life of this man, which 
his papers: would enable me to publifh, will thew more 
clearly what to think upon this matter, which I hope 
may be difcuffed to the due honour of our author. 

“ Now all this relates to Harriot the celebrated. 
analyft; but it has not hitherto been known that Har- 
riot was an eminent aftronomer, both theoretical and 
praétical, which firft appears by thefe manufcripts; 
among which, the moft remarkable are 199 obferva . 
tions of the Sun’s Spots, with their drawings, calculae 
tions and determinations of the fun’s rotation about his 
axis. here is the greatett probability that Harriot 
was the firtt difcoverer of thefe fpote, even before either 
Galileo or Scheiner. ‘I'he earlieft intelligence we have 
of the firft difcovered folar fpots, is of one Joh. Fabri 
cius Phryfius, who in the year 1611 publifbed at Wit- 
temberg a {mall treatife, intitled, De Maculis in Sole ob- 
fervatis &2 apparente eorum cum Sole converfione narrations 
Galileo, who is commonly accounted the firft difcoverer 
of the Solar Spots, publifhed his book, foria e Dimone 
frraxioni intorne alle Machie Solare e loro accidenti, at 
Rome,.in the year 1613.» His firt obfervation in this 
work, is dated June 2, 1612. Angelo de Fillis, the 
editor of Galileo’s work, who wrote the dedication and, 
preface to ity mentions, pa. 3, that Galileo had not 
only difcovered thefe fpots in the month of April in the 
year 1611, at Rome, in the Quirinal Garden, but had * 
fhewn them feveral months before (molti meft innanxi) 
to his friends.in Florence. And that the obfervations 
of the difguifed Apelles (the Jefuit Scheiner, a pre- 
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tender to this firft difcovery) were not-Jater than. the 
month of.@ctober in the fame year; by which the 
epoch of this difcovery was fixed to the beginning ef 
the year 1611. But'a paffage in the firft letter of Gas 
lileo’s works, pa. 11, gives'a more precife term to this 
difcovery. Galileo there fays in plain terms, that he 
‘had obferved the Spots in the Sun 18 months before. 
The date of this letter is May 24, 16123 which brings 
sthe true epoch of this difcovery to the month of Novem- 
ber, 1610. Hawever, Galileo’s fir produced obferva- 
‘tions are only from June 2, 1612, and thofe of father 
“Scheiner of the month of Oétober, in the fame year. 
Butinow it appears from Harriot’s manuferipts, that 
. his firlt obfervations of thefe Spots are of Dec, 8, 1610. 
‘It is not likely that Harriot could have this notice 
from Galileo, for [ do not find this mathematician’s 
name ever quoted in Harriot’s papers. But I find him 
mentioning Jofephus a Cofta’s book 1, chap. 2, of his 
Natural and Moral Hiftory of the Weft Indies, in which 
“he relates that in Peru there are Spots to be feen in the 
Sun which are not to be feenin Europe. It rather 
feems that Harriot had taken the hint from thences 
Befides, it is very likely that Harriot, who lived with 
fo generous a patron to all good learning and improve- 
‘ments, had got the new invention of telefcopes in Hol- 
land much feoner in England, than they could reach 
Galileo, who at that time lived at Venice. Harriot’s 
“very careful and exact obfervations of thefe Spots, fhew 
alfo that he was in poffeffion of the beft and moit im- 
roved telefcopes of that time; for it appears he had 
-fome with magnifying powers of 10, 20, and 3o times. 
At leaft there are no earlier obfervations of the Solar 
Spots extant than his: they run from December 8, 
1619, till January 18, 1613. I compared the corre- 
fponding ones with thefe obferved by Galileo, between 
which I found ap exaG agreement. Had Harriot had 
any notion about Galileo’s difcoveries, he certainly 
would have alfo known fomething about the phafes of 
Venus and Mercury, and efpecially about the fingular 
thape of Saturn, firlt difcovered by Galileo ; but I find 
not a word in all his papers concerning the particular 
figure of that planet. . 2 

“© Of Supiter’s Satellites, I found among his pay 
a large fet of obfervations, with their drawing, pofition, 
and calculations of their revolutions and periods. His 
firll obfervation of thofe difcovered Satellites, I find to 
‘be of January 16, 1610; and they go till February 
26, 1612. Galileo pretends to have difcovered them 
January 7, 1610; fo that it is not improbable that 
Harriot was likewife the firft difcoverer of ,thefe atten- 
dants of Jupiter. 

“ Among his other obfervations of the Moon, of 
fome Eclipfes, of the planet Mars, of Solftices, of Re- 
fraction, of the Declination of the Needle ; there are 
moft remarkable ones of the noted Comets of 1607, and 
ef 1618, the latter, for there were two this year (/ee 
Kepler de Cometis, pa. 49). They were all obferved 
with a crofe-ftaff, by meafuring their diftances from 
fixed flars ; whence thefe obfervations are the more va- 
luable, as comets had before been but grofsly obferved-: 
Kepler himfelf obferved the comet of 1607 only with 
‘the naked eye, pointing out its place by a coarfe efti- 
mation, without the aid of an inftrument ; and the ele- 
meats of. their orbits could, in defect of better cbferva- 
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tiene, be only calcilated ‘by thers. The obfervations of - 
the comet ‘a the year-1607, are of the more importance, 


even now for modern aftronomy, as this is the fame 
comet that fulfilled Dr. Halley’s predition of its return 


‘in the year1759. That prediéion was only grounded 


upon the elements afforded him by thefe coarfe obferva- 
tions ; for which reafon he only affigned the term of its 
return to the {pace of a year. ‘The very intricate cal- 
culations of the perturbations of this comet, afterwards 
made by M, Clairaut, reduced the limits to-a month’s 
fpace. But a greater light may now be throwa upon 
this matter by the more accurate obfervations on this 
comet by Mr. Harriot. In the month of Oober 
1785, when I converfed upon the fubje& of Harriot’s 
papers, and efpecially on this comet, with the very cele- 
brated mathematician M. dela Grange, direCtor of the 
Royal Academy of Sciences at Berlin; he thea fuggelt- 
ed to me an idea, which, if brought into execution, will 
clear up an important peint in aftronomy. It is well 
known to aftronomers how difficult a matter it is, to de~ 
termine the mafs, or quantity of matter, in the planet 
Saturn ; and how little fatisfactory the notions of it are, 
that have hitherto been formed. © The whole theory of 
the perturbations of comets depending upon this uncer- 
tain datum, feveral attempts and trials have been made 
towards a more exa€t determination of it by the moft 
eminent geometricians of this age, and particularly b: 
Ja Grange himfelf; but never having been fatisfied qth 
the few and uncertain data heretofore obtained for the 
refolution of this problem, he thought that Harriot’s - 
obfervations on the comet of 1607, and the modern 
ones of the fame comet in 1759, would fuggeft a way 
of refolving the problem a fofleriori; that of determining 
it them the elements of its ellipfis, ‘The retardation: 
of the domet compared to its period, may clearly be 
laid to the account of the attraétion and perturbation it’ 
has fuffered in. the region of Jupiter and Saturn; and 
as the part of it belonging to Jupiter is very well known, 
the femainder mutt be the fhare which is due to Saturn 5 
from whence the mafs of the latter may be inferred. In 
confequence of this confideration I have already begun 
to reduce moft of Harriot’s obfervations of this, comet, 
in order to calculate by them the true elements of its 
orbit on an elliptical hypothefis, to complete’ M, Ia 
Grarnge'’s idea upon this matter. : 

«¢ I forbear to mention here any more of Harriot’s 
analytical papers, which I found in a very great number. 
They contain feveral elegant folutions of quadratic, cu- 
bic, and biquadratic equations; with fome other folutions 
and /oca geometrica, that fhew his eminent qualifications, 
and will ferve to vindicate them againft the attacks of fe- 
veral French writers, who refufe him the juftice due tp 
his fill and accomplifhments, merely to fave Des Cartes’s 
honour, who yet, by fome impartial men of his own na- 
tion, was accufed of public plagiarifm. 

« Thomas Harriot was born at Oxford, in the year 
156% After being inftruéted in the rudiments of lan- 
guages, he became a commoner of St. Mary's-Hall, 
where he took the degree of bachelor of arts in 1579. 
He-had then fo diftinguithed himfelf by his uncommog 


kill in mathematics, as to be recommended ‘fon after to 


Sir Walter Raleigh, as a proper preceptor to him in 
that feience. Accordingly that noble-knight became 
is firft patron, took him into his.family, and allowed 
4F fim 
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- Mma haadfome penfion. In 184 he went over with 
Sir Watter’s firft colony to Virginia ; where he was em- 
ployed in difcovering and furveying the country, &c 5 
maps of which I have found (fays Dr. Zach) very neat- 
- ly'done among his papers. After his return he pub- 
lihed 4 Brief and True Report of the Newfoundland of 
o Firgivia, of the Ci ‘onmodities there found to be raifed, &e 3 
Lond. 1588, This was reprinted in the 3d volume of 
Hakluyt's Voyages: it was alfo tranflated into Latin, 
and printed at Frankfort in the year 1590. Sir Walter 
introduced him to the acquaintance of the earl of Nor- 
thutnberland, who allowed him a yearly penfiom; Wood 
fays, of 120]. only ; but by fome of his receipts, which 
1 have found among his papers, it-appears that he had 
zoel, which indeed was a very large fum at that time. 
Wood, in his Athen. Oxon. mentions nothing of Har- 
riot’s papers, except a manufcript in the library at Sion 
College, London, entitled Ephemeris Chyrometrica, 1 
got accefs to this library and manufcripts, and was in- 
deed in hopes of finding fomething more of Harriot’s ; 
for mott of his obfervations are dated from Sion College ; 
but I could not find any thing from Harriot himfelf. 
‘I found indeed fome other papers of his friends: he 
mentions, in his obfervations, one Mr. Srandifh, at Ox- 
ford, and Nicol. ‘lorperly, who alfo was of the ac- 
‘quaintance of the earl of Northumberland, and had a 
yearly penfion : from the former I fownd two obferva~ 
‘onroe the fame comet of 1618, made in Oxford, which 
the communicated to Mr. Harriot. 

“ Thomas Harriot died July 2, 1621. His difeafe 
‘was a cancerous ulcer in the lip, which fome pretend he 
ta by a cuftom he had of holding the mathematical 
‘brafs inftruments, when working, in his mouth. 1 found 
feveral of his letters, and anfwers to them, from his phy- 
fician Dr, Alexander Rhead, who in his treatife men- 
tions Harriot’s difeafe, His body was conveyed to St. 
Chriftopher’s church, in London. Over his grave was 
foon after erected a monument, with a large infcription, 
which was deftroyed with the church itfelf by the dread- 
‘ful fire af September 1666, He was but 60 years of age.” 

The peculiar nature and merits of Harriot’s Alge- 
-bra, we have {poken largely and particularly of, under 
the art. Algebra, page 89. As to his manufcripts 
lately difcovered by Dr. Zach, as above mentioned, it is 
with pleafure I can announce, that they are in a fair train 
‘to be publifhed: they have been prefented to the uni- 
verfity of Oxford, on condition of their printing them ; 
with a view to which, they have been lately put into 
‘the hands of an ingenious member of that learned body, 
to arrange and prepare them for the prefs. 

HARRISON (Joun)}, a moft accurate mechanic, 
sthe‘celebrated inventor of the famous tiime-beeper for af- 
~certaining the longitude at fea, and alfo of the com- 
pound orgridiran-pendulum ; was born at Foulby, near 
Pontefra&t in Yorkfhire, in 1693. His father was a 

* , “earpénter, in which ptofeffion the fon affilted; occafion- 
‘ally alfo, according to the mifcellaneous practice of 


tountry artilts, {arveying land, and repairing clocks aud - 


~watches; and young Harrifon*always was, from his 
‘early childhood, greatly attached ‘to any machinery 
moving by wheels. In 1700 he removed with “his fa- 
ghér to Barrow in Lincolnfhire ; where, though his op- 
*Portunitiés of acquiring knowledge were very few, he 
. "eperly isiproved every incident from which'he might 
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eolleat information ; frequently employing all or great 
part of his nights in writing or drawing : agd he always 
acknowledged his obligations toa clergyman who came 
every Sunday to officiate in the neighbourhood, who lent 
hima MS. copy of profeffor Sander fon’s leGtures; which 
he carefully and neatly tranferibed, with all the dia- 
ecame His native genius exerted itfelf fuperior to thefe 
olitary difadvantages; for ia the year 1726, he had 
conflru€ted two clocks, moftly of wood, in which he 
applied the cfcapement and compound pendulum of 
his own inventions thefe furpaffed every thing thea 
made, fearcely erring a fecond in a month. In 1728, 
he came up to London with the drawings of a machine 
for determining the longitude at fea, in expeétation of 
being enabled to execute one by the Board of Longi+ 
tude. Upon application to Dr, Halley, the aftronomer 
royal, he referred him to Mr. George Graham ; who 
advifed him to make his machine, before applying to 
that Board. He accordingly returned home to per- 
form histafk ; and in 1735 came to London again with 
his firft machine; with which he was fent to Lifton 
the next year, to make trial of it. In this fhort voyage, 
he correéted the dead reckoning about a degree and a 
half; a fuccefe which procured him both public and 
private encouragement, About the year 1739 he com- 
pleted his fecond machine, of acenitruction much more 
fimple than the former, and which anfwered much bet- 
ter: this, though net fent to fea, recommended Mr. 
Harrifon yet {tronger to the patronage of his friends and 
the public: His third machine, which he produced in 
1749, was ftill lefs complicated than the fecond, and 
more accurate, as erring only 3 or 4 fecondg in a week. 
‘This he conceived to be the we plus ultra of his attempts 5 
but by endeavouring to improve pocket-watches, he. 
found the principles he applied to furpats his expedtae 
tions, fo much, as to encourage him to make his fourth 
time-keeper, which is ia the form of a pocket-watch, 
about 6 inches diameter. With this time-keeper his fon 
made two voyages, the one to Jamaica, and the othet 
‘to Barbadoes; in which experiments it correéted the 
longitude within the neareft limits required by the at 
of the rath of queen Anne; and the inventor had 
therefore, at different times, more than the propofed re- 
ward, receiving from the Board of Longitude at dif- 
ferent times almof 24,000]. befides a few hundreds 
from the Eaft India Company, &c. Thefe four ma- 
chines were given up to the Board of Longitude. The 
three former were not of any ufe, as all the advantages 
gained by making them, were comprehended in the 
lait: being worthy however of prefervation, as mecha- 
nical curiofities, they are depofited in the Royal Ob- 
fervatory at Greenwich. The fourth machine, emphd- 
tically -diitinguifhed by the name of The time-keeper, 
was copied by the ingenious Mr, Kendal ; and that du- 
‘plicate, during a three years circumnavigation of the 
globe in the fouthern bemif{phere by captain Cook, an- 
fwered as well as the original. 
The latter part of Mr. Hairifon’s life was employed 
in making a fifth improved time-keeper, on the fame 
-principles with the preceding one; which, after a-tea- 
weeks trial, in 1772, at the king’s private obfervatory 
-at Richmond, erred only 43 feconds. Within a few 
years of hts death, his conflitution vifibly declined s 
-and he had frequent -fits of the gout, a diforder that 
i acrver 
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never attacked him before his 7pth year. His conftitu- 
tion at lat giclding to the infirmities of old age, he 
died at hisHoufe in Red-Lion Square, in 1776, at 83 
years of age. 

Like many other mere mechanics, Mr. Harrifon 
found a difficulty in delivering his fentiments in writ- 
ing (at leaft in the latter periods of his life, when his 
faculties were much impaired) in which he adhered toa 
peculiar and uncouth phrafeology. This was but too 
evident in his Defeription concerning fuch Mechanifm as 
will afford a nice or true Menfuratien of Time, 8c. 8v0, 
1775+ This (mall work includes alfo an account of his 


new mufical feale; bzing a mechanical divifion of the - 


octave, according to the proportion which the radius 
and diameter of the circle have refpe€tively to the cir- 
cumference. He had jn his youth been the leader of a 
band of church-fingers; had a very delicate ear for 
mufic; and his experiments on found, with a curious 
monochord of his own improvement, it has been faid 
were not lefs accurate than thofe he was engaged in for 
the menfvration of time. 

HAUTEFEUILLE (Jorn), an ingenious mecha- 
nicy bor® at Orleans in 1674. He made a great pro- 

refs ia mechanics in general, but had a particular talte 
Be clock-work, and made feveral difcoveries in it that 
were of fingular ufe. It was he it feems who found out 
the fecret of moderating the vibration of the balance by 
means of a fmall fteel-fpring, which has fince been made 
ufe of, This difcovery he laid before the members of 
the Academy of Sciences in 1694; and thefe watches 
are, by way of eminence, called pendulum-watches ; not 
that they have real pendulums, but becaufe they nearly 


approach to the juftnefs of pendulums. M. Boygene per. . 
fee 


ed this happy invention ; but having declared himfelf 
the inventor pidobuained a patent for making watches 
with fpiral fprings, the abbé Feuille oppofed the regif- 
tering of it, and publifhed a piece on the fubje&t againit 
Huygens, He died in 1724, at 50 years of age. ~ Be- 
fides the above, 

He wrote a great many other pieces, moft of which 
are {mall pamphlets, but very curious: as, 1. His Per- 
petual Pendulum. 2. New Inventions. 3. The Art 
ef Breathing under Water, and the means of preferving 
a Tlame fhut up in a Small Place. 4. Reflections on 
machines for Raifing Water. 5. His Opinion on the 
different Sentiments of Mallebranche and Regis, relat- 
ing to the Appearance of the Moon when feen in the 
‘Horizon. 6. The Magnetic Balance. 7. A Placet 
to the king on the Longitude. 8. Letter on the Se- 
cret of the Longitude. 9. A New Syftem on the 
Flux and Reflux of the Sea. 10, The means of mak- 
ing Senfible Experiments that prove the Metion of the 
Earth : and many other pieces. 

HAYES (Cuarues, Efq.), a very fingular perfon, 
whofe great erudition was fo concealed by his modefly, 
that his name is known to very few, though his publica- 
tions are many, He was born in 1678, and died in 1760, 
at 82 years of age. He became diftinguifhed in i704 
‘by a Treatife of Fluxions, in folio, being we believe the 
‘firlt treatife on that fcience ever publifhed in the Englifh 
language ; and the only work to which he ever fet his 
name. In 1710 came out a {mall 4to pamphlet, in 19 
poset, intitled, A New and eafy Method to find out the 

_ Longitude from obferving the Altitudes of the Celeftial 
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bodies. Allo, in 1723, he publithed, ‘The Moon, - 


. Crawford, and other chemical 
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Philofophical Dialogue ; tending to few, that the mogn 
is not an opaque body, but has native light offher own, 

To.a fkilk in the Greek and Latin, as well as the 
modern languages, he added the knowledge of the He- 
brew: and he publifhed feveral pieces tia to the 
tranflation and chronology of the {criptures, During 
a long courfe of years he had the chief management o 
the late African company, being annually ele@ted fub- 
governor. But on the diffolution of that eompany in 
1762, he retired to Down in Kent, where he gave him- 
felf up to fludy; from whence however he returned in 
1758, to chambers in Gray’s-iun, London, where he 
died in 1760, as mentioned above. 

He left a pofthumous work, that was publithed 
in 8vo, under the title of Chronographia Afiatica ct 
Begyptiaca Se. . 

HEAT, the oppofite to cold, being a relative term 
denoting the property of fire, or of thote bodies we de+ 
nominate hot; being in us a fenfation excited by the 
action of fire. 

Heat, as it exits in the hot body, or that which con- 
ftitutes and denominates a body hot, and enables it to 
produce fuch effects on our organs, is varioufly confi- 
dered by the philofophers: fome making it a quality, 
others a fubftance, and others only a mechanical affec- 
tion, ‘he former principle is laid down by Ariftotle 
and the Peripatetics. While the Epicureans, and other 
corpufcularians, define Heat not as an accident of fire, 
but as an effential power or property of it, the fame in 
reality with it, and only diflinguithed from it in the 
manner of our conception. So that Heat, on their prins 
nee is no other than the volatile fubftance of fire ite 
fclf, reduced into atoms, and emitted in a continual 
ftream from ignited bodies; fo as not only to warm the 
obje&ts within its reach, but alley if they be inflamma. 
ble, to kindle them, turn them into fire, and confpire 
with them to make flame. In effeét, thefe corpufcles, 
fay they, flying off from the ignited body, conftitute 
fire while yet contained within the {phere of its flame ; 
but when fled, or got beyond the fame, and difperfed 
every way, fo as to efcape the apprehenfion of the eye, 
and only to be perceived by the feeling, they take the 
denomination of Heat, inafmuch ag they excite in us 
that fenfation. ; ; 

The Cartefians, improving on this do@rine, affert 
that Heat confitts in a certain motion of the‘infentible 
particles of a body, refembling the motion by which the 
feveral parts of our body are agitated by the motion of 
the heart and blood, 

Our lateft and beft writers of mechanical, experi- 
mental, and chemical philofophy, differ very confider- 
ably about Heat. The chief difference is, -whether it 
be a peculiar property of one certain immutable body, 
called fire, or phiogilton, or eleGricity ; or whether it 
may be produced mechanicaliy in other bodies, by in- 


-ducing an alteration in their particles. The former 
‘.tenet, which is as ancient as, Democritus, and the fyf- 


tem of atoms, had given way to that of the Cartefians, 

and other mechanifts; but is now with great addrefs 

retrieved, and improved on, by fome of the latci 

writers, particularly Homberg, the younger Lemery, 

Gravefande, Boerhaave in his leGures on fire, Black, 
philofophers. 
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The thing called fire, according to Boerhaave, isa 
body fui generis, created fuch ab origine, unalterable in 
its nature and“properties, and not either producible de 
novo from any other body, nor capable of being re- 
duced into any other body, or of ceafing to be fire. 
This fire, he contends, is diffufed eqgably every where, 
_and exifts alike, or in equal quantity, in all the parts of 
fpace, whether void, or poffefled by bodies; but that 
naturally, and in itfelf, it is perfe@ly latent and imper- 
ceptible; being only difcovered by certzin effets which 
it produces, and which are cognizable by our fenfes. 
Thefe effefts are Heat, light, colour, rarefaction, and 

burning, which are all indications of fire, as being none 
of them producible by any other caufe : fo that where- 
ever we obferve any of thefe, we may fafely infer the 
aGtion and prefence of fire, But thonish the effect can- 
not be without the caufe, yet the fire may remain with- 
out any of thefe effects ; any, we mean, grofs enough to 
affeét our fenfes, or become objets of them: and this, 
he adds, is the ordinary ‘cafe ; there being a concurrence 
of other circumftances, which are often wanting, ne- 
ceffary to the produétion of fuch fenfible effects. 

The mechanical philofophers, particularly Bacon, 
Boyle, and Newton, conceive otherwife of Heat ; con- 
fidcring it not as an original inherent property of any 

sical fort of body ; but as mechanically producible 
inanybody. The former, in an exprefs treatife De Forma 
Calidi, from a particular enumeration of the feveral phe- 
nomena and effects of Heat, deduces feveral general pro- 
pertiesof it ; and hence he defines Heat, an expanfive un- 
‘dulatory motion in the minute particles of the body ; by 
which they tend, with fome rapidity, towards the circum- 
ference, and at the fame time incline a little upwards. 

Mr. Boyle, in a Treatife on the Mechanical Origin 
of Heat and Cold, ftrongly fupports the doétrine of 
the producibility of Klext, with new obfervations and 
experiments ; as in the inftance of a {mith brifkly ham- 
meting a {mall piece of iron, which, though cold be- 
fore, foon becomes exceedingly hot. 

This fyftem is alfo farther Fiore by Newton, who 
does not conceive fire as any particular {pecies of bedy, 
originally endued with fuch and fuch properties. Fire, 
according to him, is only a body much ignited, that is 
heated hot, fo as to emit light copioufly: what 
elfe, fays he, is red-hot iron but fire? and what elfe 
is a burning charcoal but red-hot wood ? or flame itfelf, 
but red-hot .{moke? It is certain that flame is only 
the volatile part of the fuel heated red-hot, i.e. fo 
hot as to fhine ; and hence only fuch bodies as are vo- 
latile, that is, fuch as emit .a copious fume, will flame ; 
nor will they flamclonger than they have fume to burn. 
In diftilling hot fpirits, if the head of the fiill be taken 
off, the afcending vapours will catch fire from a candle, 
and turn into a flame. And in the fame manner feve- 
ral bodies, much heated by motion, attritioh, fermen- 
tation, er the like, will emit lucid fumes, which, if 
they be copious enough, and the heat fufficiently great, 
will be flame; and the reafon why fufed metals do 
not flame, is the fmallnefs of their fume ; this is evident, 
becaufe fpilters which fumes moft copioufly, does like- 
wife fame. Add, that all flaming bodies, as oil, tal- 
low, wax, wood, pitch, fulphur, &c, by flaming, wafte 
and vanifh into burning fmoke. And do not all fixed 
bodies, when heated beyond a certaimdegree, emit light, 
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“and fhine? and is not this emiffion performed by the vi- 


brating motion of their parts? and do notyali bodies, 
which abound with terreftrial and fulphureous parts, 
emit light as often as-thofe parts are fufficiently agitat- 
ed, whether that agitation be made by external fire, or 
by friction, or percufion, or putrefaction, or by any 
other caufe? Thus, fea water, in a florm; quickfilver 
agitated in vacuo; the back of a cat, or the neck of 
a horfe, obliquely rubbed in a dark place ; wood, fleth, 
and fith, while they putrefy ; vapours from putrefying . 
waters, ufually called ignes fatui ; ftacks of mot bay or 
corn ; glow-worms ; amber and diamonds by rubbing ; 
fragments of fteel firuck off with a flint, &c, all emit 
light. Are not gros bodies and light convertible into 
one another? and may not bodies receive much of ther 
aGivity from the particles of light which enter their 
compofition? I know no body lefs apt to fhine than 


“water 5 and yet water, by frequent diftillations, changes 


into fixed earth, which, by a fufficient Heat, may be 
brought to hine like other-bodies. 

Add, that the fun and ftars, according to Newton’s 
conje@ture, are no other than great earths vehemently 
heated: for large bodies, he obferves, prefe.y: their 
Heat the longet, their parts heating: one another ; and 
why may not great, dene, and fixed bodies, when heated 
beyond a certain degree, emit light fo copioufly, as by 
the emiffion and reaétion of it, and the reflections and re- 
fraGtions of the rays within the pores, to grow {till hotter, 
till they arrive at fuch a period of Heat asis that of the 
fun’? Their partsalfo may be farther preferved from fum - 
ing away, not only by their fixity, but by the vaft weight 
and denfity of their atmofpheres incumbent on them, 
thus itrongly comprefiing them, and condenfing the 
vapours and exhalations acing from them. Hence we 
fee warm water, in an exhautted receiver, fhall boil as 
vehemently as the hotteft water open to the air; the 
weight of the incumbent atmofphere, in this latter cafe, 
keeping down the vapours, and hindering the ebullition, 
till it has conceived its utmolt degree of Heat. So 
alfo a mixture of tin and lead, put “on a red-hot tron 
jn vacuo, emits a fume and flame; but the fame mixes 
ture in the open air, by reiun of the incumbent atmo- 
{phere, does not emit the lealt fenfible flame. 

Thus much for the fyftem of the producibility of 
Heat. : 

On the other hand, M. Homberg, in his Effai du 
Scufre Principe, holds, that the chemical principle or 
element, fulphur, which is fuppofed one of the fimple, 
primary, pre-exifteat ingredients of all natural bodies, 
is real fire; and confequently that fire is co-eval with: 
body. Mem. de l’Acad. an. 1705. 

Dr. Gravefande goes upon much the fame principle. 
Accotding to him, fire enters the compolition of alt 
bodies, is contained in-all bodies, and may be feparated 
or procured from all bodies, by rubbing, them again& 
each other, and thus putting their fire in motion. But 
fire, he adds, is by no means generated by fuch motion. 
Elem. Phyf. tom. 2, cap. t, Heat, in the hot body, 
he fays, is an agitation of the parts of the body, 
made by means of the fire contained in it; by fuch 
agitation a motion. is produced ia our bodies, which 
excites the idea of Heat in our minds: fo that Heat,, 
in refpe&t of us, is nothing but that idea, and in the 
hot body nothing but motion. If fuch motion ore 

tae. 
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if'in a varjpus and irregular metion, only of Heat. 
Lemery, the younger, agrees with thefe two authors, 
in afferting this abfolute and ingenerable nature of fire 5 
but he extends it farther.. Not contented with confin- 
ing it as an element to bodies, he endeavours to thew, 
that it is equably diffufed through all {pace ; that it is 
prefent in all places, even in the void fpaces between 


. the bodies, as weil as in the infenfible interftices be- 


tween their parts. And this lat fentiment falls in with 
that of Boerhaave above delivered. Mem. de l’Acad. 
ans 1713. 

Philofophers have lately diftinguifhed Heat into 
Abfolute, and Senfible. By ‘Abldute Heat, or fire, 


. they mean that power or element which, when it is 


in a certain degree, excites in animals the fenfation of 
Heat; and by Senfible Heat, the fame power confider- 
ed in its relation to the effe&s which it produces : thus, 
two bodies are faid to have equal quantities of fenfible 


Heat, when they produce equal effe@s upon the mer- , 


cury in the thermometer; but as bodies of different 
kinds have different capacities for containing Heat, the 
abfolute Heat in fuch hodies will be different, though 
the fenfible Heat be the fame. ‘Thus, a pound of water 
and a pound of antimony, of the fame temperature, 
have equal fenfible Heat; but the former contains a 
much greater quantity of abfolute Heat than the latter, 

M. De Luc has evinced, by a variety of experiments, 
that the expanfions of mercury between the freezing 
and boiling points of water, correfpond precifely to the 
quantities of abfolute Heat applied, and that its con- 
tra&tions are proportionable to the diminution of this 
element within thefe limits. And from hence it may 
be inferred, that if the mercury were to retain its Suid 
form, its contractions would be. proportionable to the 
decrements of the abfolute Heat, though the diminu- 
tion were continued to the point of total privation, 
But the comparative quantities of abfelute Heat, which 
are communicated to different bodies, or feparated from 
them, cannot be determined inva dire&t manner by the 
thermometer, 

Some philofophers have apprehended that the quans 
tities of abfolute Heat in bodies, are in proportion: to 
their denfities, While others, as Boerhaave, imagined 
that Heat is equally diffuled through all bodies, the 
denfett as well asthe rarett, and therefore that the quan- 
tities of Heat in bodies are in proportion to their bulk 
or magnitude: and, at his defire, Fahrenheit attempted 
to determine the fact by experiment. For this: pur- 
pofe, he took equal quantities of the fame fluid, and 
gave them different degrees of Heat, then upon mixing 
them intimately together, he found that the tempera- 
ture of the mixture was a juft medium, or arithmeti- 
cal mean, between the two. But if this experiment be 
made with water and mercury, in the fame eircum- 
flances, viz in equal bulks, the refult will be different, as 
the temperature of the mixture willnot be a mean between 
the two, but always nearer to that’ of the water than 
to the quickfilver ; fo that, when the water is-the hot- 
ter, the temperature of the mixture is above the mean, 
and below it when-the water is the colder. And from 
experiments. of this kind it has been inferred, that the 
comparative quantities of the abfolute Heats of thefe 
fluids, are reciprocally proportional to the changes which 
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are produced in their fenfible Heats, wher they. are- 
mixed together at different temperatures: and this fact’ 
has been publicly taught, for feveral years, by Dr. 

Black, and Dr. Irvine, in the univerfities of Edinburgh. 
and Glafgow. ‘This rule however does not apply -to 

thofe Tabltances which, in mixture, excite fenfible Heat 
by chemical ation. 

From the experiments and reafoning employed by” 
Dr. Crawford, it more fully appears, that the quanti-- 
ties of abfolute Heat in different bodies, are not as their 
denfities ; or that’ equal weights of heterogeneous fub-- 
flances, as air and water, having the fame temperature,- 
may contain unequal quaatitics of abfolute Heat; he 
alfo thews, that: if phlogifton be added to a body, a 
quantity of the abfolute Heat of that body will be ex- 
tricated ;. and if the phlogifton be feparated again, an 
equal quantity of Heat will be abforbed. So that Heat 
and phlogifton appear to be two oppofite principles in. 
nature. But this ingenious writer has not prefumed - 
abfolutely to decide the queftion that has been long agi-. 
tated, whether Heat be a fubftance or a quality.— 
He inclines to the former Opinion however, and ob- 
ferves, that if we adopt the opinion, that Heat is a dif-- 
tin fubflance, or an element fui generis, the pheno- 
mena will be found to admit-of a fimple and obvious in-- 
terpretation, and to be perfeétly agreeable to the ana~ 
logy of nature, See Crawford's Experiments and Ob-- 
fervations on Animal Heat and the Inflammation of 
Combuttible Bodies. - 

Animal Hear, The Heat of animals. is very vari- 
ous, both according to the variety of their kinds, and. 
the difference of the feafons: accordingly, zoologitts. 
have divided them into hot and cold blooded, reckoning; 
thofe to be hot that are near or above our own tempera- 
ture, and all others cold whofe Heat is below ours, and. 
confequently affe€&t us with the fenfe of cold; thus 
making the human {pecies a medium between the hot 
and cold blooded animals, or at leaf the loweft order 
ef the hot blooded. 

The Heat of the human body, in its natural ftate, 
according to Dr. Boerhaave, is fuch as to raife the 
mercury in the thermometer to g2° or at molt to 94°; 
and Dr. Pitcairn makes the heat of the human {kin the 
fame. Indeed it is evident that different parts of the 
human body, and its different ftates, as well.as the difs 
ferent feafons, will make it fhew of different tempera- 
tures. Thus, by various experiments at different times, 
the Heat of the human body. is made various. by the 
following authors : ¢ 2 











Boerhaave and Pitcairn - - 92° 
Amontons - - - 935-92, oF 93 
Sir [aac Newton - - - 95E 
Fahrenheit'and Maffchenbroek, the blood, 6 
Dr. Martine, the fkin - 97 or 98 
———, the urine ~ - 99 
Dr. Hales, the fin - - 97 
- » the urine - - 103 
Mr, John Hunter, under his tongue, 97 
_— —, in his rectum - 98k 
» his urethra at. r-inch, gz 
at 2: incheg,. 93 


at 4 inches, 
the ball of the thermom, at the bulb ] 
of the urethra - 77 
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«> For the-powers of animals to bear various degrees of 
Heat, fee the Philof. Tranf, vol: 65, 68, &c. 

There is hardly any fubje& of philofophical invelti- 

tion that has afforded’ a greater variety of hypothe- 
E conjectures, and experiments, than the caufe of ani+ 
mal Heat. Thofirft opinion which has very generally 
obtained, is, that the Heat of anima! bodies ts owin 
to the attrition bztween the arteries and the blood. A 
the obfervations and reafoning brought in favour of 
this opinion however, only fhew that the Heat and the 
motion of the arteries are generally propertional to each 
other ; without fhewing whichis the caufe, and which 
the effet; or indeed that either is the caufe or effect 
of the other, fince both may be the effects of fome other 
caufe. 

Dr, Douglas, in his Eflay on the Generation of Heat 
in animals, afcribes it folely to the friétion of the globules 
of blood in their circulation through the capillary vef- 
fels. 

Another opinion is, that the Jungs are the fountain 
of Heat in the human body: and this. opinion is fup- 
ported by much the fame fort of arguments as the for~ 
mer, and feemingly to little better purpofe. 

A third opinion is, that the caufe of animal Heat is 
owing to the action of the folid parts upon one another, 
And as the heart and arteries move moft, it has been 
thought natural to expect that the Heat thould be ow- 
ing to this motion. But even this does not feem very 
plaufible, from the following confiderations: 1f, The 
moving patts, however we term them folid, are neither 
hard nok dsy ; which two conditions are abfolutely re- 
quifite to make them fit to generate Heat by attri- 
tion. 2d, None of their motions are {wift enough to 
promife Heat in this way. 3d, They have but little 
change of furface in their attritions. And 4thly, The 
moveable fibres have fat, mucilage, or liquors everyway 
furrounding them, to prevent their being deftroyed, or 
heated by attrition, 

A fourth caufe affigned for the Heat of our bodies, 
is that procefs by which our aliment and fluids are per- 

etually undergoing fome alteration. And this opinion 
is chiefly fupported by Dr. Stevenfon, inthe Edinburgh 
Medical Effays, vol. 5, art- 77+ 

The late ingenious Dr. Franklin inclines to this opi- 
nion, when he fays, that the fluid fire, as well as the 
fluid air, is attraGted by plants in their growth, and 
becomes confolidated with the other materials of which 
they are formed, and makes a great part of their fub- 
ftance; that when they come to be digefted, and to 
undergo a kind of fermentation in the veffels, part of 
the fire, as well as part of the air, recovers its fluid ac- 
tive flate again, ahd diffufes itfelf on the body digefting 
and feparating it ; &c. Exper. and Obf. on Eleétrici- 
ty, pe 346. r . . 

Dr. Mortimer thinks the Heat of animals explica- 
ble from the phofphorus and air they contain, Phof- 

phorus exifts, at leait in a dormant ftate, in animal 
fluids ; and it is alfo known that they all contain air; 
it is therefore only neceflary to bring the phofphoreal 
and aereal particles into conta&t, and Heat muft of con- 
fequence be generated ; and were it not for the quantity 
of aqueous humours in animals, fatal accenfions would 
frequently happen. Philof, Tranf, number 476, 

Dr. Black fuppofes, that animal Heat is generated 
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altogether in the lings, by the aétion of the air on the 
principle of inflammability, and is thence diffufed over 
the reit of the body by means of the circulation, But 
Dr. Leflie urges feveral arguments againit this hypothe- 
fis, tending to fhew that it is repugnant to the known 
laws of the animal machine ; and he advances another 
hypothefis inftead of it, viz, that the fabtle principle by 
chemifts termed phlogiften, which enters into the com- 
pofition of natural bodies, is in confequence of the action 
of the vafcular fyftem gradually evolved through every ” 
part of the animal machine, and that during this evo- 
lution Heat is generated. This opinion, he candidly 
acknowledges, was firft delivered by Dr. Duncan of. 
Edinburgh; and that fometking fimilar to it is to be 
found in Dr. Franklin’s works, and in a paper of Dr. 
Mortimer’s in the Philof. Tranf. 

The Jait hypothefis we fhall mention, is the very 
plaufible one of Dr. Crawford, lately publithed in his Ex- 
periments and Obfervations on Auimal Heat. ‘This ix- 
genious gentleman has inferred, from a variety of expe- 
riments, that Heat and phlogifton, fo far from being 
conneéted, as moft philofophers have imagined, a@ in 
fome meafure in oppofition to each other. By the 
ation of Heat on bodies, the force of theirattraGtion of 
phlogifton is diminifhed, and by the adtion of phlogifton, 
a part of their abfolute Heat is expelled. He hus alfo de- 
monttrated, that atmofpherical air contains a greater 
quantity of abfolute Heat than the air which is expired 
from the lungs of animals: he makes the proportion 
of the abfolute Heat of atmofpherical air to that of fixed 
air, as 67 to 15 and the Heat of dephlogifticated air to 
that of atmofpherical air as 4°6 to 1;-and obfervin 
that Dr. Prieftley has proved, that the power of this 
dephlogifticated air in fupporting animal life, is 5 times 
as great as that of atmofpherical air, he concludes 
that the quantity of abfolute Heat contained in any 
kind of air fit for refpiration, is very nearly in propor= 
tion to its purity, or to its power of fupporting animal 
life ; and fince the air exhaled by refpiration, ts found 
to contain only the 67th part of the Heat which was 
contaiued in the atmofpherizal air, previous to infpira- 
tion, it is very reafonably inferred, that the latter muft 
neceflarily depofit a very great proportion of its abfolute 
Heat in the lungs. Dr. Crawford has alfo thewn, that 
the blood which pafles from the lungs tu the heart, by 
the pulmonary vein, contains more abfolute Heat than 
that which paffes from the heart to the lungs, by the 
pulmonary artery ; the abfolute Heat of florid arterial 
blood being to that of venous blood, as 111 to 10: 
therefore, fince the blood which is returned by the pul- 
monary vein to the heart has the quantity of its ab- 
folute Heat increafed, it muft have acquired this Heat 
in its paflage through the lungs; fo that in the procefs 
of refpiration a quantity of abfolute Heat is feparated 
from the air, and abforbed by the blood. Dr, Prieft- 
ley has alfo proved, that in re{piration, phlogifton is fe- 
parated from the blood, and combined with air. 

This theory however has been conteited and difput- 
ed, and, it has been faid, Dr. Crawford’s experiments 
repeated, with contrary refults, Though no regular 
re fyftematical theory has yet been foreaed in ite 
_ Hear of Combuflible and’ Inflanmable Bodies. Dr. 
Crawlord’s theory with refpeét to the inflammation of 

com- 
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eomballible bodies, is founded on the fame aad ea 
‘as his doGrine concerning the Heat of animals, Ac- 
cording to. him, the Heat which is produced by com- 
buttion, is derived from the air, and not from the inflam- 
mable body. Inflammable bodies, he fays, abound with 
phlogifton, and contain little abfolute Heat : the atgao- 
phere, on the contrary, abounds with abfolute Heat, and 
contains little phlogifton. In the procefs of inflamma- 

, tion, the phlogifton is feparated from the ififlammable 
body, and combined with the air; the air is phlogifti- 
cated, and gives off a great proportion of its abfolute 
Heat, which, when extricated fuddenly, burfts forth in- 
to flame, and produces an intenfe degree of fenfible 
Heat. And fince it appears by calculation, that the 
Heat produced by converting atutofpherical into fixed 
air, is fuch, if it were not diffipated, as would be fufii- 
cient to raife the air fo changed, to mors-than 12 times 
the Heat of red-hot iron, it follows, that in the procefs 
of inflammation a very great quantity of Heat is derived 
from the air. But, on the contrary, no part of the 
Heat can be derived from the combuttible body ; be- 
caufe this body, during the inflammation, being de- 
prived of its phlogifton, undergoes a change fimilar to 
that of the blood bythe procels of refpiration, in con- 
fequence of which its capacity of containing Heat is 
increafed ; and therefore it will not give off any part 
of its abfolute Heat, but, like the blood in its pallage 
through the lungs, it will abforb Heat. 

A fimilar theory of Heat has lately been publithed 
‘by Mr. Elliot. See his Philofophical Obfervations on 
the fenfes of Vifion and Hearing ; to which is added an 
Effay on Combuftion and Animal Heat, 8vo, 1780. 

Hear, in Geography, is that which-relates to the 
‘earth, There is a great variety in the Heat of differ- 
vent places and feafons, Naturalifis have commonly laid 
it down, that the nearer any place is to the centre of 
the earth, the hotter it is found; but this does not 
hold ftriétly true. And if it were, the effe& might be 
otherwife accounted for, and more fatisfaGtorily, than 
from their imagined central fire. 

Mr. Boyle, who had been at the bottom of fome 
mines himfelf, with mare probability fufpe@s that this 
degree of Heat, at leaft in fome of them, may arife 
from the peculiar nature of the minerals there produ- 
ced. And he inflances a mineral of the vitriolic kind, 
dug up in large quantities, in feveral parts of England, 
which, by the bare effufion of common water, will grow 
fo hot as almolt to take fire. To which may be add- 
ed, that fuch places, in the bowels of the earth, ufually 
feel hot, from the confined and flagnant ftate of the 
air in them, in which the heat is retained, through 
the want of a current or change of air to carry the 
Heat off. 

On the other hand, on afcending high mountains, the 
air grows more and more cold and piercing. ‘Thus, 
the tops of the Pike of Teneriffe, the Alps, and feveral 
other mountains, even in the mot faltry countries, are 
found always invefted with fnow and ice, which the Heat 
is never fufficient to thaw. In fome of the mountains 
of Peru there is no fuch thing as running water, but 
all ice: plants vegetate a little about the bottom of the 
mountains, but near the top no Vegetable.can live, for 
the intenfenefs of the celd. ‘This effe& is attributed to 
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the thinnefs of the air, and the little furface ef the 
earth there is to reflect the rays, as well as the great 
diitance of the general furface of the earth which rey 
lets the rays back into the atmofphere, 

As to the diverfity in the Heat of different climes 
and feafone, it arifes from the different angles undér 
which the fun’s rays ftrike upon the furface of the 
earth, In the Philof. Tranf. Abr. vol 2, p. 195, Dr. 
Halley has given a computation of this ‘deat, on the 
principle, that the fimple aétion of the fuo’s ways, like 
other impulfes or {trokes, ig more or lefs forcible, ace 
cording to the fines of the angles of incidence, or to 
the fines of the fun’s altitudes, at different times or 
places. 

Hence it follows, that, the time of continuance, ar 
the fun’s fhining on any place, being taken for a bafis, 
and the fines of the fun’s altitudes perpendicularly erece 
ted upon it, and a curve line drawn through the extremi- 
ties of thofe perpendiculars, the area thus comprehend- 
ed will be proportional to the colleétion of all the Heat 
of the fun’s beams in that {pace of time. 

Hence it will likewife follow, that at the pole, the 
collection of all the Heat of a tropical day, is propor- 
tional to the rectangle or produét of the fine of 233 des 
grees into 24 hours, or the circuntference of a circle, ‘or 
as 4% into 12 hours, the fine of 234 degrees being 
nearly of radius. Or the polar Heat will be equal 
to that of the fun continuing 12 hours above the hori« 
zon at $3 degrees height; and the fun is not 5 hours 
more elevated than this under the equinodtial, 

But as it is the nature of Heat to remain in the 
fubje@, after the liminary is removed, and particularly 
in the air, under the equinodtial the 12 hours abfence 
of the fun abates but little from the effeét-of his Heat 
in the day ; but under the pole, the long abfence of 
the fun for 6 months has fo chilled the air, that it is in 
a manner frozen, and after the fun has rifen upon the 
pole again, it is tong before his beams can make any 
impreflion, being obitruéted by thick clouds and fogs. 

From the foregoing principle Dr. Halley computes 
the following table, exhibiting the Heat to every roth 
degree of latitude, for the equinoctial and trepical fun, 
and from which an eftimate may cafily be made for 
the intermediate degrees. 

























Lat. Sign that the Sun isin, 
%P or BS W 

© | 20000 | 18341 | 18341 
to | 19696 | 20290 | 15834 
20 | 18794 | 21737 | 13166 
30 | 17321 | 22661 | 10124 
40.) 15321 | 23048 | 6944 
50 | 12855 | 22991 | 3798 
60 | 100090 | 22773 1075 
qo | 6840 | 23543 .0, 
80 | 3473 | 24673 ° 
© | 25055 ° 


From the fame principles, and table, alfo ave deduced 
‘the following: covollavies, viz, = 
4, That 
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“1, That the equatorial Heatywhen the fin becomes 
vertical, is as twice the fquare of the radius.--2, That 
at the equator the Heat is as the fine of the fun’s 
-declination..—3, That in the frigid zones, when the fun 
fets not, the Heat is as the circumference of acircle in- 

“tothe fine of the altitude at 6: ‘And confequently 
that in the fame latitude, thefe aggregates of Heat are 
as the -fines of the fun’s declination ¥ and at the fame 
declination of the fun, they are as the fines of the lati- 
tudes; and gefierally they are as the'fines of the la- 

“titudes into the fines of declination.4, That the 
equatorial day’s Heat is everywhere as the cofine of 
the latitudes, In all places where the fun fets, 
the difference between the fummer and winter Heats, 
when the declinations are contrary, is equal to a circle 
into the fine of the altitude at 6, in the fummer pa- 
yallel ; and confequently thofe differences are as the 
reCtangles of the fines of the latitude and declination. 
—6, Thetropical fun has the leaft force of any at the 
‘equator ; and at the pole it is greateft of all. 

Many objeétions have been urged againft this theory 
of Dr. Halley. Some have objected, that the effe& of 
the fun’s Heat is not in the fimple, but in the duplicate 
ratio of the fines of the angles of incidence ; like the 
‘law of the impulfe of fluids. And indeed, the quantity 
of the fun’s direét rays received at any place, being 
evidently as the fine of the angle of incidence, or of the 
fun’s altitude, ifthe Heat be alfo proportional to the 
‘force with which a yay ftrikes, like the mechanical ac- 
tion or impulfe of any body, then it will follow that the 
“Heat mui be in the compound ratio of both, that is, 
as the fquare of the fine of the fun’s altitude. But this* 
lait principle is here only affumed gratis, as we do not 
know a priori that the Heat is proportional to the 
force of a ftriking body ; and it is only experiment that 
-can determine this point, . 

It is certain that Heat communicated by the fun to 
bodies on the earth, depends alfo much-upon other cir- 
cumftances befide the direét force of his rays. Thefemuaft 
be modified by our atmofphere, and varioufly reflected 
and combined by the aétion of the earth’s furface itfelf, 
to produce any remarkable effeéts of Heat, So that ifit 
avere not for thefetadditional circumftances, it is probable 
the naked Heat of the fun would not be very fenfible. 

Dr, Halley himfelf was well apprifed, that many other 
circumftances, befides the dire@ force of the fun’s 

_ rays, contributed to augment or diminith the effect of 
this, and the Heat refulting from it, in different cli- 
mates; and therefore no calculation, formed on the 
preceding theory, can be fuppofed to correfpond exa&ly 
with eblerration and experiment. It has alfo been 
objeéted that, according to the foregoing theory, the 

reateft Heat in the fame place thould be at the fummer 
Eiftice, and the moft extreme cold at the winter folftice s 
which ig contrary to experience. ‘To this objection it 
may be replied, that Heat is not produced in bodies 
by the fun inftantaneoufly, nor do the effects of his 
Heat ceafe immediately when his rays are withdrawn ; 
and therefore thofe parts which are once heated, retain 
the Heat for fome time; which, with the additional 
Heat daily imparted, makes it continue to increafe, 
though the fun, declines from us: and this is the rea- 


fon why July is hotter than June, although the fun has 
5 
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withdrawn from the fummet tropic: as we ao find it 
is generally hotter at one, two, or three inthe afters 
noon, when the fun has declined towards the weft, than 
at noon, when he ig on the meridian. As long as 
the heating particles, which: aré conitantly received, 
ar&more numerous than thofe which fly away or lofe 
their “force, the Heat of bodies muit continually in- 
creafe. So, after the {un has left the tropic, the num- 
ber of particles, which Heat our atmofphere and earth, . 
conftantly increafes, becaufe we receive more in the 
day than we lofe at night, and therefore our Heat muft 
alfo increafe. But as the days decreafe again, and the 
aétion of the fun becomes weaker, more particles will 
fly off in the night time than are received in the day, 
by which means the’earth and air will gradually cool. 
Farther, thofe places which are well cooled, require 
time to be heated again; and therefore January is 
moftly colder than December, although the fun. has 
withdrawn from the winter tropic, aad begun to emit 
his rays more perpendicularly upon us. 

But the chief caufe of the difference between the 
Heat of fummer and winter is, that in fummer the rays 
fall more perpendicularly, and pafs through a lefs dente 
part of the atmofphere; and therefore with greater 
force, or at leaft in greater number in the fame place: 
and befides, by their long continuance, a much greater 
degree of Heat is imparted by day than can fly off 
by night. 

For the calculations and opinions of feveral other 
philofophers on this head, fee Keill’s Aftron, Le&. 3 5 
Fergufon’s Aftron. chap. 10; Long’s Aftron. § 7775 
Memo. Acad. Scienc. 1719. i 

As to the temperature or Heat of our atmofphere, 
it may be obferved that the mercury feldom falls under 
16° in Fahrenheit’s thermometer ; but we are apt to 
reckon it very cold at 24°, and it continues coldith to 
40° and a little above. However, fuch colds have been 
often known as bring it down to c®, the beginning of 
the fcale, or nearly the cold produced by a mixture of 
{now and falt, often near it, and in fome places be- 
low it. Thus, the degree of the thermometer has been 
obferved at various tumés and places as follows: 


Thermom. 


Places Latit. Year 

Penfylvania 40° Of, = 1732 5° 
Paris 48 50 © 1709 & 1710 8 
Leyden 52 10 1929 5 
Utrecht 5z 8 —_— 4 
London Si 31 1709 & 1710 ° 
Copenhagen §5 43 1709 ° 
Upfal 59 56 1732 -! 
Peterfburg 5956 = —— —28 
Torneo 65 51 1736- ~ 

Hudfon’s Bay 52 24 ee : i 


The middle temperature of our atmofphere is about 
48°, being nearly a medium of all the talots The 
French make it fomewhat higher, reckoning it equal 
to the cave of their royal obfervatory, or 53°. In cold 
countries, the air is found agreeable endugh to the in- 
habitants while it is between qo and 50°. In our cli- 
mate we are bett pleafed with the heat of the air from 
50 to 60°; while in the hot countries the air is gene 
rally at a medium about 70°. With us, the air is not 

reckoned 


t 
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reckeneds warm till it arrives at about 64°, and it is 
very warmy and fultry at 8c°% It isto be noted that 


the foregoing obfervations are to be underftuod of the | 


ftate of the air in the fhade ; for as to the Heat of bo- 
dics a€ted upon by the dire& rays of the fun, it is 
much greater: ‘thus, Dr. Martine found dry earth 
heated to above 120°; bet Dr. Hales found a vey hot 
fun-fhine Heat in 1727 to be about 140°; and Muff- 
-chertbrock once obferved it To high as 150°; but at 
Montpelier the {un was fo very hot, on one day in the 
year 1705, 28 to raife M. Amontons’s thermometer to 
the maik of boiling water itfelf, which is our 212% 

It appears from the regifler of the thermometer kept 
at London hy Dr. Heberden for 9 years, viz, from the 
end of 1763 to, the end of 5772, that the mean Heat at 
8 in the morning was 47°-4 ; and by another regifler 
kept at Hawkhill, near Edinburgh, that the mean Heat 
in that place, during the fame period of time, was 46°. 
Alfowby regifters kept in London and at Hawkhill, for 
the three years 1772, 1773, 1774, it appears, that the 
mean Heat of thele three years in London, a8 in the 
morning, was 48° 5, and at 2 in the afternoon 56°, but 
the mean of both morning and afternoon 52°25; while 
the mean Heat at Hawkhill for the fame time, 


at 8 in the morning was 454 
and at 2 in the afternoon 5o'k 
and the mean of both ATT 


The mean Heat of fprings near Edinburgh feems to 
be’ 47°, and at London 51%. Philof. Tranf. vol. 65, 
art. i. ‘ 7 

Latiy, from the peor conn of the Royal 
Society, publithed in the Philof. Tranf. it appears that 
the mean heights of the thermometer, for the whole 
years, kept without and within the houfe, are as below : 


Therm, Without | Therm, Within - 
For 3775 505 52°7 
1776 gtr $2°9 
1977 510 §3°0 
1778 520 | 53°! 
mean of all sity 52°9 : 


HEAVEN, an azure tranfparent orb invefting our 
earth, where the celeftial bodies perform their motions, 
It is of divers denominations, as the higheft or empy- 
rean Heaven, the etherial or ftarry Heaven, the pla- 
wetery Heaven, &c, 

Formerly the Heavens were confidered as folid fub- 
flances, or elfe as fpaces full of folid matter ; but New- 
ton has abundantly fhewn that the Heavens ere void 
of almoft all refiftance, and confequently of almoft all 
matter: this he proves from the phenomena of the ce- 
leftial bodies; from the planets perfifting in their mo- 
tions, without any fenfible diminution of their velocity ; 
aud the comets freely pafling in all dire@ions towards 
all parts of the Heavens. 

eaven, taken in this general fenfe, or the whole 
expanfe between our earth and the remoteft regions of 
the fixed ftars, may be divided into two very unequal 
parts, according to the matter occupying them ; viz, 
the atmofphere or aereal Heaven, poffeffed by air ; and 
the ethereal Heaven, poffefled by a thin and unrefifting 
medium, called ether. : 
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Hegve& is more particularly ufed, in Attronomy,’ 
for an orb, or circular région, of the ethereal Heaven. 
The ancient aftronomers affumed as many different 
Heavens as they obferved different celeftial motions, 
All thefe they made folid, thinking they could not 
otherwife fuftain the bodies fixed in ‘them ; and of a. 
fpherical form, as being the moft proper for motion. 
Phus they had feven Heavens for the feven planets 5. 
viz, the Heavens of the Moon, Mercury, ‘Venus, the 
Sun, Mars, Jupiter, and Saturn. The Sth was for 
the fixed ftars, which they particularly called the firma- 
ment. Ptolomy added a gth Heaven, which he called 
the primum mobile, After him two cry ftalline Hea- 
vens were added by king Alphonfusy &c, to account 
for fome irregularities in the motions of the other Hea- 
vens. And laftly an empyrean Heaven was drawn over 
the whole for the refidence of the Deity ; which made 
the number 12. 

Bat others admitted many other Heavens, according 
as their different views and hypothefes required, Eue 
doxus fuppofed 23, Calippus 30, Regiomontanus 33, 
Ariftotle 47, and Fracattor no lefs than 70. 

The aftronomers however did mot much concern 
themfelves whether the Heavens they thus allowed, 
were real or noty provided they ferved a purpofe in 
accounting for any of the celeftial motions, and agreed 
with the phenomena. . : 

HEAVINESS, the fame as Gravity, which fee. 

Heavy bodies do not tend precifely to the veyy cone 
tre of the earth, except at the poles, and the equator, 
on account of the {pheroidal fignre of the earth ; their 
direGtion being every where perpendicular to the furface 
of the fpheroid. oe, . ¥ : 
; HEGIRA, aterm in Chronology, fignifying the 
epoch, or account of time, ufed by the lahomedans, 
who begin their computation from the day that Ma- 
homet was forced to make his efcape from the city of 
Mecca, which happened on Friday the 16th of July Gaz. 

The years of the Hegira are lunar ones, coniifting 
only of 354 days. Hence, to reduce thefe years to the 
Julian calendar, that ig, to find what Julian year a given 
year of the Hegira anfwers to: reduce the year of the 
Hegira into days, by, multiplping by 354, divide the 
produ& by 3654, and-to the quotient add 622, the 


year the Hegira comipenced. 
HEIGHT, the ie dimenfion of a body, confidér- 


ed with regard to itg€levation above the ground. 

Heteut, of a figure, the fame as its altitude, being 
the perpendicular from its vertex to the bafe. 

Heicur of the Pole, &&. See Altitude of the 
Pole, &c. . ‘ 

HELIACAL, fomething wemiting to the fan. Thus, 

Hexracav Rifng, of a ftar or planet, is when it rifes 
with, or at the fame time, as the fun. And Heliacal 
fetting, the fame as the fetting with the fun, 

Or, a flar rifes Heliacally, when, after it has been 
in conjunétion with the fun, and fo inviltble, it gets at 
fuch a diftance from him-as to be feen in the morni; 
before the fun’srifing. And it is faid to fet Heliacally, 
when it Apeteaces fo near the fun as to be hid by his. 
beams. So that, in ftrictnefs, the Heliacal rifing ant 
fetting are only an apparition and occultation. 

HELICE Major and Minor ; the fame as Urfe Ma- 
jor and Minor, 
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HELICOID Parabola, or the Parabolic Spiral; is 2 
curve arifing ftom the fappofitton that the common or 
Apollonian parabola is bent or twilted, till the axis come 
into the’ periphery of a circle, the otdinates fill retain- 
ing theirplaces and perpendicular pofitions with refpect 
to the circle, all thefelines fill remaining in the fame 
plane, Thus, the axis of a parabola being bent inte 
the circumference BCDM, and the ordinates CF, DG, 
&c, {till perpendicular to it, then the parabola itfelt, 
pafling through the extremities of the ordinates, is 
twifted into the curve BFG, &c, called the Helicoid, or 
Parabolic Spiral. 





‘Hence all the ordinates CF, DG, &c, tend to the 
eentre of the circle, being perpendicular to the gjreum- 
ference —- : 

Alfo, the equation of the curve remains the fame 2s 
when it was a parabola; viz, putting x == any circu- 
lar‘abfeifs BC, and y = CF the correfponding ordinate, 
ia is px =y*, where p is-the parameter of the para- 

la. - 

HELIOCENTRIC Place of a Planet, is the place 
in which a planet would appear to be when viewed from 
the fun ; or the point of the ecliptic, in which a planet 
viewed from the fun would appear to be. And there- 
fore the Heliocentric place coincides with the longi- 
tude of a planet viewed from the fun. 

Heviocentaic Latitude of a Planet, is the inclina- 
tion of the line drawn between the centre of the fun and 
the centre-of a planet, to the plane of the ecliptic. The 
freateft Heliocentric Latitude is equal to the inclina- 
tion of the planet’s orbit to the plase of the ecliptic. 

HELIOCOMETES, Comet of the Sun, a phe+ 
nomenon fometimes obferved.at the fetting of the fun 5 
thus denoneinated by Sturmius and Pylen, who had 
feen it, becaufe it feems to make a comet of the fun, 
being a large tail, or column of light, fixed or hung to 
that luminary, and dragging after it, at its fetting, hke 
the tail of a comet. 

HYELIOMETER, or Astrromerer; an inftrument 
for meafuring, with particular exaéinefs, the diameters 
of the fun, moon, and ftars. 7 

‘Fhis| mftrument was invented by M. Bouguer in 
1747, and is a kind of telefcope, confifting of two ob- 
je glaffes of equal focal diftance, placed by the fide 
ef cach other, fo that the fame eye-glafs ferves for both. 
The tube of this inftrument is ofa conical form, larger 
at the upper end, which receives the two objed plalies, 
than at the lower, which is furnifhed with an eye-glafs 
and micrometer. By the contruction of this inftruament,, 
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two difting& images of an objeé are formed ip the fous 
of the cye-glafs, whofe diftance, depending on that of 
the two obje@t-glaffes from one another, may be mea- 
{ured with great accuracy. Mem, Acad. Sct. 1748. . 

Mr. Servington Savery difcovered a fimilar method 
of improving the micrometer, which was communicated 
to the Royal Society in 1743. . 

HELIOSCOPE, a kind of telefcope peculialy 
adapted for viewing and obferving the fun without - 
hurting the eye. . 

There are various kinds of this inftrument, ufually 
made by employing coloured glafs for the obje& or eye- 
glafs, or both; and fometimes only ufiug an eye-glafa 
blacked by holding it over the fmoke or flame of a 
lamp or candle, which is Huygens’s way—See Dre 
Hooke’s treatife oa Heliofcopes. 

HELIOSTATA, an intrument invented by Dre 
Gravefande, and fo called from its property of fixing 
the fun-beam in one pofition, viz, in a horizontal direc- 
tien acrofs the dark chamber while it is ufed. See 
Gravefaffde’s Phyfices Element. Mathematica, tom. 2, 
p- 715 ed. 3tia 1742, for an account of the principles, 
conftruétion and ufe of this inftrument, j 

HELISPHERICAL Line, isthe Rhumb-line in 
Navigation ; being fo called, becanfe on the globe it 
winds round the pole helically or fpirally, coming ftill 
nearer and nearer to it. 

HELIX, a on line. See Srrrar. 

HEMISPHERE, the half of a {phere or globe 
when divided in two by a plane paffing through its 
centre, . 

Hemifphere is alfo ufed for a map or projeétion of 
half the terreftrial globe, or of half the celeftial fphere, 
= a plane; being more frequently called a plani- 
[phere. 

The centre of gravity of a Hemifphere, ie five-eighths 
of the radius diftant from the vertex. 

A glafs Hemifphere unites the parallel rays at the 
diftance of four-thirds of « diameter from the pole of 
the glafs. 

HEMITONE, in Mufic, a half note. 
HENDECAGOW, a figure of eleven fides, or the 
Endecagon ; which fee. i 
HENIOCHAS, or Henrocuus, a northern conftel- 

lation, the fame as Auriga, which fee. : 

HEPTAGON, ia Geometry, a figure of feven fides 
and feven angles.—When thofe fides and angles are alk 
equal, the. Heptagon is faid to be regular, otherwife it is 
irregular. 

In a regular Heptagon, the 
angle Cat thecentre is = 51°}, 
the angle DAB of the poly- 
gon is = 128°}, and its half 
CAB = 64°93. Alfo the area 
ia = the fquare of the fide 
AB? x 3°6339124 or = 
AB? x 3 ¢, wheres is the tan- 
gent of the angle CAB of A B. 
64°% to the radius 1; or ¢ is. : 
the root of the equation ; : 
Ft — 217° fb 143t8 — 245064 145¢4 26 - Lom Op oF 
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where 


HER 
where the value of x and y are-the roots of the equations 


28 me a bj? a = 0, 
Se Ey + fy — ge =O 
Sea Menfuratton, Pp. 21, 114, and 116, 2d edition. 
Hepracon, in Fortification, a place fortitied or 
flrengthened with feven baftions for its defence. 
Herraconsat Numbers, ave a kind of polygonal 
numbers in which the difference of the terms of the cor- 
-refponding arithmetical progreflion is 5. “Thus, 
Anthmeticals, +, 6, U1, 15, 21, 26, &c 
Heptagonals, 1, 7, 18, 34, $5, 81, &e. 
where the Heptagonals are formed by adding contipu- 
ally the terms of the arithmeticals, above them, whofe 
common difference is 5» 1 
One property, among many others, of thefe Heptago- 
nal numbers is, that if any one of them be multiplied by 
40, and to the product add g, the fum will be a fquare 
number, 


Thost X 40+ 9= 49= 973 
and) 7X 4o+9 = 289 = 1773 
and 18 xX 40 + 9 = 729 == 2497; 


and xX 40 + 9 = 1369 = 377; &e, 
Where 4 is onatkeble that ie Pies of {quares fo 
formed is 7*, 17%, 237, 377, &c, the common differ- 
‘ence of whofe roets is 10, the double of the common 
difference of the arithmetical feries from which the 
Heptagonals are formed.—See Poryconars. 
EPTANGULAR Figure, in Geometry, is one 
that has feven angles ; and therefore alfo feven fides. 


HERCULES, in Altronomy, a conftellation of the ° 


northern hemifphere, and one of the 48 old conftella- 
tions pore | by ancient writers, . 

“It is_not known by what name it was diftinguithed 
by the Egyptians and others before the Greeks. Thefe 
latter, perhaps not knowing its real name, firft called it 
fimply the kneeling man, becaufe he is drawn in that 
atlas ; but they afterwards fucceffively afcribed it to, 
and caued it by the names of, Cetheus, Thefeus, and 
laflly Hercules, which it {till retains. 

The ftars in this conftellation, in Ptolomy’s cata- 
logue, are 29; in Tycho’s 28; and in the Britannic 
catalogue, 113. : ‘ 

HERISSON, in Fortification, a beam armed with 
iron {pikes, having their points turned outward. It is 
fupported in the middle by a flake, having a pivot on 
which it turns; and ferves as a barrier to block upa 
paflage.— Heriffons are frequently placed before gates, 
efpecially the polterns of a town or fortrefs, to fecure 
thofe paflages which muft of neceffity be often opened. 

HERMANN (James), a learned mathematician of 
the Academy of Berlin, and member of the Acade- 
my of Sciences at Paris, was born at Bafil in 1678. He 


was a great traveller; and for 6 years was profeflor of . 


mathematics at Padua. He afterwards went to Ruffia, 
heing invited thither by the Czar in 1724, as well as his 
compatriot Daniel Bernoulli. On his return to his na- 
tive country, he was appointed profeffor of morality and 
natural law at Bafil; where he died in 1733, at 55 
years of age. 

He wrote feveral mathematical and _philofophical 
pieces, in the Memoirs of different Academies, and elfe- 
where; but his principal work, is the Phoronomia, or two 
Books on the Forces and Motions of both Solid and 
Vuid bodies; 4to, 1716: a very learned work on the 
new mathematical phy fics, : 
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HERMETIC, or Hgemericat dri, a namegives 
to chemittry, on a fuppofition that Hermes Trifmegil.. 
tus was its inventor. 

HERMETICAL Philofophy, is that which under. 
takes to folve and explain a the phenosena of nature, 
from the three chemical principles, fait, fulphur, and 
mercury.———A confiderable addition was made to the 
ancient. Hermetical Philofophy, by the modern doce 
trine of alcali and acid. 

Hermerican Seal, or Hermetical Sealing,’ 4 manner 
of flopping ar clofing glafs veflels, for chemical aad other 
operations, fo very clotely, that no fubitance ¢an pofli- 
bly exhale or efcape. This is ufually done by heating 
the neck of the veffel in the flame of a lamp, with a 
blow-pipx, till it be ready to melt, and then with a pair 
of hot pincers twilting it clofe together. " 

HERSCHEL, the name by which the French, and 
moft other European nationsy call the new planet, dif 
covered by Dr. Herfchel in the year 1781. Its mark or 
character is Hf, The Italians call it Ouranos, or Ura- 
nia, but the Englith, the Gzorcran Planet, which fee. 

HERSE, in Fertification, a lattice orporteullice, in 
the form of a harrow, befet with iron {pikes, to block 
up a gate way, &c. 

HERSILLON, orlittle Herfe, in Fortification, is'a 
peek armed with iron fpikes, for the fame ufe as the 

ols and alfo to impede the match of the infantry or 
cavalry. 

HESSE (Wirtram Prince of), rendered his.name 
immortal by his encouragement of learning, by his ftu 
dies, and by his obfervations, for many years, of the celef- 
tial bodies. For this purpofe, he ereGted an obfervat 
at Caffel, and furnifhed it with good inftruments, vel 
adapted to that defign; calling alo to his affitance twe 
eminent artifts, Chriftopher Rothmann and Juke Byrge. 
His obfervations, which are of a very curious nature, 
were publifhed at Leyden, in the year 1618, by Wille- 
brord Snell; and are in part mentioned by Tycho 
Brahe, as well in his epiltles as in the 2d volume of his 
Pregymnafmata; a fignal example to all princely and 
heroic minds, to undertake the promoting the arts of 

eace, and advancing this truly noble and celettial 
icience. This prince died in the year 1597+. 

HETERODROMUS Feéiis, or Lever, in Me- 
chanics, a lever in which the fulcrum, or point of fuf. 
penfion, is between the weight and the power ; being 
the fame as what is otherwife called a lever of the firit 
kind. 

HETEROGENEAL, the fame as Hereroce- 
NEOUS; which fee. 7 

HETEROGENEOUS, literally imports things of 
different natures, or famething that confitts of parts of 
different or diffimilar kinds; in oppofition to Homoa 
geneous. Thus, 

Hererocengous Badies,are fuch as have their parts 
of unequal denfity. 

Hererocentous Line, is that which confifts of 
parts or rays of different refrangibility, reflexibility, and 
colour. 

Hererxocerzcus Numbers, are 
confifting of integers and fraGtions. ay 

Hererocentous Particks, are fach as are Of _ 
ferent kinds, natures, and qualities ; of which geverally 
all bodies confift. : : 

“Heterocensous Qvantitigs, in Mathematics, ane 


mixed numbers, 
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thofe which cannot have proportion, orbe compared to- 

“gether as to greater and lels; being of fuch different 
kind and confideration, as that one of them taken any 
number of timéa, never equals or exceeds the other. As 
dines, furfaces, and folids in geometry. 

Hererocencous Surds, are fuch as have different 
radical figns; as ./a and %/3*; or §/10 and 7/20. 

HETEROSCIL, in Geography, are fuch inhabitants 
of the earth as have their fhadows at noon projected al- 
ways the fame way with regard to themfelves, or always 
contrary ways with refpeét to each other, Thus, ‘all 
the inhabitants withqut the torrid zone are Heterotcii, 
with regard to themfelves, fince any one fuch inhabitant 
has his fhadow at noon always the fame way, viz, always 
north of him.in north latitude, and always fouth of him 
in fouth latitude ; or thefe two fituations are Heterofcii 
to each other, having fuch fhadows projected contrary 
ways at all times of the year. 

HEVELIUS (Joun}, a very celebrated aftrono- 
mer, and a burgomatter of Dantzick, was born in that 
city in 1611. He ftudied mathematics under Peter 
Cruger, in which he made a wonderful progrefs. He 
afterwards [pent feveral years on his travels through Hol- 
land, England, Germany, and France, for his improve- 
ment’in the feiences. Onhis return, he conftru€ted ex- 
cellent telefcopes himfelf, and began diligently to ob- 
ferve the heavens, an employment he clofely followed 
during the courfe of a long life, which was terminated 
only in 1587, at 76 years of age. Hevelius was author of 
Several notable difcoveries in the heavens. He was the 
firft that obferved the phenomenon called the libration 
of the moon, and made feveral other important obferva- 
tions on the other planets. He alfo difcovered feveral 
fixed ftars, which he named the firmament of Subie/ki, in 
honour of Jon the 3d, king of Poland, He framed a 
large catalogue of the flars, and colle&ed multitudes of 
the unformed ones into new conftellations of his own 
framing. His wife was. alfo welt fkilled in aftronomy, 
and made a part of the obfervations that were publifhed 
by her hufbands His principal publications are, his 
Selenograpbia, or an exact defcription of the moon ;_ in 
which he has engraved all her phafes, and remarkable 
parts, diftinguifhed’by names, and’afcertained their re- 
{petive bounds by the help of. telefeopes; containing 
alfo a delineation-of the feveral vifible fpots, with the 
various motions, changes, and appearances, difeovered, 
by the telefeope, as alfo in the fan and- other planets, 
1647.—~-—In 1654, two epiftles ; one to the celebrated- 
aftronomer Ricciolt, ‘concéruing the Libration of the 
Moon; and the other to Bulliald, on, the Eclipfes of 
both luminaries, —In 1656, a Diifereation De Natura 
‘Saturni Jaciei, Fe—In 1668, Iris Con:etogrothia, repre- 
feuting the whole nature of comets, their fituation, pa- 
rallaxes, diftances, diverfe appearances, and furprifing 
motions, with a hiftory-of.all the comets from the be- 
ginning of the world down to the prefent time ;. being 


enriched with curious. fculpture of -his own execution : . 


to which he added a treatife on the planet. Mercury, 
feen in the fun at Dantzick, May 3, 1561; with the 
kiftory of a new flar appearing in tie neck of Cetus, and, 
another in the beak of Cygnus ;_befides an liluftration 


of fame altronomical difcoveries of the late Mr. Horrox, 
ig his treatife on Wenus feen in the.fun, Nov. 24, 1639 5. 
with a difcourfe of fome curious Parafelena and. Parhelia 


obferved at Dantzick. He fent copies of this work to 
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feveral members of the Royal Society at I.ondon, and 
among them to Mr. Hooke, in return for which, this 
ors fent to Hevelius adefcription of the Dioptric 
‘elefeope, with an account of the manner of ufing its 
and recommending it to him, as much preferable to tes ‘ 
lefcopes with plain fights. This gave rife to a difpute 
between them, viz, “ whether diftances and altitudes 
could be een with plain fights any nearer than to a 
minute.” Hooke afferted that they could not; but” 
that, with an initrument of a fpan radius, by the help . 
of a telefeope, they might be determined to the exaét= 
nefsofafecond. Hevelius, on the other hand, infifted 
that, by the advpntage of a good eye and long practice, 
he was able with his initruments to come up even to 
that exa@nefs; and, appeating to experience and fads, 
fent by way of challenge 8 dillances, each between two 
different ars, to be examined by Hooke. Hhus the 
affair refled for fome time with outward decency, but 
not without fome inward grudge hetween the parties. , 
In 1673, Hevelius publifhed the firft part of ‘his 
Machina Caleflis, asa {pecimen of the exadnefs both of 
his inftruments and obfervations; and fent féveral copies . 
as prefents to his friends in England, but omittitig Mr, 











Hooke. This, it is fuppofed, eccafoned that gentle. 
man to print, in 167 adverfions onthe Firfl Part of 
the Machina Caleftis ; in which he treated Hevelius with 


a very magifterial air, and threw out feveral ‘unhand: 
fome refitétions, which were greatly refented ; and the. 
cifpute grew aftewards to fuch a height, and became 
fo notorious, that ia 1679 Dr. Halley went, at the re- 
ueft of the Royal’ Society, to examine both the in- 
ruments. apd ihe. cinleoraeone made with them. Of: 
both.thefe, Halley gave, a favourable account, in a 
itp Hevelius ;, and Hooke managed the contro- . 
verfy fo ill; that he was univerfally condenined, though 
the preference has fince been given to telefcopic fights, 
However, Hevelius conld not be prevailed on to make 
ufe of ‘tirem : whether he thought himfelf too expe- 
rienced,to be informed by a young aftronomer, as he 
confidered' Hooke ; or whether, having made fo many 
obfervations with plain fights, he avas unwilling to alter - 
hjs method, left, he might bring theit exaénefs into , 
queftion ; or whether, being by long, practice accuf- 
tomed ‘to the ufe of them, and not thoroughly appre- . 
hending the afe of the other, nor well underftanding the 
difference, is uncertain. Befides Halley’s letter, He-. 
velius received many others in his favour, which he took 
the opportunity of inferting among, the aftronomical 
obfervations in his Aunus Chimaélericus, printed in 1685. , 
Im a long preface to this work, he peaks with more 
confidence and greater indignation than he had done 
before, and particularly exclaimed againft Hooke’s , 
dogmatical and magifterial manner of affuming a kind 
of didtatorhhip over him. ‘This revived the contett, and. 
occafioned feveral learned'men to engage in it. The 
book itfelf being fent to.the Royal Soctety, at their . 
requeft an account of it was given by. Dr. Wallis; who, 
among other things, took notice, ‘that * Hevelius’s . 
obfervatians had been mifreprefented, figce it appeared » 
from this book, that he could diftinguith hy plain fights , 
toa fmall part ofa minute.””» About the fame time 
Mr. Molyneux alfe wrote aletter to the fociety, iit vine. 
dication of Hevelius, againtt Hooke’s. animadverfions... 
Yo all which, Hooke drew up a letter in anfwer, which , 
was read before the fociety, containing many qualifying - 
: and 4 
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and ‘accommodating expreffions, but ftill at leaft ex. 
prefling the fuperiority of telefcopie fights over plain 
anes, excellent as the obfervations were that had been 
made with thefe. ; ; 

In 1679, Hevelius had publithed the fecond part of 
his Machina Caleftis ; butthe fame year, while he was 
at afeat in the country, he had the misfortune-to have 
his houfe at Dantzic burnt down. By this calamity it 
is faid he faftained feveral’ thoufind pounds damage ; 
having not only his obfervatory and all his valuable in- 
ftrumentsand aftronomical apparatus deftroyed, but al- 
fo a great many copies of his Machina Celeflis, anacci- 
dent which has made this fecond part very Icarce, and 
confequently very dear, 

In 1690, were publithed a defcription of“ the hea. 
vens, called, Firmamentum Sobiefcianum, in honour of 
John the 3d, king of Poland, as above mentioned ; and 
allo Prodamys Aftronomia, (Nove Tabule Solares, una 
‘cum Catalogo Fixarum’; in which he lays.down the ne- 
ceflary preliminaries for taking an exact catalogue of 
the ftars. “ 

But both thefe works were potthumous ; for Heve- 
Mus died the 28th of January 1687, exactly 76 years of 
age, as above faid, and univerfally admired and re- 
fpeéted ; abundaht evidence of which appears in a col- 
lection of, Fetters between hiin and many other perfons, 
that was printed at Dantzié in 1683. 

HEXACHORD, a certaiginterval or mufical con. 
cord, ufually called a ffxth. ! 

HEXALDRON, or Hexanepron, one of ‘the 
five regular or Platonic bodtes; being indeed ‘the fame 
as the cube; and is {6 called‘from its having 6 faces.— 
‘The fquare of the fide or edge of a Hexahedron, is ohe- 
third of the fquare of the diameter of the circugnferib- 

_ing {phere : and ‘hence the diameter of a fpliere is to 
the fide of its infcribed Hexahedron, as 4/3'to.1. 

In general, if A, B, and C be put to dénote re- 
{pectively the linear fide, the furface, and the folidity of 
a Hexahedron or cube, alfo r.the radius of the in- 
{eribed fphere, and R the radius of the circum- 
{eribed one ; thén we hravé thefe general equations or, 
relations : . . 

1% Asa = 
2, B= 2477 = 
3. C = &3 
4 R= rif3 

r = iR/3 


iRv3 = YER = Yc. 
8R3 = 6A? = 61/C% 
= $Riyga A} —IBYVIB. 
= 3 AVY/3 = ti B= iv3x YC. 
5. Sia = B/Ba tye. 
HEXAGON, in Geometry, a figure of fix fides, 
and confequently of as mapy angles. When thefe are; 
equal, it is a regular Hexagon.—The angles of a Héxa- 
gon are each equal to 120°, ard its fides are each equal 
to the radius of its citcumfcribing circle.- Hence-are- 
gular Hexagon is infcribed in 2 circle, by fetting the 
radius off 6 times. upon the periphery. A‘nd hence al- 
fo, to deferibe a regular Hexagon upon a given line, 
deferibe an- equilateral triangle upan it, the vertex of 
which will be the centre of the circumfcribing circle. 
The fide of a Hexagon being s, its area will be = 
259807625 == Js? x tang, 60° = $4373. 
HEXASTYLE, in the Ancient Archite@ture, a 
building with ‘6 cplumns in front. : 
HIERO’s Crown, in Hydroftatics. The hiftory. 
of this crown, and of the important hydroftatical pro-- 





pefition which it gave occafion to, is as follows: Hiero, _ 
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king of Syracufe, having furnifhed a workman with a: 
quantity of gold for making a-crown, fufpeéted,that he 
had been cheated, by the workman.ufing a. greater al- 
loy of filver than was neceflary in making it ;' and he 
applied to Archimedes to difcover the fraud, without - 
defacing the crown. ; : : 

This celebrated mathematician was led by chance to» 
a method of deteGting the. impottdre, and of determin- 
ing precifely the quantities of gold and filver compofing . 
the crown: for he obferved, when bathing in a tub of 
water, that the water ran over as his body entered it, 
and he prefently concluded that the quantity fo running 
over was equal to the bulk of his body that was im-- 
merfed. He was fo pléafed with the difcovery, that it 
is faid ke ran about’ naked crying out, senna, thenxe, 
J have found it ; and fome affirm that He offered a heta- 
comb ;to Jupiter for having infpired. him with the 
thought. . 

On this principle he procured a ball or mafs of gold, 
and another of filver, exaétly of the fame weight with 
the crown; confidering, that, if the crown were of pure 
gold; it- would be of equal bulk and ‘expel an equal 
quantity of, water as.the golden ball; and if it were of 
filver, then it would be of equal bulk and expel an 
equal quantity of water with the baltof filver; but of 
intermediate quantity, if it confifted of a mixture‘of the 
two, gold and filver ; which, upon trial, he found to 
be the cafe; and hence, by a comparifon of the quanti-. 
ties of water difplacett by the three maffes, he difcover- 
ed the exact portions of ‘gold and filver ii the crown. 

Now, fuppofe, for example, that each of the three 
maflés sreithed 100 ounces’; ‘and that on immer, 
them feverally in water, there:were difpliced s-unces . 
of water by the goldea ball, 9 ounces by the filver, 
and 6 ounces by the compound, or crown; that is, 
their -refpe€tive or comparative bulks are as 5» 9, and 
6, the fam of which is:20. 

Then the method of ‘operation is this : . 

6 : 





From 9 

Take. 6 . 

rem 3. 1, whofe fum is 4. . 

Therefore 4 :.100 :1-§ : 75 02. of gold, 
and 4: .100:: £7: 269 02. of filver. 


That is, the crown confifted of 75 ounces of gold;’ and 
25 ounces of filver. P 
See Cotes Hydrof. Le@..p.. 81 ; or Martin’s Philof, 
Britan, vol. 1, p. 305, &c. See alfo Sreciric Gras 
wily. . 
‘ HIGH-Water, that ftite of the tides whén they 
have flowed to their greateft height; or have -¢éafed 
to fidw or rife. At High-water the motion commonly 
ceafes for a-quarter or half an hour, before it ‘begin to 
ebb again, The times of High-water of every day of ’ 
the moon’s age, is ufually computed from that which is 
obferved od the day of the full or change; viz, by 
takirig 4-sths of the moon’s age on any day of: the 
month, ‘and adding itto theitime of High-watet on 
the day of the full or change; then is the fum nearly | 
equal to the time of High-water on the day of the 
month propofed. And as to the times of High-water, 
on the day: of the fulf and change’ of the moon, at | 
many. different places; they have been ahferved as 
they are fet down in the following table. 
Table. 
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Taste ofthe Times of High-water on the Days of the New and Full Moons, at mary dfferent Places. 



























































Names of Places. Countries. High-w. Names of Places. Countries. High-w. [ 

Aberdeen Scotland oh45™ Dort . Holland 3h om 
} Aldborough England 945 Dover England 11 30 
Alderney I. England Iz 0 Downs England its 
Amazons River | South America | 6 0 4 Dublin Treland -g Is 
Amfterdam Holland 3.0 Dunbar Scotland 2 30 
Amfterdam I. of } South Seas 8 30 Dundee Scotland 2 15 
Andrew’s St. Scotland 2-15 Dangarvaa freland 4 30 
Anholt I, Denmark °° Dangenets England ~ 9 45 
Antwerp Flanders “ 6 0 Dunkirk France me) 
Archangel Ruffia 6 0 Dennote I. of Wight 9 45 
Arran I, Ireland Ir 0° Dutky Bay N. Zealand 10 57 
Abhley Riv. Carolina Fo 45 | Eatter He Chili 20 
Auguttine St. Florida 7 30 Edyflone Englifh Channel | 5 30 
Bajador Ca. Negroland °° Elbe R, Germany ° 0 
Baltimore Ireland 4 30 Embdea Germany ‘ oo 
Barfteur Ca, France 7 30 Eftaples France Il 0 
Bayonne France 3 30 Falmouth England 5 30 
Beachy-head England o°0 Flamborough Ti. | England 4.0 
N. and S. Bear | Labradore Iz 0 C. Florida Florida 7 30 
Belfaft Treland Io 0 Flufhing Holland O 45 
Bellifle France 3 30 {N. Foreland England 9 45 
Bermudas I. Bahama I. 7,0 Foulnefs England 6 45 
] i England 2 30 Fowey England 515 
England 6.0 Fayal If. Azores |} 220 

Blanco Cap. Negroland 9 45 Garonne R, France .3°0 
Blavet France 3.0 Gibraltar Spain 0° 
Bourdeaux France 3.0 €. Good Hope | Caffers 1 3.0 
Boulogne France 10 30 Goree (Ifle) Atlantic Ocean | 1 30 
“Bremen Germany 6 90 Granville France 70 
Bret France 345 Gravelines Flanders °° 
Bridlington B, England 345 Gravefend England 1 30 
Brill Holland I 30 Groin Spain 3 3 
Briftol England 6 45 Guernfey I. 4Englith Channel} 1 30 
Buchanefs Scotland 30 Hague _ 4 Holland 8 15 
Button’s Ifles New Brit. 6 50 Halifax Nova Scotia 7 30 
Cadiz Spain 4 30 Hamburgh Germany 6 0 
Caen France 9 0 Hare Ide )Canada 3 30 
Calais France II 30 Harlem Holland 9 0° 
Canaria I! Canaries 3.0 Hartlepool England 3 0 
C. Cantin Barbary °° Harwich England Ir 35 
Cape Town Caffers 2 30 Havre de Grace | France 9 0 
Cafkets Guernfey 8 15 Holy Head Wales 1 30 
Cathnefs Po. Scotland 9 0 Honfleur France 9 0° 
Charles Town Carolina 3.0 Holl : England 6 o. 
. Charlotte’s S. { New Zealand 9 0 Humber R. England 513 
Cherbourg France 7 30 St. John’s Newfoundland 60 
Churchill R. Hudfon’s Bay 7 20 St. Julian (Port) | Patagonia 445 
Ca. Cleare Treland 4 30 Kentifhnock Englith coat are) 
Concarmeau France 3.0 Kinfale Ireland 515 
Conquet France 215 Land’s End England 7 30 
Coquet Ifle England 30 Leith Scotland 4 30 
Corke Ireland 6 30 Leoftoff England 9 45 
C. Corfe Guinea 3 30 Lifbon- Portugal 215 
Cromer England 7 0 Liverpool England 11g 
Dartmouth England 6.30 Lizard - {England 7 30 
St. David's H. Wales 6 0 Loire (Riv.) France 300 
Dieppe France 10 30 London England 3.0 
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% Najes of Places. Countries. Names of Places. Countries, High-w, 
Lundy (Ifle) England Sandwich England TIh 30m 
Madeira Ath Ocean Scarborough H. | England 345 
St. Maloes France Scilly Ifes England 3.45 
Tfle of Man England Senegal Negroland 10 30 
Margate England Severn, (Mouth.) | England 6 0 
St. Mary’s (Ifle) | Scilly Ifles 3 ‘Sheernefs England ane) 
Milford * Wales = Sierra Leona Guinea 8 15 
Mount’s Bay England 4 Shetland I. Scotland 2 6 
Nantes France 3 Ifle of Sky Scotland 5 30 
Naze Norway 1I'Ig Spurn England 5 15 
Needles England Io 15 "| Start Point England 6 45 
Newcattle England 315 Stockton England 5.15 
Nieuport Flanders 120 Sunderland England 3 20 
Nore England °° Tanna. Pacific Ocean 3.0 
North Cape Lapland 3.0 Teneriff Canaries 3.0 
Orfordnefs England 9 45 Texel (Ifle} Holland 7 30 
Orkneys Scotland 3.0 Thames Moath | England 1 30 
Oftend Flanders 2-0 “Tinmouth England 3.0 
Placentia Newfoundland 9 0 Torbay England 5 ty 
Plymeuth England 60 St. Valery France 10 3e 
-Portland England 8 5 Vannes France 3.45 
“Porto Praya Cape Verdes Ilo Ufhant France 4 30 
Portfmottth England ‘reg Waterford Ireland 6 30 © 
Quite Canada 7 30 Wells England 6 0 
Rhée (Ifle) France 3.0 Weymouth England 7 20 
Refolution (Bay) | Ohitahoo 2 30 Whitby England 3 0 
Robin Hood’s B, | England 3.0 Ifle of Wight England °° 
Roc hefort- France 41 trem England © 45 
Rochelle France 3 intertonefs England 9 9 
Rochefter England © 45 Yarmouth England 9 45 
Rotterdam Holland 3.0 New York America 3.0 
Rouen France 115 Youghall Teland 4 30 
Rye England Ir 15 Zuric Sea Holland 3.9 





HAPS, in Archite@ure, are thofe pieces of timber 
placed at the corners of a roof. Thefe are much longer 
than the rafters, becavfe of their oblique pofition. 

Hur means alfo the angle formed by two parts of the 
roof, when it rifes outwards. 

Hip-Roof, called alfo Italian Roof, is one in which 
two parts of the roof meet in an angle, rifing out- 
wards: the fame angle being called a valley when it 
finks inwards, 

HIPPARCHUS, a celebrated aftronomer among 
the ancients, was born at Nice in Bithynia, and flou- 
rifhed between the 154th and the 163d olympiads ; 
that is, between ‘60 and 135 years before Chrift ; for 
in this {pace of time it is that his obfervations are 
dated. He is accounted the firft, whe from vague 
and feattered obfervations, reduced aftronomy into a 
feience, and profecuted the ftudy of it fyftematically, 
Pliny often mentions him, and always with great com- 
mendation. He was the firft, he tells us, who at- 
tempted to count the number of the fixed ftars; and 
his catalogue is preferved in Ptolomy’s Almagett, 
where they are all noted according to their longitudes 
and apparent. magnitudes. Pliny places him. amon: 
thofe men of a fublime genius, who, by foretelling the 
eclipfes, taught mankind. that they ouglit not to be 
frightened at thefe phenomena. “Thales was the frf 
among the Greeks, who could difeover when there was 
tobe aneclipfe. Sulpitius Gallus among the Romans 











began to fucceed in this kind of predidtion; and he 
gave an eilay of his {kill very feafonably, the day be-. 
fore a battle was fought. After thefe ‘two, Hippar- 
chus improved that feiénce very much ; making ephe- 
merides, or catalogues of ecliples, for Goo years. He 
admires him for making a review of all the flars, ac- 
quainting us with their fituations and magnitudes ; for 
by thefe means, fays he, pofterity will be able to dif 
cover, not only whether they are born and die, but 
alio whether they change their places, and whether 
they increafe or decreafe. He mentioned a new ftar 
which was produced in his days; and by its motion, at 
its firft appearance, he began to doubt whether this did 
not frequently happen, and whether thofe fars, which 
we call fixed, do not likewife move. Hipparehus is 
alfo memorable for being the firlt who dieseated the 
preceflion of the equinoxes, or a very flow apparent mo= 
tion of the fixed flars from eaft to welt, by which in a. 
great number of years they will feem to have performed 
a complete revolution, He endeavoured alfo to reduce 
to rule the many difcoveries he made, and invented 
new inftruments, by which he marked their magnitudes. 
and places in the heavens ; fo'that by means of them it, 
might be eafily obferved, not anty whether they appear 
and difappear, but likewife whether they pafo by one: 
another, or move, aod whether they increafle or de- 
creafe, 

The firft obfervations he made, were in the ifle of 
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Rhodes ; whence he got ‘the name Riodiusy but af- 
tetwards he cultivated this feitnce in Bithynia and Alex 
candria only.- One of -his works is {ill extant, viz, his ” 
Commentary wpon Aratus’s Phenomenz. He compofed 
feveval other werks ; and upon the whole it is agreed, 
that aflronomy jis greatly indebted to him, for laying 
that rational and folid foundation, upon which all fuc- 
‘eceding altronomers have fince built their fuperitrec- 
“ture, 

HIRCUS, in Aftronomy, a fixed fter of the firit 
magnitude, the fame with Capella. 5 

Hrcuws is alfo ufed by,fome writers for a comet, en- 
compaffed as it were witha mane, feemingly rough and 
hairy. ; ¥ aaa = 

HIRE (Putuie ve La);,,an eminent French mathe- 
matician and aftronomer, was born at Paris in 16z0. 
His father, whdé waspainter to the king, intending him 
for the famie odcupation, taught him drawing’ and fuch 
‘branches :of ‘mathematics as relate to it: but died when 
the fon was only 17 years of age. Three years after 
tthia, he travelled into Italy for improvement in: that art, 
where the {pont 14 years. He applied himfelf alfo to 
mathematics, which gradually engroffed all his atten- 
tion. On his returnto Paris, he continued his mathe- 
matical fudies with great nefs, and he afterwards 

_ publifhed fome works, which gained him fo much re- 
" putation, that he was named a member of the Academy 
of Sciences in 1678. . 

The minifter Colbert having formed a defign fora 
better chart.or map of France than any former ones, De 
la Hire was appointed, with Picard, to make the ne- 
ceffary obfervations for that eal This occupied 
him fome years in feveraliof the provinces ; and, befide - 
the niain object of his peregrinations, he was not un- 
mindful of othet branches oF knowledge, but philofo- 

hized upon every thing ‘that occurred, and_particu- 
iy upon the variations of the magnetic needle, upon 
sefractions, and upon the height o mountains, as de- 
termined by the barometer. : 

In 1683, dela Hire was employed in continuing the 
‘meridian line, which Picard had begun in 1669. He 
continued it from Paris northward, while Caflini car- 
ied it on to the fouth: but Colbert dying the fame 

ear, the work was dropped before it was finifhed. De 
ta Hire was next employed, with other members of the 
‘academy, in taking the neceflary levels for the grand 
aquedus, which La the 14th was about to make, 

The great number of works publifhed by our author, 
together with his continual employments, as profeffor 
sof the Royal College and of the Academy of Archi- 
teGture, give us fome idea of the great labours he un- 
iderwent.. His days were always fpent in ftudy ; his 
atights very often in aftronomical obfervations ; feldom 
fecking any other relief from his Jabours, than a change 
vof one for another. In his manner, he had the exte- 
rior politenefs, circumfpedtion, and prudence of Italy; 
on which account he appeared too referved in the eyes 
of his countrymen; though he was always efteemed as 
avery honett difinterefted man. He died in 1718, at 73 
years of age. , 

Of the numerous works which he publifhed, the 
principal are, 1. Traité de Mechanique; 1665.— 
‘2. Nouvelle Methode en Geontetrie pour les Seétions 
vdes Superficies, Coniques & Cylindriques ; 1673, gto. 


- 
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3. De Cycloide + 1679, ¥2n0.—4:*Nouveaur Ele. 
mens des Se@tiones Coniques: Jes Lieux Gegmetriques : 
ka Conftru@tion, on EffeGtion des Equations; 1678, 
1amo.——5. La Gnomonique, &c; 1682. 1zmo.+-6. Traité 
du Nivellement de.M. Picard, avec des additions ; 1684. 
<7. Segtiones Conicz in novem bros diitribute ; 
1685, folio. This was confidered as an original work, 
and gained the author great reputation all over Europe . 
~-8. Traité du Mouvement déy Eauxy &c3 1686.— 
9. Tabula Aftronomice ; 1687 and #702, 4to.—I0. 
Ecole des Arpeuteurs; 1689.—11. Veterum Mathe- 
maticorum Opera, Grect & Latint, pleraque nunc 
pom edita ; 1693, folie, This edition had been 
egun by Thevenot ; who dying, the care of finifhing 
it was committed to de la Hire. It thews that our au- 
thor’s flrong application to mathematical and aftrono- 
mical ftudics had not hindercd him from acquiring a 
very competent knowledge of the Greek tongue. Be- 
fide thefe, and other fmaller works, there are a vaft num- 
ber of his pieces feattered up and down in Journals, 
and particularly in the Memoirs of the Academy of 
Sciences, viz, from 1666 till the yean 1718. 
HOBBES (Tomas), a famous writer.and philo- 
pher, was born at Malmfbury in Wilthhire, in 1588, 
being the fon of a clergyman of that place. He 
‘completed his ftudies at Oxford, and was afterwards 
overnor to the’eldeft fon of William Cavendith earl of 
Hevonthire, with whom he travelled through France 
and Italy, applying himfelf clofely to the ftudy of po- 
lite literature. In 1626 his patron the earl of Devon- 
fhire died; and 1628 his fon alfo; the fame year Mr. 
Hobbes publifhed his tranflation of Thucydides in En- 
glith, He foon after went abroad a fecond time as go- 
vernor to the fon of Sir Gervafe Clifton ; but fhortly 
after returned, to refume his concern for the hopes of 
the Devonthire family, to whom he had fo early at- 
tached himfelf; the countefs dowager having defired to 
put the young earl under his-care, thea about 13 years 
of age. This charge was very agreeable to Mr. Hobbes’ 
inclinations, and he difcharged the truft with great di- 
ligence and fidelity. In 1634 he accompanied his young 
pupil to Paris, where he employed his 6wn vacant 
hours in the ftudy of natural philofophy, frequently . 
converfing with Father Merfenne, Gaffendi, and other 
eminent philofophera there. From Paris he attended 
his pupil into Italy, where he became acquainted with 
the celebrated Galileo, who freely communicated his 
notions to him; and from hence he returned with his 
ward into England. But afterwards, -forefeeing the 
civil wars, he went to feek a retreat at Paris; where 
he was foon made acquainted with Des Cartes and the 
other learned philofophers there, with whom he after- 
wards held a‘correfpondence upon feveral_mathemati- 
cal fubjets, as appears from the letters of Mr. Hobbes 
publithed in the works of Des Cartes. ; 2 
In 1642, Mr. Hobbs printed his famous book De 
Cive, which raiféd him many adverfaries, who charged 
him with inftilling principles of a dangerous tendency. ~ 
Among many illuftrious perfons who, from the trou- 
bles in England, retired to France for fafety, was Sir 
Charles Cavendifh, brother to the Duke-of Newcattles 
and this gentleman, being well {killed in the mathema- 
tics, proved a conftant friend and patron to Mr 
Hobbes ; who, by embarking in 1645 in a controverly 
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about Ernatsag: the circle, was grown fo famous by it, 
that. in 1647 he-was recommended to inftru€-Charles 
prince of Wales, afterwards king Charles the 2d, in 
mathematical learning. . Dusing this he employed his 
vacant time in compofing his Leviathan, which .was 
publifhed in England in 1651. After the publication 
of ‘this work, he returned to England, and. pafled the 
reniainder of his long life in a very retired and @udious 
+ manner, -in the honfe ‘of the Earl of Devonshire, moft- 
ly at his feat im Derbyshire, but accompanying the earl 
always to. Loadon, fearing to be left.out of his imme- 
diate protection, left he thould be feized by officers 
from the parliament or government, on account of the 
freedom of his opinions in polities and religion. He 
received great marks of refpeé from king Charles the 2d 
at the reftoration in 1660, with a peation of rool. a 
‘year, From that time, till his death, he applied him- 
{elf to his ftudies,-and in oppofing the-attacks of his 


adverfaries, who were very numerous :. in mathematical. 


fubjects difputes rofeto a t height between him and 
Dr. Wallis, on account of his preterided Quadrature of 
the Circle, Cubature of the Sphere, and Duplication of 
the Cube, which he obftinately defended without ever 
acknowledging his error. 

His long life was that of a perfe&tly honeft man; a 
lover of his‘country, a good friend, charitable and ob- 
liging. He accuftomed -himfelf mucd4 more to think. 
ing, than reading ; and was fond of a well-felected, ra- 
ther than a large library. He had a hatred to the 
clergy, pans been perfecuted by them, on account of 
the freedom of his deétrine, and having a very indifferent 
opinion of their knowledge and their principles. - Jn his 
jaft ficknefe -he-was very anxious to know whether his 
difeafe was curable; and when intimations were iven, 
that he might have-eafé, but no remedy, he fai , oT 
fhall be glad to find a hole to creep out of the world aty’ 
He died the qth of Dec. 1649, at 91 years of age, 

His chief publications were, 

1, An Englith tranflation of Thucydides’s Hiftory 
of the Grecian war. 

2. Be- Mirabilibue Peeciy. and Memoirs of his own 
Life, both in‘Latinverfe.’ =. < 

3+ Elements of Philsfophy. . 

4. Anfwer to Sir ‘William Davenant’s Epifle, or 
Preface to Gondibert. 


5. Human Nature; or the Fundamental Elements of ~ 


Policy. 

6. Elements of Law. 

7- Leviathan ; or the Matter, Form, and Power of 
a Commonwealth, 

8. A Compendium of Ariftotle’s Rhetoric, 

9. A Letter on Liberty and Neceffity. 

10. The Queftions, concerning Neceffity and Chance, 
Rated. : i 

11. Six Leffons to the Profeffors of Mathematica, of 
the Inftitution of Sir Henry Saville. . 

12, The marks of Abfurd Geometry, &c. 

13. Dialogues of Natural Philofophy. 

Befides many other pieces on. Polity, Theology, 
Mathematics, and other mifcellaneous fubje&ts, to the 
number of 41. 

HOBITS, in Gunnery. See Howrrz. . 
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oil; containing the 4th part of a tun, the half of a 
pipe, or.63 gales s 3 
'_. HOLDER (Wiiiiam), a learned and philofophi.. 


al Englifhman, was born-in! Nottinghambhire, educa.“ 


ted at Cambridge, and in 1642 became re@tor of Ble,’ 
chingdon in: Oxfordthire.. In 1660 he/proceeded D. D. 
the became afterwards canon 
Royal Society, canon of St. Paul’s, fub-dean. of the 
royal chapel, and fub-almoner to the king. Hewasa 
general {cholar, a very accomplithed perfon, and a' 
great virtuofo. : : 
Dr. Holder greatly diftinguifhed himfelf, by giving 


“fpeech toa young gentleman of the name. of Popham, 


who was-born deaf. ‘This was effected at his own houfe 
at Blechingdon’ in 1659 ; but the young mac lofing 
what he Itad been taught by Holder after he was called 
home to his friends, he was fent:to Dr. Wallis, who 
brought him to his fpeech again, Holder publifhed a 
book, intitled “ the Elements of Speech ; an effay 
or inquiry into the natural Production of Letters: with 
an appendix, concerning perfons that are deaf and 
dumb, 1669,” 8vo. In the appendix he relates how 
foon, and by what methods, he brought oung Pop- 
ham to fpeak. In the Philof. Tranf. for July 1670, was 
inferted a letter from Dr. Wallis, in which Keclaims'to 
him(felf the honour of bringing that gentleman to fpeak. 
By -way of anfwer to wid, in 1678, Dr. Holder 
publithed in 4to,- A Supplement to the Philof. Tranf, 
-of July 1670, with fome reflections on Dr. Wallis’s 
letter there inferted.” Upon which the latter foon af 
ter publithed “ A Defence of the Royal Society, and 
the Philofophical TranfaGions, particularly thofe of 
July 1670, m anfwer to the cavils of Dr. William Hok- 
der, -1678,” 4to. : 

Dr. Holder’s accomplithments were wery general. 
‘He was fkilled in the theory and praétice of mu. > and 
wrote “ A ‘'Treatife of the Natural Grounds and 
Principles of Harmony, 1694,” 8vo. He wrote alfo 
“ A Treatife concerning Time, with applications of 
the Natural Day, “Lunar Month, and Solar Year, &e, 
694,” 8vo. “He died at Amen Corner in London, 
Jan. 24,.1697, and was buried in St. Paul’s. * 

HOLLOW, in.Archite@ure, a concave moulding, 
about a quarter of a circle, by fome called a Cafement, 
by others an Abacus, 

Horrow-Jower, in Fortification,. is a rounding 
made of the remainder of two brifures, to join the 
curtin to the crillon, where the {mall thot are played, 
that they may not-be fo much expofed to the view of 
the enemy. 

HOLY Thburfday, otherwife called Afcenfion day, 
being the goth day after Eafter Sunday, and kept in 
commemoration of Chrift’s afecnfion up into heaven. 

Hoty Rood, or Holy Crofs, a feltival kept’on the 
‘14th of September, in memory of the exaltation of our 
Saviour’s crofs, : 

Hor¢¥ Week, is the laf week of Lent, called alfo 
Paffion Week, 

HOLYWOOD (Joun), or Hatirax, or Sacro» 
‘bofeo, was, according to Leland, Bale, and Pitts, born, 
at Halifax in Yorkthire: accerding. to Staiuhurft, at 


Holywood near Dublin ; and according to Dempfter 
‘and Mackenzie, in Nithfdale in Scotland. Though 
4H there 
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there.may perhaps have been more than one of the 
name. Mackenzie informs us, that having finithed his 
ftudies, he entered into orders, and hecame a eanon 
regular of the order of ‘St. Auguitin in the famous mo- 
naftery of Holywood in Nithfdale. The Englith bio- 
gra bers, on the contrary, tell us that he was educated 
at Oxford. They all agree however in afferting, that 
he {pent moft of his life at Paris; where, fays Macken. 
zie, he was admitted a member of the univerfity, June 
§, 1221, under the fyndics of the Scotch nation ; 
ad foon after was eleted profeffor of mathematics, 
which he taught with applaufe for many years. Ac- 
cording to the ‘fame author, he died in 1256, as ap- 
pears from the in{cription on his monument in the 
cloifters of the convent of St. Maturine at Paris. 
* Holywood was contemporary with Roger Bacon, 
but probably older by about 20 years. He was cer- 
tainly the firft mathematician of his time ; and he wrote, 
1. De Sphara Mundi ; a work often reprinted, and iNuf 
trated by various commentators.—2. De Anni Ratione, 
feu de Computo Ecclefaftico.—3. De Algorifmo,. printed 
with Comm, Petri Cirvilli Hifp : Paris, 1498. 
HOMOCENTRIC, the fame as Concenttic. 
HOMODROMUS / dis, or Lever, in Mecha- 
nics, is'a lever in which the weight and power are both 
onthe fame fide of the fulcrum, as in the lever of the 
2d and 3d kind; being fo called becaufe here the weight 
and power move both in the fame direGtion, where- 
as in the Heterodromus they move in oppofite di- 
rections. - 
' HOMOGENEAL, or Homocenrovs, confifting 
of fimilar parts, or of the fame kind and nature, in 
contradiftin@ion from heterogeneous, where the parts 
are of different kinds. Natural bodies are ufually 
compofed of Homogeneous parts, as a diamond, a 
metal, &c. But artificial bodies, on the contrary, are 
affemblages of heterogeneous parts, or part8 of dif- 
ferent kinds ; as abulding, ofttone, wood, &c. 
Homocenrar Light, 1s that whofe rays are all of 
oue aud the fame colour, refrangibility, &c. 
Homoceneat Numbers, are thofe of the fame kind 
and nature. 
Homoceznerar Surds, are fuch as have one common 





radical fign; as 4/27 and 4/30, or 4/a and 4/6, or 


2i/cand 3/d. 

HOMOGENEUM Adjefionit, a name given by 

. Vieta. to the fecond term of a compound or affe&ted 

equation, being that which makes it adfe&ted. 

Homocengeum Comparationis, in Algebra, a name 
given by Vieta to the abfolute known number or term in 
a- compound or affeéted equation. This he places on the 
right-hand fide of the equation, and all the other terms 
on the left. 

HOMOLOGOUS, in Geometry, is applied to the 
correfponding fides of fimilar figures, or thofe that are 


oppoiite to equal or correfponding angles, and are fo" 


dalled becaufe they are proportional to each other. For 
all fimilar figures have their like fides Homologus, or 
proportional to one another, alfo their areas or furfaces 
are Homologous or proportional to the {quares of the 
like fides, and their folid contents Homologous or pro- 
portional to the cubes of the fame, : 
HOOKE (Ropear), avery eminent mathematician 
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and philofopher, was born, 1635, at Frefhwater inthe 
Ife of Wight, where his father was mifiller. He 

was intended for the churchs but being of a weakly 

conititution, and very fubje& to the head-ach, all 

thoughts of that nature were laid afide. Thus left to 

_ himfelf, the boy followed the bent of his genius, which 

was turned to mechanics ; and employed his time in 

making little toys, which he did with wonderful art 

and dexterity. He had alfo a good turn for drawing ;. 
for which reafon, after his father’s death, which hap- 

pened in 1648, he was placed with Sir Peter Lely; but 

the {mell of the oil-colours increafing- his head-ach, he 

quitted painting in a very fhort time. He was after- 
wards kindly taken by Dr. Bufby into his houfe, and 
fupported there, while he attended Weftminfter-{chool.; 
where he not only acquired a competent fhare of Greek 
and Latin, together with an infight into Hebrew and 

fome other Oriental languages, but alfo made himfelf 
mafter of a good part of Euclid’s- Elements ; and, as 

Wood afferts, invented 30 different ways of flying. 

About the year 1653 he went to Chrift-church in 
Oxford; and in 1655 was introduced to the Philofophi- 
cal Society there; where, difepvering--hie.mechapic ge- 
nius, he was firft employed to affift Dr. Willis, ‘in his 
chemical operations, and was afterwards recommended 
to Mr. Robert Boyle, whom he ferved feveral years 
inthe fame cupasity. He was alfo inftructed in aftro~ 
nomy about this time by Dr. Seth Ward, Savilian 
Profeffor of that {cience ; and from henceforward dif, - 
tinguifhed himfelf by many noble inventions and ime . 

rovements of the mechanic kind. He alfo invented . 
Pereral aftronomical inftruments, for making obfervae . 
tions both at fea and land, and was particularly fervices 
able to Mr, Boyle in completing the invention of the 
air-pump. In 1662 he was appointed Curator of Exper 
riments to the Royal Society ; and when that body was . 
eftablifhed by royal charter, he was in the lift of thofe, 
who were firft named by the council in May 20, 1663 5 
and he was admitted accordingly June 3, with a pecu- 
liar exemption from all payments. Sept. '28 of the fame 
year, he was named by lord Clarendon, chancellor of 
Oxford, for the degree of M. A.; and O&. 19 it was - 
ordered that the repofitory of the Royal Society fhouldy 
be committed to his care: the white gallery in Gre- 
tham-college being appropriated to that ufe. In May 
1664, he began to read the aftronomy le€ture at Gree - 
fham college for the profeffor Dr. Pope, then in Italy - 
and the fame year he was made Profeffor of Mechanics. 
to.the Royal Society by Sir John Cutler, with a falary 
of sol. per annum, which that gentleman, the founder, 
fettled upon him for life. Jan. 14, 1665, that fociety 
granted a falary alfo of 3ol-a year, for hig office of 
Curator of Experiments for life ; and the ntonth of ” 
March the fame year he was _eleGted profeffor.of geoy 
metry in Grefham-college. : 

In 1665 too, he publithed in folio, .his. Micrograp- 
phia, or fome Philofophical Defcriptions of Minute - 
Bodies, made by Magnifying Glaffes, with Obferva- . 
tions and Enquiries thereupon.’ - And the fame year, . 

-during the recefs of the Royal Society on account of.” 
the plague, he attended Dr. Wilkins and, other inge~ 
nious gentlemen into Surry, where they made feveral ° 
experiments. In 1666 he produced to. the Royal So- 
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eiety a:model for rebuilding the city of London, then 
deftroyed by the great fire, with which the Society was. 
well Jeafed 3 and the Lord Mayor and Aldermen pre- 
ferred it to that of the city ‘furveyor, though it hap- 
pened not to be carried into execution. The rebuilding 
of fhe city according to the a&t of parliament requiring 
able perfons to fet out the ground for the proprietors, 
Mr. Hooke was appointed one of the furveyors ; an 
> employment in which he got moft part of his eltate, as 
appeared from*a large iron cheft of money found after © 
his death, locked down with a key in it, anda date of 
the time, which fhewed it to have been fo fhut up above 
30 years. From 1668 he was engaged for many years 
ia a warm conteft with Hevelius, concerning the dif- 
ference in accuracy between obferving with aftronomi- 
cal inftruments with plain and telefcopic fights ;. in 
which difpute many lsarned men afterwards cogaged, 
-and in which Hooke managed fo ill, as to be univerfally 
condemned, though it has fince been agreed that he had 
the better fide of the queftion.—In 1771 he attacked 
Newton’s “ New Theory of Light and Colours ;” 
. where, theugh he was obliged to fubmit in refpeét to 
the argument, it is faidhe came off with more credit. 
The Royal Society having commenced their meetings 
at Grefham-college, November 1674, the Committee 
in December allowed him gol. to ere& a turret over 
part of his lodgings, for trying his inftruments, and 
making aftronomical obfervations: and the year fol- 
lowing he publifhed “ A Defcription of Telefcopes, 
and fome other inftruments made by R. H. with a 
Poftfcript,” complaining of fome injuitice done him b: 
their fecretary Mr. Oldenburg, who publifhed the Phi- 
a Tranfattions, in regard to his invention of 
en 
is with that gentleman, which ended in a declaration 
of the Royal Society in their fecretary’s favour,—Mr. 
Oldenburg dying in 1677, Mu Hooke was appointed 
to fupply his place, and began to take minutes at the 
meeting in Oétober, but did not publifh the Tranf- 
actions.—Soon after this, he grew more referved than 
fortierly ; and though he read bis Cutlerian Le@ures, 
often made experiments, and fhewed new inventions be- 
fore the Royal Society, yet hé feldom left any account 
of them to be entered in their egies 3 defigning, as 
he faid, to publifh them himfelf, which however he 
never performed.—In 1686, when Newton’s work the 
Principia was publifhed, Hooke laid claim to his dif- 
covery concerning the force and aétion of gravity, 
which was warmly refented by that great philofopher. 
Hooke, though a great inventor and difcoverer him- 
felf, was yet fo envious and ambitious, that he would 
fain have been thought the ouly man who could invent 
and difcover, This made him often lay claim to the 
inventions and difcoveries ‘of other perfons ; on which 
oceafions however; as well az in the prefent cafe, the 
thing was poral carried againft him. 

In the beginning of the year-1687, his brother’s 
daughter, Mrs.-Grace Hooke, who had lived with him 
feveral years, died: and he was fo affeGted with grief 
at her death, that he hardly ever recovered it, but was 
ebferved from that time t6 become lefs ative, more 
melancholy, and more cynical than ever. At the lame 
time, a chancery fuit in which. he was concerned with 

* Sir John Cutler, on account of his falary for reading 
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julum watches, This charge drew him into a dif- , 
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the Cutlerian Lectures, made him uneafy, and increafed. 
his diforder.—In 1691, he was employed in forming 
the plan of the hofpital near Hoxton, founded by. Ro- 
bert Aik, alderman of London, who appointed arch- 
bifhop Tillotfon one of his executors ; and in Decem- 
her the fame year, Hooke was created M. D. by a 
warrant‘from that prelate. In July 1696, the chancery 
fuit with Sir John Cutler was determined in his favour; 
to his inexpreffible fatisfaétion. His joy on that occa- 
was found in his diary thus expreffed ; DOMSHLGISSA 
that is, Deo, Optimo, Maximo, St honor, laus, gloria, in ; 
fecula feculorum, Amen. “ 1 was born, on this day of 
July 1635, and God hath given me a new birth: may 
I never forget his mercies to me! while he gives me 
breath may I praife him!—In the fame year 166, 
an order was granted to him for repeating moft of ‘his 
experiments at the expence of the Royal ociety, uy 

a promife of his finifhing the accounts, obfersetons, 
and deductions from them, and of perfecting the de- 
{cription of all the inftruments contrived by fin : but 
his increafing illnefs amd general decay rendered him 
unable to perform it, He. continued fome years in 
this wafting condition; and thus languithing till he 
was quite emaciated, he died March 3, 1702, in his 
67th year, at his lodgings in Grefham college, and was 
buried in St. Helen’s church, Bifho {gate ftrect ; hia 
corps being attended by all the members of the Royal 
Society then in London, 

As to Mr. Hooke’s. character, it is not in all re. 
{pects one of the moft amiable. In his perfon he 
made rather a defpicable figure, being but of a. thort 
ftature, very crooked, pale, lean, and of a meagre af- 
pee, with dark-brown hair; very long, and han; ing 
over his face lank and uncut. table to his perfon, 
his temper was penurious, thelancholy, and miftraftful: 
arid, though poffeffed of great philofophical knowledge, 
he had fo much ambition, that he would be thought 
the only man who could invent or difcover ; and hence 
he often laid claim to the inventions and difcoveries of 
others, while he boafted of many of his own which he 
never communicated. | In the religious part of his cha. _ 
rater, he was fo exemplary, that always expteffed'a 
great veneration for the, Deity ; and feldom received 
aay remarkable benefit in life, or made any confiderable 
difcovery in nature, or invented any ufeful contrivance, 
or found out any difficult problem, without fetting down 
his acknowledgment to God, as many places in his diary 
plainly thew.—His chief publications are, 

1. Leéiones Cutleriane, or the Cutlerian: Letures, 

2. Micrographia, or Defcriptions of Minute Bodies 
made by Magnifying Glaffes. . 

3. A Defcription of Heliofcopes, 

4. A Defcription of fome Mechanical Improvements 
of Lamps and Water-poifes. 

5+ Philofophical Colle¢tions, 

6. Pofthumous Works, collected from his papers by 
Richard Waller fecretary to the Royal Society. Be. 
fides a number of papers in the Philo Tranf. volumes 
Ty 2, 3) 5» 6, 9, 16, 17, 22. desk : : 

HORARY, fomething relatiag to Flours, As, 

Horary Circles, hour lines ‘or circles, marking the 
hours, or drawn at the diftance of hours from oné ans 


Horary Motion, is the motion or fpace moved in an 
4H2 * ‘hour. 
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hour... Thus, the Horary motion of the earth on her 
axis, is'15°; for, completing her revolition of 360% in 
24 hours, therefore the motion in one ‘hour will be the 
24th part of 360°, which is 15 degrees. ; 

~ HORIZON, in Aftronomy, a great circle of the 
fphere, dividing the world into two parts, or hemi- 
fpheres; the one upper, and vifible; the other lower, 
and hid, : 

The Horizon is either Rational or Senfible. 

Horizon, Rational, True, or Affronomical, called 
alfo fimply and abfolutely the Horizon, is a great cir- 
cle having its plane paffing through the centre of the 
earth, and its poles are the zenith and nadir. Hence 
all the points of the Horizon, quite around, are at a 
quadrant diftance from the zenith and nadir. Alfo the 
meridian and vertical circles cut the Horizon at right 
ingles; and into two equal parts. 

or1z0Nn, Apparent, Senfible, or Vifible, is a leffer 
circle of the fphere, parallel to the rational Horizon, 
dividing the vifible part of the fphere from the invifible, 
and whofe plang touches the ipherical furface of the 
earth, : 
“The fenfibl€ Horizon is divided into Eaftern and 
Weltern; the Eaftern or Ortive being that in which 
the heavenly bodies rife; and the Weftern, or Occi- 
dual, being that in which the fet. 

Horizon, in Geography, is a circle dividing the vi- 
fible part of the earth and heavens from that which is 
invifible. "This is peculiarly called Senfible or Appa- 
rent Horizon, to diftinguith it from the Rational or 
True, which paffes through the centre of the earth ; 
as already obferved. Thefe two Horizons, though 
diftant from one another by the femidiameter of the 
earth, will appear to coincide when ‘continued to the 
{phere of the fixed ftars; becaufe the earth compared 
with this fphere is but a point. 

By Senfible Horizon is alfo often meant a circle 
which determines the fegment of the furface of the 
earth, over which the eye can reach; called alfo the 
Phyfical Horizon. And in this fenfe we fay, a fpa- 
cious Horizon, a narrow or feanty Horizon, &c; de- 
pending chiefly on the height the eye is elevated above 
the earth, : 











For, it & evident that the higher the-eye is placed; 
the farther is the vifible Horizon extended.’ “Thus, if 
tlie eye beat A, at the height AD above the earth 5. 
draw the two tangents AA, Ar ;. and let one of thefe 
Jines Ad, be moved’ round: the point A, and In its re- 
yolution always touch the furface of the earth; then 
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&c. But if the eye be:placed higher as at B, the tan- 
gents BH and BR will reach farther, and the vifible 
Horizon HOR will be larger. : : 

The vifible Horizon is moft accurately obferved at 
fea, and is therefore fometimes called the Horizon of 
the fea. In obferving this Horizon, the vifual rays 
Ad and Ar will, om account of thé curve furface ot the 
fea, always point’a little below the true fenfible Hoxi-.” 
zon SS or EF, and confequently below the rational 
Horizon TT, which is parallel to it. ; nel 

To find the Depreffion of the Horizon of the fea 
below the true Horizon, which varies with the height 
of the eye, and in a {mall degree with the variation of 
the refractive power of the atmofphere, fee Derres- 
SION. 

As to the right-lined diftance, or tangent EA, it may 
be found thus; as-radius : fin. 2C:: CA: Ad, 

or thus; as‘radius ; tan. 2C:: Ch : Ad, 

either of which will be nearly the fame as the are or 
curved diftance D4, Or, without finding the angle'C, 
thus; the {quare of Ad is equal to the difference of 
the {quares of CA and CA, i, e. A = CA*— Ch? = 


CA + Ch x CA — Ch = CA + Ch x AD, and 


hence AA = VGA GCs x AD, which is alfo equal 
to AA nearly. : 

The diftance on a perfe& globe, if the vifual rays 
came to the eye in a ftraight Ene, would be as above 
ftated: but by-means of the refraction of the atmo- 
{phere, diftant objeéts on the Horizon appear higher 
than they really are, or appear lef{s depreffed below the 
true Horizon SS, and may be feen at a greater diftance, 
efpecially on the fea. “M. Legendre, in his Memoir qn, 
Meafurements of the Earth, in the Mem. Acad. Sci. 
for the year 1787, fays that; from feveral experiments, 
he is induced to allow for refraction a 14th part of the 
diftance of the place obferved, expreffed in degrees and 
minutes of a great circle.. Thus, if the diftance be 
14000 toifes, the refraction. will be 1000 toifes, equal, 
to the 57th part of a degree, or 1° 3°. 

Horizon of the Globe, a broad wooden circle. 
Grose. 

HORIZONTAL, fomething that: relates to the 
Horizon, or that is taken in the Horizon, or on a level: 
with or parallel to it. Thus, we fay, a Horizontal, 
plane, Horizontal line, Horizontal diflance, &c. 

Horizontat Djal, is one drawn on a plane patal-. 
lel to the horizon ; having its gnomon or ftyle ‘elevated: 
according to the altitude of the pole of the place it is, 
defigned for. 

Hovearnas, Diftance, is that eftimated in the dis 

reGion of the horizon, . 
_ Hortzontar Line, in. PerfpeAive, is a right line 
drawn through the principal point, parallel to the ho- 
rizon ; or it is the interfeétion of the Horizontal and: 
perfpective planes. 

Horrzontax Line, or bafe of a hill, in Surveying, 





See. 


’ aline drawn on the Horizontal plane of the hill, or 


that on which it ftands. 
Horizontat Moon. See Apparent MacnitunEs 
Horizonraz Parallax. See Paratrax. 
Horizontau Plane, is that which is parallel‘to the 
horizon of the place, or not inclined to it. 
: Horizontap 
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“Horizontai Plane, ‘in Perfpedtive. © See Prane. 

Hoxizonrat Projedion. See Projection, and 
Map. - - ; 

Hortzonrar Range, of a piece of ordnance, is-the 
dittance at which it falls on,-or {trikes the horizon, or 


on a Horizontal plane, whatever be the angle of eleva- ° 


tion or direétion of the piece. When the piece is 
pointed parallel to the horizon, the range is then called 
* the point-blank or point-blane range. 

The greatdt Horizontal range, in the parabolic 
theory, or in a vacuum, is that made with the piece 
elevated to 45 degrees, and is equal to double the height 
from which a heavy body mult freely fall to acquire the 
velocity with which the fhot-is difcharged. “Thus, a 
fhot being difcharged with the velocity of » feet per 
fecond ; becaufe gravity generates the velocity 2g or 
32x feet inthe firit fecond of time, by falling 167; or 
g feet, and becaufe the {paces defcended are as the 

ew 
3 : Ge 
the fpace a body mutt defcend to acquire the velocity v 
of the fhot or the {pace due to the velocity v; confe- 
: 2 2 
quently the double of this, or = = ar is the greateft 
8, * 
Horizontal range with the veloeity v, or at an elevation 
of 45 degrees; which is nearly half the fquare of a 
quarter of the velocity. 
In other elevations, the Horizontal range is as the 
dine of double the angle of elevation ; fo that, any other 
elevation being ¢, it will be, 


{quares of the velocities, therefore as. 4g% ut: 


. . vy 
asradius 1: fin, 2¢:: -— : —— x fin. 2¢, the range at 
325 325 


the elevation ¢, with the velocity v. 

But in a refitting medium, like the atmofphere, the 
actual ranges fall Ee thort of the above theorems, in 
fo much that with the great velocities, the a€tual or 
‘real ranges may be Jefs than the roth part of the po- 
tential ranges ; fo that fome balls, which actually range 
but a mile or two, would in vacuo range 20 or 30 
miles.) And hence alfo it happens that the elevation 
‘of the piece, to. fhoot fartheft in. the refitting medium, 
is always below 45°, and gradually the more below it 
as the velocity is greater, fo that the greater velocities 


with which balls are difcharged from cannon with gun- * 


powder, require an elevation of the gun equal to but 
about 30°, or even lefs. And the lefs the fize of the 
balls is too, the lefs muit this angle of elevation be, to 
‘thoot the fartheft with a given velocity. See Proyec- 
TILE, and GuNNERY. . 

Horizonrar Refraétion. See Rerraction. 

Horizontat Speculum, one to find a horizon at 
Sea, &c, when the atmofphere is hazy near the hori- 
zon, by which the fight of it is prevented. 

A fpeculum of this kind was invented by a Mr. Ser- 
fon, on the principle of a top fpinning, which always 
keeps its upright pofition, notwithfanding the motion 
of the fubitance it fpins upon. This curious inftru- 
ment, as it has fince been improved by Mr. Smeaton, 
confifts of a well polithed metal fpeculum, of about 3 
inches and a half m diameter, inclofed within a circular 
rim of brafg; fo fitted that the centre of gravity of 
the whole fhall fall near the point on which it fpins. 
This is the end of a fteel axis tunning through the 
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centre of thé fpeculum, above which it finithes ina 
{quare, for the conveniency of fitting a roller on it, 
which Tets it in motion by means of a piece of tape 
wound about the roller. s 

Various other contrivances to form artificial horizons 
have beén invented by different perfons, as glafs planes 
floating on mercury, &c. See Hapisy’s Quaprant, 
and feveral inventions of this fort in the Philof. Tranf. 
by Elton, Halley, Leigh, &c. vol. xxxvii, P- 273, vol. 
XXxViii, p. 167, vol. xl, p. 413, 417, &c. 

HORN-Work, if Fortification, a fort of out-work,, 
advancing toward the field, to cover and defend a cur- 
tin, baftion, or other piace, fufpected to be. weaker: 
than the reft; as alfo to poflefs a height ; carrying in 
the fore-part, or head, two demi-battions, refembling 
horns: thefe horns, epaulments, or fhoulderings, being, 
joined by a curtin, fhut up on the fide by two,wings,, 
parallel to one another, are terminated at the gorge of 
the work, and fo prefent themfelves to the enemy. 

HOROGRAPHY, the art of making or.conftrué- 
ing dials ; called alfo Dialling, Horologiography, Gno- 
monica, Sciatherica, Photofciatherica, &c. 

HOROLOGIUM, a common nathe,, among an- 
cient writers, for any inftrument or machine for mea- 
furing the hours. See Crocx, Warcn, Sun-Diat,. 
Curonomerer, Crersypra, &c. 

HOROMETRY, the art of meafuring or dividing 
time by hours, and keeping the account of time. 





HOROPTER, in Optics, is a right line drawn 
through the point where the two optic axes meet, pa- 
rallel to that which joins the centres of the two eyes, 
or the two pupils. “As the line AB drawn through C 
the point of concourfe of the optic axes of the eyes, 
and parallel to HI joining the centres of the eyes.—.- 
This line is called the Horopter, becaufe it is found to 
be the limit of diftin@ vifion. It has feveral proper 
ties in Optics, which are defcribed: at large in Aguillo- 
nius, Opt. lib. 2, difs. 10. 

HOROSCOPE, in Aftrology, is the afcendant or 
firft houfe, being that part of the zodiac which is jatt 
ifing In the eaitern fide of the horizon at any propofed 
time, when a fcheme is to be fet or calculated, or a pre- 
diGtion made of any event; See AscEnnaxt. 

Horoscore is alfo ufed fora fcheme or figure of the 
‘12 celeftial houfes ; i, e. the 12 figns of the zodiac, in. 
which is marked the difpofition of the heavens for 
any given time. Thus it is faid, To draw or conftruct 
a Hlorofcope or icheme, &c,. And it is more peculiarly- 

called,, 
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called; Calculating a nativity, when the life and fortune 
of aperfon are the fubje& of predidtion. 

Lunar Horoscope, i the poiat the moon iffues oft 
of, when the fun is in the afcending point of the eal ; 
and is alfo called-the Part of Fortune. 

Horoscore: was alfo a mathematical inftrument, 
dn manner of a planifphere ; but now difufed. It was 
invented by J. Paduanus, who wrote a fpecial treatife 
upon it. 

HORROR of 2 Vacuum, an imaginary principle 
among the more ancient philofophers, to which they 
vafcribed the afcent of water in pumps, and other fimi- 
‘lar phenomesa, which are now known to be occafioned 
dy the weight of the air. 

HORROX hale! an eminent. Englifh aftro- 
omer, was born at Toxteth in Lancafhire, about the 
year 4619. From a grammar {chool in the country, 
“he was fent to Cambridge, where he {pent fome time 
in academical ftudies. About 1633 he began to apply 
himfelf to the ftudy of aftronomy : but living at that 
stime with his father at Toxteth, in very moderate cir- 
cumftances, and being deftitute of books and other af- 
‘fiftances for fuch ftudies, he could not make any confi- 
derable progrefs in it. About the vear> 1636, he 
formed an acquaintance with Mr. William Crabtree, 
of Broughton near Manchefter, who was engaged in 
the fame ftudies, with whom a mutual correfpondence 
was carried on till his death ; fometimes communicat- 
ng their improvements to Mr. Samuel Fotter, profeffor 
of geometry at Grefham College in London. Having 
now obtained a companion in his {ludies, Mr. Horrox 
afflumed new vigour, procured other initruments and 
books, and was purfuing his fudies aad obfervations 
with great affiduity, when he was fuddenly cut off by 
death, the 3d of January 1649, in the 22d year of his 
age. 

e What we have of his writings is fufficient to thew 
how great a Jofs the world had by his death. He had 
juft finithed his Venus in Sole vifa, 1639, a little before, 
‘as appears by fome of the Ictters to his friend Mr. 
Crabtree, by which alfo it appears that he made his 
obfervations on that phenornenon at Hool near Liver- 

ool. This tract, of Venus feen in the Sun, was pub- 
lifted at Dantzick in 1668, by Hevelius, together 
with his own Mercurius in Sole vifus May 3, 1661. 
His other pofthumous works, or rather his imperfect 
papers, were publifhed by Dr. Wallis, in 1673, 4to, 
with fome account of his life; in which we find he 
firit afferts and promotes the Keplerian altronomy 
againit the hypothefis of Lanfberg ; which he proves 
-to be inconfiftent with itfelf, and neither agreeing with 
obfervations nor theory. He likewife reafons very 
juftly concerning the celeftial bodies and their motions, 
vindicates Tycho Brahe from fome objections made to 
his hypothefis, and gives a new theory of the moon: 
to which are added the Lunar Numbers of Mr. Flam- 
fteed. There are alfo extracts from feveral letters be- 
tween him and Mr. Crabtree, upon various aftronomi- 
cal fubje&s; with a catalogue of aftronomical obfer- 
vations. 

There are two things particularly which will perpe- 
.tuate the memory of thts very extraordinary young man. 
The one is, that he was the firft that ever predited or 
Saw the planet Venus in the fun; for we do not find 
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that any perfons, befides himfelf and Mr, Crabtree, 
ever beheld fuch a phenomenon. Though he was not 
apprifed of the great ufe that was to be made of it, ia 
difcovering the parallax and diftance of the fun and 
planets, yet he made from it many ufefal cbfervations, 
correChons, and improvements in the theory of the mo- 
tions of Venus.—Secondly, his New Theory of Lunar 
Motions, which Newton himfelf made the ground work 
of all his aftronomy, relative to the moon, who always * 
fpoke of our author as a genius of the fittt rank, 

HORSE-Suoe, in Fortification, is a werk fome- 
times of a round, fometimes of aa oval figure, inclofed 
with a parapet, raifed jn the ditch of a marfhy place, 
or in low grounds; fometimes alfo to cover a gate; 
or to ferve as a lodgment for foldiers, tp prevent fur- 

rifes, or relieve an over-tedious defence. 

HOSPITAL, or Horiray (Wittiam-Francis- 
Antuony, marguis of), a celebrated French mathe- 
matician, was born of an ancient family m 1661, He 
was a mathematician almoft from his infancy ; for 
being one day at the duke of Rohan’s, where fome 
able mathematicians were {peaking of a problem of 
Pafeal’s, which appeared to them very difficult, he 
ventured to fay, that he believed he could refolve it, 
They were farprifed at fuch prefumption in a boy of 
15, for he was then no more ; however, in a few days 
he fent them the folution. 

M. PHofpital enterediearly into the army, and was.a 
éaptain of horfe ; but being very fhort-fighted, and on 
that account expofed to perpetual inconveniences and 
errors, he at length quitted the army, and applied him- 
felf entirely to his favourite amufement.—He contracted 
a friendfhip with Malbranche, and took his opinion 
upon all occafions.—In 1699 he was received an hong- 
rary member of the Academy of Sciences at Paris. 

He was the firft perfon in France who wrote upon 
Newton’s analyfis, and on this account was regarded al. 
moit as a prodigy. His work was entitled ?Analy/e 
des Infinimens Petits, 1696. He engaged afterwards in 
ancther mathematical work, in which he included Les 
Seétions Coniques, les Lizux Géometriques, la Conflrudtion 
des Equations, et une Théorie des Courbes Mechaniques : 
but, a little before he had finifhed it he was feized with 
a fever, which carried him off, the 2d of February 
1704, at 43 years of age. The work wastpublithed 
atter his death, viz, in1707. There are alfo fix of his 
pieces inferted in different volumes of the Memoirs of 
the Academy of Sciences, - 

HOUR, in Chronology, an aliquot part of a natural 
day, ufually the 24th, but fometimes a 12th part. With 
us, it is the 2g4th part of the earth’s diurnal rotation, 
or the time from noon to noon, and therefore it an- 
fwers to 15 degrees of the whole circle of longitude, 
or of 360°. The hour is divided by 6oths, viz,. firt 
into 60 minutes, then each minute into 60 feconds, 
&e 

The divifion of the day into Hours is very ancient ; 
as is fhewn by Kircher, Oedip. A.gypt. tom. 2, par. 2, 
clafs 7 cap. 8. The moft ancient Hour is that of the- 
12th part of the day. Herodotus, lib. 2, obferves, 
that the Greeks learnt from the Egyptians, among 
other things, the method of dividing the day into 12 
parts. And the aftronomers of Cathaya, &c, dtill re. 
tain this divifion, . 
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‘The divifion of the day: into 24 hours, was not 
known to the Romans before the Punic war, Till 
that time they only regulated their days by the rifing 
and fetting of the fun. They divided the 12 hours of 
their day into four ; viz, Prime, which commenced at 
6 o’clock, Third at 9, Sixth at r2,.and None at 3. 
They alfo divided the night into four watches, each 
containing 3. Hours. : 

There are various kinds of Hours, ufed by chrono- 
logers, aftranomers, dialifts, &c. Soraetimes too, 

Hours are divided into Equal and Unequal. 

Equal Vours, are the 24th parts of a dey aud night 
precifely ; that is, the time in which the 15 degrees of 
the equator pafs-the meridian. Thefe are all> called 
EqtinoGial Hours, becaafe meafured on the equi- 
nottial; and Aitronomical, becaufe ufed by aitronomers. 

Aflvonomical Hours, are equal Hours, reckoned 
from noon to noon, in a continued feties of a4. 

Babylonifo Hours, are equal Hours, reckoned from 
fun-rife in“a continued feries of 24. 

European Hovrs, ufled in civil computation, are 
equal Hours, reckoned from midnight; 12 from 
thence till noon, and 12 more from noon till midnight. 

Feuife, or Planetary, oy Ancient Hours, are 12th 
parts of the artificial day and night. They are called 
Ancient or Jewith Heurs, beciate ufed by the ancients, 
und ftill among the Jews. They are called Planetary 
Hours, becaufe the aftrologers pretend, that a new 
planet comes to predominate every Hours; and that 
the day takes its denomination from that whieh pre- 
dominates the fir Hour of. its as. Monday from the 
moon, &c, 

Jtalian Vours, are equal Hours, reckoned from fun- 
fet, in a continued feries.of 24. 

* Onequal or Temporary Hours, are-r2th parts of the 
artificial day and night. The obliquity of the {phere 
renders thefe-more or lefs unequal at different times ; 
fo that they only agree with the equal’ Hours at the 
times of the equinoxes. 

Hour-Circles, or Horary-Circks, are great Circles, 
meeting in the poles of the globe or world,. and crofling 
the equinoétial or equator at right angles ; the fame as 
meridians: They are-fuppofed to be drawn through 
every 15th degree of the. equinoétial and equator, each 
anfwering to an hour, and dividing them into 24 equal 
parts; and-on both globes they are fupplied by the 
meridian Hour-circle and index. . 

Hovr.Glef, a popular kind of chronometer or clep- 
fydra, ferving tameafure time by the defcent or running 
of fand, water, &e, out of one glafs veffel into another. 
— The belt, it isfaid, are fach as, inftead of fand, have 


ope fuels, wall dried in the. oven, then béaten fine and. 
fi 


ited, 

Hevur-Zines, ona Dial, are lines which arife from 
the interfeétions of the plane of the Dial, with tlie 
feveral planes of the Hour-circles of the fphere ; aad 
therefore muft be.all right lines on a plane Dial... 

Hovr-Seale, a divided 
quadrant, being only two lines of tangents of 45 degrees 
each, fet together in the middle. Its auie,. together 
with the Hnes. of latitude, is to draw the Hour-lines of 
Dials that. have ceutres,.by means of an equilateral 
triangle, drawn on the dial-planes. 


HOWITZ, or Howitzer, in Artillery, a kind of 
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mortar, or fomething between a cannon and mortar,- 
partaking of the nature of both, being either a tery 
fhort gua or along mortar. It is of German invention, 
and is mounted upon a carriage like a travelling gun- 
carriage, with its trunnions placed nearly in the middle. 
The Howitz is one of the moft ufelul kinds of ord. 
nance, as it can be employed occafiondlly either as a 
cannon or mortar, difcharging either fhells or grape flrot, 
as well as balls, and fo loing great execution. The 

are alfo very eafily travelled about from place to pace 

HUMIDITY, or moifture, the power or quality 
of wetting or moiftening other badics, and adhering to 
them. 

Fluids are moift to fome bodies, and not to others. 
Thus, quickfilver is not moiit in re{fpe& to our hands 
or clothes, and other things, which it will not fick to $. 
but it may be called Humid in reference to gold, tin, 
or lead, to the furfaces of which it will prefently ad- 
here, and render them foft and moift. Even water 
itfelf, which wets almoft every thing, and is the great 
flandard of moifture and Humidity, is not capable of 
wetting all things; for it ftands or runs of in globular 
drops trom any thing greafed or oiled, or the leaves of 
cabbages, and many other planets; and ft will not 
wet the feathers of. ducks, geefe, {wans, and other. 
water-fowl. 

HUNDRED, 
fquare of 10. | The 
third in order in the 
being denoted thus 100. 
is denoted. by, the letter: 
name, Centum. ‘s 

Hunprep Weight, or the great ‘Hundred, contains 
Ir2 pounds weight. It is fubdivided into 4-quarters,, 
and each quarter into 28 Ibs. : 

HURTERS, ia Fortification, denote pieces of tim- 
ber, about 6 inches fquare, placed at the lower end of 


place of Hundreds makes the 


In the Roman notation it 


the numker of ten times ten, or the - 
Arabic or madern numeration, « 


C, being the. initial of irs» 


the platform, next to the parapet, to prevent the wheels : 


of the gun-carriages from damaging the parapet. 
HUYGENS (Curisrian), a very eminent altrono. 
mer and mathematician, 


was born at the Hague in. 


Holland, in 1629, being the fon of Conftantine Hay- - 


gens, lord of Zuylichem, who had ferved three fucceflive 
princes of Orange in the quality of fecretary.’ He 
{pent his whole life in cultivating the- mathematics ; 
and not in the {peculative way only, but alfo in mak- 
ing them fubfervient to the wufes of life. From his in- 


fancy he difcovered an extraordinary fondnefs for the ° 


mathematics ; ina fhort time made a 
thenr; and perfected himfelf in thofe ftudies under pro- 
feffor Schooten, at. Leyden. 
Holftein and Denmark, in the retinue of Henry count 
of. Naffau ; and was extremely defirous of going to 
Sweden, 
country with the queen Chrittina, but the count’s fhort 
ftay in Denmark would not permit him,—In 16 5st hegave 
the world a fpecimen of his genius for mathematics, in 


great progrefs in. . 


- In 1649 he went. to + 


to vit Des Cartes who: was then in that’ - 


a treatife intitled, Thecremata de Quadratura Hyperboles, .. 


Zlliphs, & Circuli, ex dato Portionum Gravitatis Centro ; 
in which he-clearly thewed what might be expeéted 
from him afterwardss——In: 16 3 he travelled into 
France, and teok the degree of LL.D. at Angers, — 
In 1658 he publihed his Horolugium Ofeillatorium, foe 
de Motu Pendulorum, &c, at the Hague. . He had ex- 


hiblied... 


HUY. 
‘hibited in a former work, intitled, Brevis: Infritutio de 
ae Horologiorum ad inveniendas Longitudines, a model 
-of a new invented pendulum ; but as fome perfons, en- 
vious of his reputation, were labouring to deprive him of 
the honoor of the invention, he wrote this book to ex- 
plain the -conftraétion of it; and to fnew that it was 
very different from the pendulum of aftronomers in- 
vented by ‘Galileai—In 1659 he publithed -his. Sy/ema 
Saturninum, &c 3 i which he firft of any one explained. 
the ring of Saturn, and difcovered alfo one of the fatel- 
litesbelonging to that planet, which bad hitherto efcaped 
the eyes of aftronomers: new -difcoveries, made with 
giaffes of his own forming, which gained him a high 
rank among the aftronomers of his time. 
In 1660, he took a fecond journey: into France, and 


the year after paffed over into England, where he com- - 


ynunicated his art of polifhing glafles for telefeopes, and 
‘was made Fellow of the Royal Society. About this 
time the air-pump was invented, whick received confi- 
derable improvements from him. This year alfo he dif- 
covered the laws of the collifion of elaftic bodies; as 
did alfo-about this time. Wallis and Wren, with whom 
he had a difpute about the honour of this difcovery. 
Upon his return to France, in 1663, the minifter Col- 
bert, being informed of his great merit, fettled a confi- 
derable pention upon him, to engage him to fix at 
Paris; to which Mr. Huygens confented, and ftaid 
there from the year 1666 to 1681, where he was ad- 
mitted a member of the Academy of Sciences. All 
this time he {pent in. mathematical purfuits, wrote fe- 
veral books, which were publifhed from time to time, 
and invented and perfeéted {everal ufeful inftruments 
and machines: particularly he had a difpute, about the 
year 1668, with Mr. James Gregory, concerning the 
Quadrature.of the Circle and Hyperbola of thé latter, 
then juit publifhed, in which Huygens it feems had the 
better fide of the queftion. But continual application 
gradually impaired his health; and though he had 
vifited his native country twice, viz, in 1670 and 1675, 
for the recovery of it, he was now obliged to_betake 
himfelf to it altogether. Accordingly he left Paris in 
1681, and retired to his own country, where he fpent 
the remainder of his life in the fame purfuits and em- 
ployments. He died at the Hague, June 8, 1695, in the 
67th year of his age, while his Co/motheoros, or treatife 
concerning a plurality of worlds, was printing ; fo that 
this work did not appear till 1698. 

Mr, Huygens loved a quiet and ftudious manner of 
life, and frequently retired into the country to avoid 
interruption, but did not contra that morofenefs 
which is fo commonly the effeét of folitude and retire- 
ment. He was one of the pureft and moft ingenious 
mathematicians of his age, and indeed of any other; 
and made many valuable difcoveries. He was the firft 
who difcovered Saturn’s ring, and a third fatellite of 
that planet, as mentioned above. He invented the 
means of rendering clocks exact, by applying the pen- 
dulum, and of rendering all its vibrations equal, by 
the cycloid.. He brought telefcopes to perfetion, and 
made many other ufeful difcoveries. : 

He was the author of many excellent works. The 
principal of thefe are now contained in two collec- 
tions, of 2 volumes each, printed in 4to, under the care 
of profeffor Gravefande. The firft was at Leyden 
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in 4682, under the title of Opera Varia ; and the fecond 
at Amfterdam, in 1728, entitled Ofera Religua. 

HY ADES, a clufter of 5 -flars in the face of the 
conftellation Taurus, or the Bull. 

HYALOIDES, the vitreous humour of the eye 
contained between the tunica-retina arid the uvea. 

HYBERNAL Occident. See Occident. 

Hysernar Orient. See Orient. : 

HYDATOIDES, the watery humour of the eye - 
contained between the cornea and the urea. 

HYDRA, a fouthern conftellation, confitting of a: 
number of ftars, imagined to reprefent a. water fer- 
pent. The ftars in ake conftellation Hydra, in Pto: 
lomy’s catalogue, are 27 ; in T'ycho’s, 19; in Heve- 
lius’s, 33 ; and in the Britannic catalogue, 60. 

HYDRAULICS, the {cience of the. motion of - 
water and other fluids, with its application in artificial 
water-works of all forts.—As to what refpects merely 
the equilibrium of fluids, or their gravitation. or 
ation at reft, belongs to Hydroftatics. Upon remov- 
ing or deftroying that equilibrium, motion enfues ; 
and here Hydraulics commence. Hydraulics therefore 
fuppofe Hydroftatics; and many writers, from the 
near relation between them, like mechanics and ftatics, 
join the two together, and treat of them conjointly aw 
one {cience, 

The laws of Hydraulics are given under the word 
Fluid. And the art of raifing water, with the feveral 
machines employed for that purpofe, are defcribed 
under their feveral names, Fountain, Hydrocanifterium 
Pump, Siphon, Syringe, &e. ‘A 

The principal writers who have cultivated and im. 

roved Hydraulics and Hydroftatics, are Archimedes, 
in his Libris de Infidentibus Humido ; Hero of Alexan- 
dria, in his Liber Spiritualium; Marinus Ghetaldis, 
in his Archimedes promotus; Mr. Oughtred; Jo. 
Ceva, in his Geometria Motus; Jo. Bap. Balianus, 
De Motu Naturali Gravium,, Solidorum et Liquido- 
rum; Mariotte, in his treatife of the Motion of Water 
and other fluide ; Boyle, in his Hydroftatical Para- 
doxes ; Fran. Tertius de Lanis, in his Magifterium Na+ 
ture et Artis; Lamy, in his Traité de PEquilibre 
des Liqueurs ; Rohault; Dr. Wallis, in his Mechanics ; 
Dechales ; Newton, in his Principia; Gulielmeni, in 
his Menfura- Aquarum Fluentium ; Herman ; Wolfius; 
Gravefande'; Muffchenbroek ; Leopold ; Schottus, in 
his Mechanica Hydraulico-Pneumatica; Geo. Andr, 
Bockler, in his Architeétura Curiofa Germanica ; 
Auguft. Rammilleis; Lucas Antonius Portius; Stur. 
my, in his treatife on the Conftruétion of Mills; 
Switzer’s Hydroftatics.; Varignon, in the Mem. Acad. 
Sci.; Jurin; Belidor ; Bernoulli; Defaguliers; Clare ; 
Emerfon ; Fergufon ; Ximenes; Boffu; D’Alembert 5 
Buat ; &c, &c. 

HYDRAULICO-Preumaricat, a term applied 
by fome authors to fuch engines as raife water by 
means of the weight or {pring of the air. 

HYDROGRAPHICAL Charts or Maps, more 
ufually called fea-charts, are projections of {ome part. 
of the fea, or coaft, for the ufe of navigation- : 

In thefe are laid down all the rhumbs or points of 
the compafs, the meridians, parallels, &c, with-the 
coafts, capes, iflands, rocks, fhoals, fhallows, &c, in 
their proper places, and proportions, a 
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‘The making and’ felling thefe charts was for fome 
me the employment of Columbus, the-firft difeoverer 
ef America. The ftory goes, that happening to be 
heir to the memoirs and journals of one Alonzo 
Sanchez de Huelva, a noted pilot and captain of a 
fhip, who by chance had been driven by.a ftorm to 
the ifland of St. Domingo, and- dying at Columbus’s 
houfe foon after his return, this gave Columbus the 
-firt hint to attempt a difcovery of the Weft Indies, 

For the conftrution and ufe of the feveral kinds 
of Hydrographical Maps, fee Cuart, and Saitinc. 

HYDROLOGY, is that part of natural hiftory 
which examines and explains the nature and properties 
of .water in general. ~ 

HYDROMANCY, the aé& or art of divining or 
foretelling future events by means of water. 

This is one of the four general kinds of divination: 
the other three refpecting the other elements, fire, air, 
and earth, are- denominated refpectively pyromancy, 
aeromancy, and geomancy. 

Varro mentions the Perfians as the firll inventors of 
‘Hydromancy, adding, that Numa Pompilius and Py- 
thagoras made ‘ufe of it. 

‘The writers on optics furnifh us with divers Hydro- 
mantic:-machines, veffels, &c. For example, 

To conftrué&t an Hydromantic machine, by means 
of which an image or objeét fhall be removed out of 
the fight of the fpeGtator, and reftored again at plea- 
fare, without altering the pofition, either of the one or 
the other. Provide two veflels, ABF, CGLK (Plate 
14, fig. 3), the-uppermoft filled with water, and fu 

orted by. three little pillars, one of which BC is hol- 

low, and farnifhed with a cock B. 
veffel CL be divided by a partition HI into two parts, 
the lower of which may be opened or clofed by 
means of a cock at P. Upon the partition place an 
object, or image, which the, fpeétator at O cannot fee 
by a direét ray GL. 

‘If now the cock B be opened, the water defcend- 
ing into the cavity CI, the ray GL will be refraéted. 
ftom the perpendicular GR to O; fo that the fpecta- 
tor will now fee the objeét by the refrafted ray OG. 
And again, fhutting the cock B, aid opening the other 
P, the water will defcend into the lower cavity HL; 
where, the refraction ceafing, no rays will now come 
from the object to the eye: but upon fhatting the cock 
P, and opening the other B, the water will fill the 
cavity again, and bring the obje& in fight of O afrefh. 

| To make-an Hydromantic veffel, which thall exhi- 
bit the images of external objects as if fwimming in 
water. Provide a cylindrical veffel ABCD (lig. 4, 
pi. 12.) divided into two cavities by a glafs EF, not 
perfectly polifhed: in G apply a leus convex on both 
fides; and in H incline a plane mirror, of an elliptic 

xe, to an angle of .45 degrees ; and let 1H and HG 
be fomething lefs than the diflarce of the focus of 
the lens G ; fo that the place of the images of an ob- 
jeQt radiating through the fame may fall within the 
cavity of the upper veflel : Jet the inner cavity be black- 
ed, and the upper filled with clear water.—If now the 
veffel be difpofed in a dark place, fo as the lens be 
turned towards an cbjeét illuminated by the fun, its 
image will be feen as fwimming in the water. 

HYDROMETER, an initrument for meafuring 

Vou L : 


L605: T 


Let. the lower. 


the properties and effects of water, atts denfity, gras” 
vity, force, velocity, &e. - 

That with which the {pecific gravity of water is de« 
termined, is often called an aerometer, or water-poife, 

The “general principle on which the. conftruGtion 
and ufe of the Hydrometer depends, hasbeen illuftrated 
under the article Specife Gravity ; where it is thewn 
that a body fpecifically lighter than feveral fluids, will 
ferve to find out their fpecific_gravities ; becaufe it will 
fink deepett in the fluids whofe {pecific gravity is the leaft. 
So if AB (fig. 5, pl. 12) be a fmall even gilafs tube, her- 
metically fealed, having a feale of equal divifions marked 
upon it, with a hollow ball of about an inch in dia- 
meter at bottom, and a fmaller ball C under it, com. 
municating with the firft; into the little ball is put 
mercury or {mall fhot, before the tube is fealed, fo that 
it may fink in water below thie ball, and float or ftand 
upright, the divifions on the ftem fhewing how far it 
finks.—If this inftrument be dipped in common water, 
and fink to D, it will fink only to fome lower point E 
in falt water; but in port wine it will fink to fome 
higher point F, and in brandy perhaps to B. 

It is evident that an Hydrometer of this kind will 
only fhew that one Kquid is fpecifically heavier than 
another ; but the true fpecific weight of any liquid 
cannot be determined without a calculation for this 
particular initrument, the tube of which fhould be truly’ 
cylindrical. Befides, thefe inftruments will not ferv 
for fluids whofe denfities are much different. ; 

Mr. Clarke conftru@ed a new Hydrometer, thewing’ 
whether any fpirits be proof, or above or below ks 3 
and in what degree. This inflrument was made of a: 
ball of copper (becaufe ivory imbibes {pirituous liquors, - 
and glafs is apt to break), to which is foldered a brafs 
wire about a quarter of an inch thick} upon this wire 
is marked the point to which it exaétly finks in proof 
{pirits ; as alfo two other marks, one above and one 
below the former, exaétly anfwering to one-tenth above’ 
proof and one-tenth below proof. There are alfo a‘ 
number of {mall weights made to add to it, fo as to 
anfwer to the other degrees of ftrength befides thofe 
above, and for determining the fpecific gravities of: 
different fluids. Philof. Tranf. Abr. vol: vi, Pp. 326. ° 

Dr. Defaguliers contrived an Hydrometer for de.’ 
termining the f{pecific gravities of different waters, to 
fuch a degree of nicety, that it would fhew when one 
kind of water was but the 40,oooth part heavier than 
another. It confifts of a hollow glafs ball of about 3 
inches in didmeter, charged with fhot to a proper de- 
gree, and having fixed in it along and very flender 
wire, of only the goth part of an inch in diameter, 
and divided into tenths of inches, cach tenth anfwerin 
to the 40,000th part, as above. See his Expet. Philof 
vol. 2, p. 234. 2 

Mr. Quin and other perfons have alfo conftrudted 
Hydrometers, with gther and various contrivances, : 
and with different degrees of accuracy.; but all near-* 
ly on the fame general principles. : 

But there is one circumftance which deferves particu.‘ 
lar attention in the conftruétion and graduation of Hy. 
drometers,. for’ determining the precife ftrength of dif- 
ferent brandies, and other fpirituous liquors. © Mrv: 
Reaumur difcovered, in making his fpirit thermome. 
ters, that when reétified fpirit and water, or phlegm, * 
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-the. other eonftituent part of brandy, are mixed to= 
gether, there appears to be a mutual penetration of the 
two liquors; and not. merely juxtapofition of parts ; fo 
that a part of the one fluid feems to be received into 
the pores of the other; by which it happens,*that if 
a pint of reGifed fpirit be added-to 2 pint of water, 
the mixture will be fenfibly lefs than a quart. The va- 
riationg hence. produced in the bulk of the mixed Auid 
render the Hydrometer, when graduated in the ufual 
way by equal divifions, an erroneous meafure of its 
ftrength ; becaufe the {pecific gravity of the compound 
is found not to. correfpond to the mean gravity of the 
two ingredients. M. Montigay conftructed a {cale 
for this inftrument ia the manner before fuggefted by 
Dr. Lewis, on aétual. obfervation of the finking or 
rifirig of the Hydrometer in various mixtures of alco- 
hol and water, made in certain known proportions, 
Hift. de PAcad. Roy. des Sci. 1768; allo Neumann’s 
Chem. by Lewis, p. 450, noter, 

M. De Luc has lately. publithed a fcheme for the 
conftruction of a comparable Hydrometer, fo that a 
workman, after having conftructed one upon his prin- 
ciples, may make all others fimilar to each other, and 
capable of indicating the fame degree on the fcale, when 
immerfed in the fame liquor of the fame temperature. 
This inftrument is propofed to be conftruéted of a ball 
of flint ghis, communicating with a {mall hollow cylin~ 
der, containing fuch a quantity of quickfilver for a 
ballaft, that the inftrument may fink nearly to the top, 
in the moft {pirituous liquor, made as -hot as poffible ; 
to which is alfo attached a thin filvered tube, for 
a fcale, kc. The whole defeription may be feen at 
Jarge in the Philof. Tranf, vol. 68, p. 500. 

ia Le Roi alfo publifhed a propofal for conftrudting 
comparable Hydrometers. 


See Hift. de PAcad. des 
Scien, for 1770, Mem. 7. 
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HYDROMETRIA, Hyoromerey, the menfura- 
tion of water and other fluid bodies, their gravity, 
force, velocity, quantity, &c ; including both hydrotta- 
tics and hydraulics, , 

HYDROSCOPE, an inftrument anciently ufed for 
the meafure of time. It was a kind of water-clock, 
confitting ofa cylindrical tube, conical at bottom : the 
cylinder was graduated with divifions, to which the 


top of the water becoming fucceffively contiguous, as 


it trickled out of the vertex of the cone, pointed out 
the hour. 

HYDROSTATICAL Balance, a kindof balance 
contrived for the exact and eafy finding the fpecifie 
Qravities of bodies, both folid and fluid, and thereby 
of eftimating the degree of purity of bodies of ail 
kinds, with the quality and richne(s of metals, ores, 
minerals, &c, and the proportions in any mixture, adul- 
teration, or the like. 

This is effected by weighing the body both in wa- 
ter, or other fluid, and out of it 5 and for this purpofe 
one of the fcales has ufually a hook at the bottom, for 
fufpending the body by {ome very fine thread. And 


the, ufe of the inftrument is founded on this theorem | 


of Archimedes, that any body weighed in water, lofes 
as much of its weight as is equal to the weight of the 
fame bulk of the water. Thus then is known the pro- 
portion of the {pecific pravities of the folid and fluid, or 
the proportion: of their weights under the fame bulk, 
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viz, the proportion of the weight ofthe body weighed 
out of water, ta the difference between the fame and its 
weight in water. Hence alfo, by doing the fame thin, 
for feveral different folids, with the fame fluid, or dif. 
ferent fluide with the fame folid, all their {pecific gta- 
vities become known, 
The inftrument needs but little defcription. AB is 





a nice balance beam, with its fcales C and Dd, turning 
with the fmall part of a grain, the one of them, D, 
having a hook jn the bottom, to receive the loop of a 
horfe hair &c, E, by which the body F is fufpended. 
GH is a jar of water, in which the body is immerfed 
when weighing, 

The pieces in the feale C denote the weight of the 
body out of water; then, upon immerging it, put weights 
in the fale D to reftore the balance again, and they 
will thew the fpecific gravity of the body. . 

There have been various kinds of the Hydroftatical: 
balance, and improvements made on it, by different 
perfons. Thus, Dr. Defagulicrs fet three ferews in the 
foot of the ftand, to move any fide higher or lower, 
till the item be quite upright, which is known by a 
penne hanging over a fixed point in the pedettal. 

jefag. Exp. Philof. vol. 2, p. 196. And for fundry 
other conitru@ions of this inftrument, defigned for 
See accuracy than the common fort, fee Martin’s 

hil. Britan. or Gravefande’s Phyfices Elem. Math. 
tom. 1, lib. 3, cap. 3, &c. 

The {pecific gravities of {mall weights may be de. 
termined by fufpending them in loops of horfe hair, or 
fine filken threads, to the hook at the bottom of the 
fcale. Thus, if a guinea fufpended in air weigh 129 
grains, and upon being immerfed in water require 7% 
grains to be put in the feale over it, to reftore the’ 
equilibrium ; we thus find that a quantity of water of 
equal bulk with the guinea, weighs 7? grains, or 7°25 
therefore dividing the 129 by the 7:2, the quotient 
17°88 fhews that the guinea ts fo many times heavier 
than its bulk of water. Whence, if any piece of gold 
be tried, by weighing it firft in air, then in water, 
and if, upon dividing the weight in ait by the lofs in 
water, the quotient be 17-88, the gold is good ; if the 
quotient be £8 or more, the gold is more fine; but if it 
be lefs than 17-88, the-gold is too much alloyed with 
other metal. If filver be tried in the fame manner, 
and found to be 11 times heavier than water, it is very 
fine ; if it be 102 times heavier, it is ftandard; but if, 


_lefs, it is mixed with fome lighter metal, fuch as tin. 


_ When the body, whiofe fpecifie gravity is fought, is” 
lighter than water, fo that it will not quite fink ; annex 
af to. 
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to it a piece of another body heavier than water, fo that 
the mafs cémpounded of the two’ may fink together. 
Weigh the denfer body, and the compound mals, fe- 
parately, both in water and out of it, thereby findin 
haw ‘much each lofes in water; and fubtra& the lefs 
of thefe two loffes from the greater ; then fay, 

As'the remainder : 

is to the weight of the light body in air, 

fo is the {pecific gravity of water 

to the fpecific gravity of the light body. 

HYDROSTATICAL Belows, a machine for 
fhewing the upward preffure of fluids 
and the Hydroftatical paradox. It 

* confifts of two thick boards; A, D, 
each about 16 or 18 inches dia 
‘meter, more or lefs, covered or con- 
neéted firmly with leather round the 
edges, to open and fhut like a com- 
mon bellows, but without valves; only 
@ pipe, B, about 3 feet high is fixed 
into the bellows at e, Now let water 
be poured into the pipe at C, and it 
will run into the bellows, gradually 
feparating the boards, by raifing the 
upper one. Then if feveral weights, 
as three hundred.weights, be laid upon 
the upper board, by pouring the water 
in at the pipe till it be full, it will fuftain all the weights, 
though the water in the pipe fhould not weigh a quarter 
of a pound; for the pipe or tube may be as {mall as 
we pleafe, provided it be but long enough, the whole 
effeCt depending upon the height, and not at all on the 
width wd the pipe: for the proportion is always this, 

As the area of the orifice of the pipe 

is to the area of the bellows board, 

fo is the weight of water in the pipe 

to the weight it will fuftain on the board, 

Hence if a man ftand upon the upper board, and 
blow into the pipe B, he will raife himfelf upon the 
board; and the fmaller the Pipe, the eafier he will be 
able to raife himfelf; and then by putting his finger 
upon the top of the pipe, he can fupport himfelf as 
Jong as he pleafes, provided the bellows be air-tight. 

Mr. Fergufon has defcribed another machine, which 
may be fubitituted inftead of this common Hydrofta- 
tical bellows. It is however on the-fame principle of 
the Hydroftatical paradox ; and may be feen in the 
Supplement to his LeGtures, ps 19. 

HYDROSTATICAL Paradox, is a principle in 
Hydroftatics, fo called becaufe it has a paradoxical ap- 
pearance at firit view, and it is this; that any quantity 
of water, or other fluid, how {mall foever, may be 
made to balance and {apport any quantity, or an 
weight, how great foever. This is partly illuftrated 
jn the lalt article, on the Hydroftatical bellows, where 
3t appears that any weight whatever may be blown up 
and {upported by the breath from a perfon’s mouth. 
And the principle may be explained as follows: It is 
well-known that water in a pipe or canal, open at both 
ends, always rifes to the fame height at both ends, 


whether thofe ends be wide or nattow, equal or un- - 


equal. Thus, the {mall pipe GH being clofe joined 
to another open veflel AI, of any fize whatever ; then 
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pouring water into the one.of thefe, it will rife up in the- 
cother, and ftand at the fame height, or horizontal line 
DF in both of them, and that whether they are upright, 
or inclined in any poftion. So that all the water that 
is in the large vefiel from A to I, is fupported by that 
which is in the fmall veffel from D to I only.’ And 
as there is no limit to this latter ene, but that it may 
be made as fine even asa hair, it hence evidently appears 
that any quantity of water may be thus fupparted by 
any other the fmalleft quantity. ; 











Since then the pteffure of fluids is direQly as their 
perpendicular heights, without any regard to their 
quantities, it appears that whatever the fi or fize 
of the veffels may be, if they are but of equal height, 
and the areas of their bottoms equal, the pee of 
equal:heights of water are equal upon the'bottome of 
thefe veffels ; even though the one fhould contain a 
thoufand or, ten thoufand times as much as the other, 

Mr. Fergufon confirms and illuftrates this paradox 
by the following experiment, 


























Let two veffels be prepared of equal heights, but 
very unequal contents, fuch as AB -and CD; each 
veflel being open at both ends, and their bottoms E and 
F of equal widths. Leta brafg bottom G and be 
exadtly fitted to each veffel, not to go into it, but for 
it to ftand upon ; and let a piece of wet leather be put 

412 between 


HYG 

~hetween cach veffel and ita brafs bottom, for the fake 
of clofenefs. Join each bottom to its veffel by ahinge 
D; fo that it may open like the lid of a box 5 and let 
each bottom be kept up to its veffel by equal weights 
W, hung tolines which go over the pulleys P, whofe 
blocks are fixed.to the'fides of the veffel at fz and the 
lings tied to hooks at d, fixed in the brafs bottoms op: 
pofite to the hinges D. ‘fhings being thus prepared 
and fitted, hold one veffel upright in the hands over a 
bafon on a table, and caufe water to be poured flowly 
into it, till the prefiure of the water bears down its 
bottom at the fide ¢, and raifes the weight E; and 
then part of the water will ran out at d. Mark the 
height at -which the furface H of the water ftood in 
the veffel, when the bottom began to give way at d} 
and then, holding up the other veffel in the fame man- 
ner, caufe water to be poured into it ; and it will be 
feen that when the water rifes in this veffel juft as high 
as it did in the former, its bottom.will alfo give way at 

d, %nd it will lofe part of the water. Q 

The natural reafon of this furprifing phenomenon is, 
that fince all parts-of a fluid at equal p has below the 
furface, are equally preffed in all manner of direétions, 
the water immediately below the fixed part Bf will be 
preffed as much upward againtt its lower furface within 
the veffel, by the ation of the column Ag, as it would 
be by a column of the fame height, and of any diame- 
ter whatever; and therefore, fince aétion and reaétion 
are equal and contrary to each other, the water imme- 
diately below the furface Bf will be preffed as much 
dowdward by it, as if it were immediately touched and 
preffed by a column of the height Ag, and of the dia- 
meter Bf; and therefore the water in the cavity ae 
-will be preffed as much downward upon its bottom G, 
as the bottom of the other veffel is prefled by all the 
water above it. Leétures, p. 105. 

HYDROSTATICS, is the fcience which treats of 
the nature, gravity, preffure, and equilibrium of fluids; 
and of the weighing of folids in them. 

That part of the feience of fluids which treats of 
their motions, being included under the head of Hy- 
dranlics, 

Hydroftatics and hydraulics together ‘conftitute a 
branch of philofophy that is juflly confidered as one of 
the moft curiots, ingenious, and ufeful of any ; af- 
fording theorems and phenomena not only of the firit 
ufe and importance, but alfo farprifingly amufing and 
pleafant ; as appears in the numberlefs writings upon 
the fubjeét ; the principal points of which may be found 
under the feveral particular articles of this work ; and 
the chief writings on this fcience may be feen under the 
article Hydraulics, 

HYDRUS, or Water Serpent, one of the new fouth- 
era conftellations, including only ten ftars. > 
. HYEMAL Solftice, the fame with Winter Solftice. 
See Sousrice. i 

“HYGROMETER, or Hycroscorr, or Notto- 
METER, an inftrument for meafuring the degrees of 
moifture in the air. aes 

There are various kinds of Hygrometers ; for what- 
ever body either {wells by moifture, or thrinke by dry- 
nefs, is capable of being formed into an Hygrometer. 
Such are woods’ of moft kinds, particularly deal, ath, 
poplar, &c. “Such alfo is catgut, the beard of a wild 

3 Bee Ne 


[ 612 J 


HYG 
oat, and twifted cord, &c. The beit and moft ufual 


contrivances for this purpofe are as follow. * 





1, Stretch a common cord, or a fiddle-ftring, ABD 
along a wall, paffing it over a pulley B; fixing.it at 
one end A, and to the other end hanging a weight E, 
carrying a flyle or index F. Againft the fame wall 
fit a plate of metal HI, graduated, or divided into 
any number of equal parts; and the Hygrometer is 
complete, ' A 

For it is matter of conftant obfervation, that moifture 
fenfibly thortens cords and ftrings; and that, as the 
moifture evaporates, they return to their former length 
again. The like may be faid of a fiddle-ftring.: and 
from hence it happens that {uch flrings are apt to break 
in damp weather, if they are not flackened by the 
ferews of the violin, Hence it follows, that the weight E 
will afcend when the air is more moift, and defcend again 
when it becomes drier. By which means the index E 
will be carried up and down, and, by pointing to. the fe- 
veral divifions on the feale, will fhew the degrees of 
moifture or drynefs. : 

2. Or thus, for a more fenfible and accurate Hygroe 





meter: itrain a whipcord, or catgut, over feveral pul« 
leys B, C, D, E,~F; and proceed as before for the 
reft of the conftru@ion. Nor does it matter whether 
the feveral parts of the cord be parallel to the horizon, 
as exprefled in the annexed figure, or perpendicular 
to the fame, or in any other pofition; the advantage 
of this, over the former method; being merely the 
having a greater length of cord in the fame compafs ; 
for the longer the cord, the greater is the contraction 
and dilatation, and comfequently the degrees of varia 
tion of the index over the feale, for any given change 
of moifture in. the air. : 

3. Or 
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3. Or thus: Faften a twitted 
éord, ‘or fiddle-ftring, AB, by one 
énd at A, fuftaining a weight at B, 
carrying an index C round a circu- 
lar fale DE defcribed on a hori- 
zontal board or table. For a 
cord or catgut twifts itfelf as it 
moiftens, and untwitts again as it 
sdries. Hence, upon an increafe or 
decreafe of the humidity of the air, 
the index will thew the quantity of 
twifting or untwifting, and confe- 
quently the increafe or decreafe of 
moifture or drynefs. 

4. Thofe Dutch toys, called weather houfes, where 
a {mall image of a man, and one of a woman, ate fixed 

. upon the ends of an index, are conftru&ted upon this 
principle. For the index, being fuftained by a cord 
or twifted catgut, turns backwards and forwards, 
bringing out the man in wet weather, and the wo- 
man in dry. 

5. Or thus: Faften one end of 
a cord, or catgut, AB, to a hook 
at A; and to thé other end a 
balt D of about one pound weight; 
upon which draw two concentric 
circles, and divide them jnto any 
rivinber of equal parts, for a {cale;, 
then fit a ftyle or index EC into a 
proper fupport at E, fo as the ex- 
tremity C may almoft touch the 
divifions of the ball.. Here the 
cord twifting or untwifting, as in 
the former cafe, will indicate the 
change of moifture, by the fuccef- 
five application of the divifions of 
the circular feale, as the ball turns 
round, to the index C. 

6. Or an Hygrometer may bé 
made of the thin boards of afh or 
fir, by their fwelling or contra- 
ing. But this, and alt the othet 
kinds of this inftrument, above 
defcribed, become in time fenfibly 
lefs_and lefs accurate ; till at lait they lofe their effed 
entirely, and fuffer no alteration from the weather. 











- But the following fort is much more durable, ferving 


for many years with tolerable accuracy. 





9. Take the Manofcope, deferjbed under that article, 
and inftead of the exhaufted ball » {ubftitute a fponge, 
or other body, that eafily imbibes moifture. To Prepare 
the fponge, it tay be proper firft to wath it in water 
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very clean 3 and, when dry again, in water or vinegar in” 
which there has been diffolved fal ammoniac, or falt-of. 
tartar ; after which let it dry again. Now, if the 
air become moift, the fponge will imbibe it and grow 
heavier, and confequently will pteponderate, and turn 
the index towards-C; on the contrary, when the ais 
becomes drier, the fponge becomes lighter, and the 
index turns towards A ; and thus fhewing the fate of” 
the air, 

8. In the laft: mentioned Hygrometer, Mr. Gould,, 
in the Philof. Tyanf.. inftead of a Sponge, recommends. 
oil of vitriol, which grows fenfibly lighter or heavier 
from the degrees of moifture in the air; fo that being 
faturated in the moifteft weather, it afterwards retains 
or lofes its acquired weight, as the air proves more or 
lefs moift. The alteration in .this liquor is, fo great, 
that in the {pace of 5% days it has been known to 
change its weight from 3 drachms to 9 ; and has thifted 
a tongue or index of a balance 30 degrees. So that in 
this way a pair of feales may afford a very nice Hygro- 
meter. The fame author fuggefts, that oil of fulphur 
or campanam, or ‘il of tartar per deliquium, or the 
liquor of fixed nitre, might be ufed inftead of the oil of 
vitriol. 

. This balance may be contrived in two ways; By: 
dhe: having the pin in the middle of the beam, with a 
flender tongue a foot and a half long,, pointing to the 
divifions on an arched plate, as reprefented in the laff 
figure above. Or the feale with the liquor may be hung 
to the point of the beam near the pin, and the other 








extremity made fo long, as to defcribe a large arch on- 
a board placed for the purpofe ; as in the figure here 
annexed. 

10. Mr. Arderon has propofed fome ‘improvement in 
the fponge Hygrometer. He directs the fponge A tax 





be fo cut, as to contain as large a fuperficies as poffible,. 
and to hang by a fine thread of filk upon the beam ofa 
balance: 
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cbalance By and exa&ly balanced on the other fide b 
another thread of filk at D, ffrung with *the fmallete 
Yead thot, at equal diltances, fo adjufted as to caufe an 
index E to point at G, the middle of a graduated arch 
FGH, when the air is in a middle ftate between the 
greateft moifture and the greateft drynefs. Under this 
filk fo ftrung’ with fhot, is placed a little table or fhelf 
I, for that part of the filk or fhot to relt upon which is 
not fufpended. When the moifture imbibed by the 
fponge increafes its weight, it will raife the index, 
with part of the fhot, from the table, and vice verfa 
when the air isdry. .Philof. Tranf. vol. 44, p. 96. 

11.’ From a feries of Hygrofcopical obfervations, 
made with ‘an apparatus of deal wood, defcribed in the 
Philof. Tranf. number 480, Mr. Coniers concludes, 
ait, ‘That the wood fhrinks mot in fummer, and {wells 
amoft in winter, but is moft liable to change in the 
{pring and fall. 2d, That this motion happens chiefly 
in the day time, there being fcarce any variation in the 
night. 3d, That there is a motion even in dry wea- 
ther, the wood {welling in the morning, and fhrinking 
in the afternoon. 4th, That the wood, by night as 
well as by day, ufually fhrinks when the wind is in the 
riorth, ndérth-eaft, and eaft, both in fummer and win- 
ter. 5th, That by conftant obfervation of the motion 
and reft of the wood, with the help of a thermometer, 
the direction of the wind may be told nearly without a 
weather-cock. He adds, that even the time of the 
year may be known by it ; for in {pring it moves more 
and quicker than in winter; in fummer it is more 
fhiiink ‘than in {pring ; and has lefs motion in autumn 
than in fummer. 

See an account of a method of conftru@ing thefe 
and other Hygrometers, in Phil. Tranf. Abr. vol. 2, 
Pp. 30, &c, and plate 1 annexed. See alfo Philof. Tranf. 
vol. 13. p. 647 and 715, vol. 15, p. 1032, vol. 43, 
p- 6, vol. 44, p. 95, 169 and 184, vol. 54, p. 259, 
vol. 61, p. 198, vol. 63, p. 404, &c. 

12. Dr. Hook’s Hygrometer was made of the beard 
of a wild oat, fet in a {mall box, with a dial plate 
and an index. See his Micrographia, p. 150. 

‘13. The Doétors Hales and Defaguliers both con- 
trived another form of fponge Hygrometer, on this 
principle. They made an horizontal axis, haying a {mall 
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art of its length cylindrical, and the remainder taper- 
ing conically with a fpiral thread cut in it, after the 
manner of the fuzee of a watch. The fponge js-fuf 
pended by a fine filk thread to the cylindrical part of 
the axis, upon which it winds. This is balanced by a 


fmall weight W, fufpended alfo by a thread, which © 
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winds upon the fpiral fyzee. ‘Then when the opge 
grows heavier, in moift weather ; it defceaas and turns” 
the axis, and fo draws up the weight, which’coming to 
a thicker part of the axis it becomes a balance to the. 
fponge, and its motion is fheywn by an attached icale. 
And vice verfa when the air becomes drier.—-Salt of 
tartar, or any other falt, or pot afhes, may be put into 
the feale of a balance, and ufed inftead of the fponge. 
Defag. Exper. Philof. vol. 2, p. 300. ‘ 

14. Mr. Fergufon made an Hygrometer of a thin 
deal pannel ; and to enlarge the feale, and fo render its 
variations more fenfible, he employed a wheel and axle, 
making one cord pafs over the axle, which turned a 
whecl ten times as bie over which paffed a line with 
a weight at the end of it, whofe motion was therefore 
ten times as much as that of the deal pannel. The 
board fhould be changed in 3 or 4 years, Sce Philof, - 
Tranf. vol. 54, art. 47. 

15. Mr, Smeaton gave alfo an ingenious and elabo- 
rate conftruction of an Hygrometer ; which may be 
feen in the Philof, Tranf. vol. 61, art. 24. 

16, Mr. De Luc’s contrivance fok:am Hn eter 
is very ingenious, and on this principle, rain that 
even ivory {wells with moifture, and contra@ts with 
drynefs, he made a-fmall and very thin hollow cylinder 
of ivory, open only at the upper end, into which-is 
fitted the under or open end PP a very fine long glafs 
tube, like that ofathermometer. Into thefe is intro- 
duced fome quickfilver, filling the ivory cylinder, and 
a {mall part of the length up the glafs tube. ‘The con- 
fequence is this: when moifture {wells the ivory cylin- 
der, its bore or capacity grows larger, aad confequently 
the mercury finks in the fine ate tube; and vice 
verfa, when the air is drier, the ivory contratts, and 
forces the mercury higher “up the tube of glafs. It “is 
evident that an inftrument thus conftruéted is in fac 
alfo a thermometer, and mutt neceffarily be affected by 
the viciffitudes of heat and cold, as well as by thofe of 
drynefs and moifture ; or that it mufta@es a thermo- 
meter as well as an Hygrometer. The ingenious con- 
trivances in the ftru€ture and mounting of this inftru- . 
ment may be feen in the Philof. Tranf. vol. 63, art. 38 ; 
where it may be feen how the above imperfection is core 
rected by fome fimple and ingenious expedients, em- 
ployed in the original conftru@tion and fubfequent ufe of 
the initrument ; in confequence of which, the varia- 
tions in the temperature of the air, though they pro- 
duce their full effets on tHe inftrument, as a thermo- 
meter; do not interfere with or embarrafs its indications 
asan Hygrometer. 7 

17. In the Philof. Tranf. for 1791, Mr. De Luc has 
given a fecond paper on Hygrometry. This has been _ 
chiefly occaffoned by a Memoir of M. de Sauffure on 
the fame fubje&, entitled Effais fur PHygrometrie, 
in 4to, 1783. In this work M. de S. defcribes 2 new 
Hygrameter of his conftruétion, on the following prin- 
ciple. It isa known faét that a hair will ftretch when 
it is moiftened, and contract when dried; and M..de 
Sauffure found, by repeated experiments, that the dif. 
ference between the greateft extenfion and contradtion, 
when the hair is properly prepared, and has a weight 
of about 3 grains fufpended by it, is nearly one goth, 
of its whole length, or one inch in go. This circum: 
ftance fuggefted the idea of a new Hygrometer, - To. 
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_ render thefe {mall variations of the length of the hair 
perceptible, an apparatus was contrived, in which one 
of the extremities of the-hair is fixed, and the other, 
bearing the counterpoife abovementioned, furrounds ¢he 
circumference of a cylindét, which turns upon an axis 
to which a hand is adapted, marking upon'a dial in 
large divifions the almoft infenfible ‘motion of this axis. 
About 12 inchés high is recommended as the mof con- 
‘venient and ufeful ; and to render them portable, a con- 
trivance is added, by which the hand and the counter- 
poife can be occafionally fixed. 

But M. de Luc, in his Idées fur Ia Meteorologie, vol. 
1, anno 1786, fhews that hairs, and all the other animal 
or vegetable hygrofcopic {ubftances, taken lengthwife, 
or inthe diréétion éf their fibres, undergo contrary 
changes frarh “diffevevit variations of hummdity ; that 
when immerfed in water, they lengthen at firft, and af- 
terwards fltorted; that when they are near the greateft 
degree of humidity, if the moiltare be increafed, they 
fhorten therifelves 5 if it be diminifhed, they lengthen: 
themfelves firft before they contraét again, ‘Thefe irre- 
gulatities, which render them incapable of being true 
meafures of hamidity, he fhews to be the neceffary 
confequence of their organic reticular ftruéture. De 
Sayffure takes his point of extreme moifture from the 
vapours of water urtder a‘glafs bell, keeping the fides of 
the bell continually moiftened ; and affirms, that the hu- 
midity is, there, conftantly the fame in all temperatures; 
the vapours even of boiling water having no other effect 
than thofe of cold. De Luc, onthe contrary, fhews that 
the differences in humidity under the bell are very great, 
though De Sauffure’s Hygrometer was not capable of 
difcovering thiem ; and that the real undecompofed va- 
pour of boiling water has the dire@ly oppofite effe& to 
that of cold, the effeét of extreme drynefs; and on this 
joint he mentions an interefting fa&t, communicated to 
Fim by Mr. Watt, -viz, that wood cannot be employed 
in the fleam engine, for any of thofe parts where the 
vapour of the boiling water is confined, becaufe it dries 
fo as to crate as if expofed to the fire. 


To thefe charges of M. De Lud, a ai is made by ' 
a 


M. De Sauffure, in his Defence of the Hair Hygro- 
meter, in 1788 where he attributes the general dif. 
agreement between the two inftruments, to irregulari- 
ties of M. De Luc’s; and afligns fome aberrations of 
his own Hygrometer, which could not have proceeded 
from the above catfe, but to its having been out of 
order 5 ke. 

This has drawn from M. De Luc a fecond paper on 
Hygrometry, publithed in the Philof. Tranf. for 1791, 
p. 1, and 389, This author here refumes the four fun- 
damental principles which he had fketched out in the 
former paper, viz, tft, That fire isa fure, and the only 
fure means of obtaining extreme drynefs. 2d, ‘That 
water, in its liquid ftate, is a fure, and the only fure 
means of determining the point of extreme moifture. 
3d, There is no reafon, a priori, to expect, from any 
hygrofcopic fubitance, that the meafurable giffects, pro- 
duced in it by moifture, are proportional to’ the intenfi- 
ties of that caufe.—-But, 4th, perhaps the compara- 
tive changes of the dimenfions of a fubftance, and of 
the weight of the fame or other fubftances, by the fame 
variations of moiflure, may lead to fome difeovery in 
that refpeét. On thefe heads M. De Luc expatiatts 
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at large in this paper, fhewing the imperfeCtions of M., 
De Sauffure’s principles of ygemen and particue 

latly as to a hair, or any fuch fubftance when extended. 
lengthwife, being properly ufed as an Hygrometer. 

On the other hand, ‘he fhews that the expanfion of fub- 

ftances acrofs the fibres, or grain, renders them, in that 

réfpe&t, by far the moft proper for this purpofe. He 

choofes fuch as can be made very thin, as ivory, or deal 

fhavings, but over all he finds whalebone to be far the: 
beft of any. But, for all the reafonings of thefe inge- 

nious philofophers on this interefting fubje@, and com~ 

plete information, fee the publications above quoted, 

as alfo the Monthly Review, vol. 51, p. 224, vol. 71, 

Pp. 213, vol. 76, p. 316, vol. 78, p. 236, and vol. 6, of. 
the new feries for the year 1793, p. 133. 

HYGROMETRY, the feience of the meafurement 
of the moifture of the atmofphere. The chief writings: 
on this feience are thofe of M. De Luc and M. De 
Savffure, for which fee the laf. article on Hygro- 
meters. 

-HYGROSCOPE, is commonly ufed in the fame 
fenfe with Hygrometer. Wolfius, however, regarding” 
the etymology of the word, makes fome difference. 
According to him, the Hygrofcope only thews the al-_ 
terations of the air in refpedt of humidity and drynefi, 
but the hygrometer meafures them. A Hygrofcope- 
therefore is only an indefinite or lefs accurate hygro~ 
meter, 

HYPATIA, a very learned and beautiful lady, wag’. 
born at Alexandria, about the end of the 4th céntury, 
as fhe flourifhed about the year of Chrift 430. She: 
was the daughter of Theon, a celebrated philofopher 
and mathenfatician, and prefident of the famous Alex. - 
adrian fchool, Her father, encouraged’ by her extra< 
ordinary genius, had her not only educated in/alf the 
ordinary qualifications of her fex, but inftru€ted in the 
moft abftrufe fciences. She made fuch great progrefy 
in philofophy, geometry, aflronomy, arid the mathe. 
matics in general, that fhe paffed for the moft learned 
perfon of her time. She publifhed commentaries on 
Apoltonius’s Conics, on Diophantus’s Arithmetic, ‘and 
other works. At length fhe was thought worthy to. 
fucceed her father in that diftinguiflied and important 
employment, the government of the fchool of Alexan- 
dria ; and to deliver inftruGtions out of that chair where 
Ammonius, Hierocles, and many other great men, had 
taught before; and this at a tume too when men of 
great learning abounded both at Alexandria and in 
many other parts of the Roman empire. Her fame: 
being fo extenfive, and her worth fo univerfally ac- 
knowledged, it was no wonder that fhe had a crowded) 
auditory. ‘ She explained to her hearers (fays So- 
crates, an ecclefiaftical hiforian of the 5ih century, 
born at Conftantinople) the feveral {ciences that go 
under the genetal name of philofophy; for which 
reafon there was a confluence to her, from all parts, of 
thofe who made philofophy their delight and study.” 

Her fcholars were not Jefe eminent than they were 
numerous. One of them was the celebrated Synefius, 
who was afterwards bifhop of Ptolomais. This ancient. 
Chriftian Platonift always expreffes the ftrongeft, as 
well as the moft grateful, teftimony of the virtue of hia 
tatorefs; never mentioning her without the moft pro- 
found refpe&t, and fometimes in terms of ash 
ittle 
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Higle thort of adoration. But it avas not Synefius only, . 
‘and the difciples of the Alexandrian {chool, who ad- 
mired Hypatia for her virtue and learning: never was 
woman more careffed by the public, and yet never had 
woman a more unfpotted chara@er. She was held ase 
an oracle for het wifdom, for which ‘the was confulted 
hy the magiitrates in all important cafes; a circum- 
flance which often drew her among the greateft con. 
courfe of men, without the leaft cenfure of her fhan- 
ners, In thort, when Nicephorus intended to pafs the 
higheft compliment on the princefs Eudocia, he thought 
he could not do it better than by calling her another 
Hypatia. 
-_ While Hypatia thus reigned the brighteft ornament 
of Alexandria, Oreftes was governor of that place for 
‘the emperor Theodofius, and Cyril was bifhop or pa- 
ttiarch, ' Oreftes, having had a liberal education, could 
not but admire Hypatia; and as a wife governor often 
-confulted her. “This, together with an averfion which 
‘Cyril had againft Oreftes, proved fatal to the lady. 
About 500 monks affembling, attacked-the governor 
one day, and would have killed him, had he not been 
refeued by the townfmen; and the refpe@& which 
‘Oreftes had for Hypatia caufing her to be traduced 
among the Chriftian multitude, they dragged her from 
her chair, tore her in pieces, and burnt her limbs. 
“Cyril is ftrongly fufpeéted of having fomented this 
tragedy.” Cave indeed ‘endeavours to remove the im- 
putation of fo horrid an aétion from the patriarch ; 
and lays it upon the Alexandrian mob in general, whom 
he calls “ a very trifling inconftant people.” But though 
Cyril thould be allowed neither to have been the perpe- 
trator, nor even the contriver, of it, yet it is much to be 
TufpeGted that he did not difcountenance it in the man- 
- ner he ought'to have done: a fufpicion which muft 
needs be greatly confirmed by reflecting, that he was fo 
far from blaming the outrage committed by the monks 
upon Oreftes, that he afterwards received the dead 
body of Ammonius, one of the moft forward in that 
outrage, who had grievoufly wounded the governor, 
‘and who was juftly punifhed with death. Upon this 
riotous ruffian Cyril made a panegyric in the church 
where he’ was laid, in which he extolled his gourage 
and conftancy, as one that had contended for the truth 3 
and changing his name to Thaumafius, or the Admi- 
rable, ordered him to be confidered as a martyr. 
“ However (continues Socrates), the wifeft part of 
Chriftians did not approve the zeal which Cyril thewed 
on this man’s behalf, being convinced that Ammonius 
had juftly fuffered for his defperate attempt.” 
HYPERBOLA, one of the conic feétions, being 
that which is made by a plane cutting a cone fo, that, 
entering one fide of the cone, and not being parallel to 
-the oppofite fide, it may cut. the circular bafe when the 
oppolite fide is ever fo far produced below the vertex, 
or tha, cut the oppofite fide of the cone produced above 
the vertex, or fhall make a greater angle with the 
bafe than the oppofite fide of the cone makes; all 
thefe three circumftances amounting to the fame thing, 
but in other words. 
1. Thus, the figure DAE is an Hyperbola, made by 
a plane entering the fide VQ: of a cone PVQ at A, and 
either cutting the bafe PEQ when the plane is not pa- 
yallel to VP, and thisis ever jo far produced; or when 


[. 616 J. ~ 


‘times meant the whole plane of 


HYP: 


the angle ARQ is greater than 
the angle VO fi when the 
plane cuts the oppofite fide in 
B above the vertex, 

2. By the Hyperbola is fome- 


the fection, and fometimes only | 
the curve line of the feGion. 

3- Hence, the cutting plane 
meets the oppofite cone in B, 
and there forms anuther Hy- 
petbola d Be, equal to the for- 
mer one, and having the fame . - 
tranfverfe axis AB; and the fame vertices A and B, 
Alfo, the two art called Oppofite Hyperbolas. 

4. The centre C is the middle point of the tranverfe 
axis. 

5- The femi-conjugate axis is CL,’a mean propor- 
tional between CI and CK, the diftances to the fides 
of the oppofite cone, when CI is drawn parallel to the 





diameter PQ of the bafe of the cone. ithe whole: 
conuente axis is a mean proportional AF and 
BH, which are drawn parallel to the ‘the cone. 





6. If DAE and FBG be two oppofite Hyperbolas, 
having the fame tranfverfe and conjugate axes AB and 
a b, perpendicularly bifeGting gach other ; and if dae 
and f3 g be two other oppofite Hyperbolas, having the 
fame axes with the two former, but in the contrary 
order, viz, having ad for their firft or tranfverfe aXi8, 
and AB for their fecond or conjugate axis: then any 
two adjacent curves are called Conjugate Hyperbolas, 
and the whole figure formed by all the four curves, the 
Figure of the Conjugate Hyperbolas. And if the rect. 
angle HIKL be ‘infcribed within the four conjugate . 
Hyperbolas, touching the vertices A, B,a,6, and 
having their ‘fides parallel and equal to the two 
axes; and if then the two diagonals HCK, ICL, of 
the parallelogram be drawn, thefe diagonals are the 
afymptotes of the curves, being Lines that continually 
approach hearer and nearer to the curves, ‘without * 
tne them, except at an infinite diftance, where 
each alymptote and the two adjacent fides of the two 
conjugate Hyperbolas may be fuppofed all to meet ; the 
afymptote being there acommon tangent to them both, 
viz,- at that infinite diftance. 

7- Hencethe four Hyperbolas, meeting and running 
into each other at the infinite diftance, may be confi. 
dered as the four parts of one entire curve, having the 
fame axes, tangents, and other properties, : 

8. A Diameter in general, is any line, as, MN, 
drawn thrcuzh the centre C, and meeting, or termi 

. nate 


HYP 

mated by the oppofite legs of the oppofite Hyperbo- 
las. And af pails to this diameter there be drawn 
two tangents, at m and n, to the oppofite legs of the 
ether, two oppofite Hyperbolas, the line mC joinin, 
the points of contaét, is the conjugate diameter to MN, 
and the two mutually conjugates to each other. Or, if 
to the points M or N there be'drawn a tangent, and 
through the centre C the line mm- parallel to it, that 
“line will be the conjugate to MN. The points where 
each of thele méet the curves, as M, N, m,, a, are the 
vertices of the diameters; and the tangents to the 
curves at the two vertices of any diameter; are pa- 
rallel to each other, and alfo to the other or conja- 
gate diameter. 





; Moreover, if thofe tangents to tlie four Hyper- 
Sahacat the vertices of two conjugate diameters, be 
produced till they meet, they: will form a parallelo- 
gram OPQR ; and the: diagonals OQ and PR of the 
parallelogram will be the ‘alymptotes of the curves; 
which therefore pafs shroush the oppofite angles of all 
“the parallelograms. fa iifcribed between the curves. 
Alfo it i8 a property of thefe aes that they 
are all equaf to each other, and therefore equalto the 
reGtangle of the.two axes; as will be farther noticed 
below. Farther, if thefe diagonals or afymptotes make 
a right angle between them, or if the iaferibed parallelo- 

- gram be a. fquare, or if the. two axea.be equal to each 
other, thenthe Hyperbola is called:a rigbt-angled af an. 
s equilaterafone.’ Rees 


10. An Ordinate to.any diameter, is a-Tne- drawn: 


parallel to its conjugate, or to the tangent at its vertex, 
and terminated by the diameter produced and the curves 


So_MS and TN are ordinates to the axis AB’; alfo. 


AD and BG are ordinates to the diameter MN. (laf. 
fig. but one): Hence the ordinates to the axis are. 


_ perpendicular to it ; but.ordinates.to the other diames. 


ters.are oblique to them. 

i1. An abfcifs is a-part of'any diameter, contained 
between its, vertex and an ordinate to it ; and every or- 
dinate has twa abfciffes: as AT and BT, or MV 
and NV.. 

12, The Parameter of any diameter, isa third”pro- 
portional'to the diameter and its conjigate—The Pa- 
yameter of the axis is alfé equal to the line AG or Bg 
(ig. 1), if. FG be drawn to make the-angle AFG = 
the angle BAV, or the line Hg to make the angle 
BHyg = theangle ABV. 

‘13. The Focus is the point in the axis where the or- 
dinate is ou to half the parameter.of. the axis ; as 

Vor. Ii : . 


[ by i 


, ett the given point P.. 
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Sand.T (fig. 2) if MS-and. TN. be: half the Sade ina’ 
or the 3d proportional to CA and Ca. Hence there’ 
are two Foci, one on each fide the vertex, ot one for 

‘each of the oppofite Hyperbolas.. Thefe two pointe in. 

the axis. are called Foci, or burnin pots, becaufe it is 

found by opticians that rays of light iffuing from one of 
them, and falling upon the curve- of the Hyperbola,. 

are. refleted into lines that verge towards. the other: 
point or Focus. ‘ 


To defcribe an: HyperBola, in various wayss. 


14, (sf Way by points.) —In.the tranfverle axis AF 
produced, take the foci F and Kt 
Cf = Aa or Ba, 


by making CF andi 
afliime.any point L: Then with the- 


radii AT, BI, and centtes F, f, déféribe ‘ares fnter- 


feéting in E, which will give four-pointa in the curves: 
In like manner, affuming other points I; ae-many other 
points will be found inthe curve: - Then, with a ftea- 
dy hand, draw the curve line through all the-points of. 
~—— a an Tn the road 2 are hd be con-« 

‘the other pair’ a! ite. er aiing ° 
the axis ab inftead oP AB: a 2 ne as 


15. (2d Way-by points, for a Right-an led perbole : 
only. )—On, the. cei pro uced if mecellary, i ¢ any 





point. I, through which: draw -a-perpendicular Ihe,, 
upon which fet off IM and IN equal to the diftance Ia) 
or Id from ¥ to the extremities of the other axis; and: 
M and N will be points in the.eurve.. 

16. {3d Wag by points, to deferibe the curve through’ 
@ given point. J)—CG and CH being the afymptotes, . 
and. P. the given point of the curve; through the 
point:P draw. any line GPH between the afymptotes, , 
upon which take GI'= PH, fo. thall E. be another 
point of the curve. And in this manner may any 
number. of points’ be found, drawing as many lines 
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"97. (qth Way by a continued Motion.) —1E one end 





‘ 
of a long ruler (MO be faftened at the point f, by a 


pin on a planey fo as to turn freely about that point as 
acentre. Then take athread FMO, fhorter than the 
‘ruler, and 4x one end of it in F, and the other to the 
end O ofthe ruler. Then ifthe ruler {MO be turned 
about the fixed point f, at the fame time keeping the 
thread OMF always tight, and its part MO clofe to 
the fide of the ruler, by means of the pin M ; the curve 
line AX defcribed by the motion of the pin M is one 
part ofan Hyperbola. And if the ruler be turned, and 
move ou the other fide of the fixed point F, the other 
part AZ of the fame Hyperbola may be defcribed after 
the fame manner.—But if the end of the ruler be fixed 
in F, and that of the thread in f, the oppofite Hyper. 
bola waz may be defcribed. 

18. (5th Way, by a continued Motion. )—Let C and 
F be the two foci, and E and K the two vertices of 
the Hyperbola, (See the laft fig. above.) Take three 
rulers CD, DG, GF, fo that CD = GF = EK,and 
DG = CF; the rulers CD and GF being of an inde- 
finite length beyond C and G, and having flits in them 
for a pin to move ins and the rulers having holes in 


them’ at C and F, to faften them to the foci C and F’ 
by means of pins, and at the points D and G they are to ' 


be joined by the ruler DG. Then, if a pin be put in 
the flits, viz, the common interfe@ion of the rulers CD 
and GF, and moved alon, » caufing the two rulers GF, 
CD, to turn about the fect C and F, that pin will de- 
fevibe the portion Ee of an Hyperbola.—-The fore oing 
< a few among various ways given by feveral au- 
thors, ’ 


> Some of the chief Properties of the Hyperbola, 





19. (1ft) Phe fquares of the ordinates, of any dia- 
meter, are to cagh other, as the reCtangles of their 
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ference of the fquares CD? 
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abfciffes; i, e. DE*:: GH* :: AD. BD: AG. 
BG. 


20. As the 


iste of any diameter; is to the fquare of 
its. conjugate; 


la ‘is the reGtangle of two abfcifles, ta 
the fquare of their ordinate. “That is, AB* : a6? 31 
AD. BD: DE 


Or, becaufe the reftangle AD. BD is == the dif. 
— CB?, the fame pro- 


perty is, 
As AB+: ab*.:: CD? — CB*: DE, 
is x 
Or AB: 2° :: CD — CB; DE, 


Thatis AB : p :: CD? ~ CB?; DE, 

where p is the pegnett of the diameter AB, or the 
al 7 

AB 

«ind hence is deduced the common equation of the 
Hyperbola, by which its general nature is expreffed. 
Thus, putting d = the femidiameter CA or CB, 

¢ = its femiconjugate Gagar Co, 


= its parameter or 


3d proportional 





x = the abfcifs BD from the vertex, 
y = the ordinate DE, and 
v = the abfcifs CD from the centre ; 
‘Then is MH rcrriad + x.xsy% 
or dis ctird +0 cry, : 
or dicts; vt dt sy2, 
or ‘d tpirrcutmd  yts fo that 
2 2de + x? ie 2 wd 
y pO eS aa =a hi 








any of which equations or proportions exprefs the na- 
ture of the curve. And hence arifes the name Hyper- 
bola, fignifying to exceed, becaufe the ratio of d* to ra 
or of dto p> excecds that of 2dx toy? ; that ratio 
being equal in the parabola, and defeétive in the ellipfe, 
from which circumftances alfo thefe take their names. 

21. The diftance between the centre and the focus, 
is equal to the diftance between the extremities of the 
tranfverfe and conjugate axes, That is, CF = Ag or 
Ad, -where F is the focus, 

22..The conjugate femi-axis is a mean proportional 
between the diftances of the focus from both vertices of 
the traniverfe. That is, Ca is a mean. between AF 
and BF, or AF; Cai: Ca: BF, or AF. BF = 
Ca*, . 

23. The difference of two lines drawn. from the 
foci, to meet in any poirt of the curve, is equal to the 
tranfverfe axis, That is, fE — FE = AB, where 
F and fare the two foci. © . 

24. All the parallelograms infcribed between the - 
four conjugate Hyperbole are equal to one another, 
and.each equal to the rectangle of the two axes. That 


_is, ‘the parallelogram OPQR = AB. ab (fig. to 


art. 9). ; 
25. The difference of the fquares of every pair of 
conjugate diameters, is equal to the fame conttant 
ety, viz, the difference of the {quares of the two 
axes, hat is, MN? — my? z= AB? — ab, (fig, ta 
art. 6): where MN and ma are any two conjugate 


diameters, 
26 The 
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26, The-rettangles of the parts of two parallel lines, 
terminated by the curve, are to one another, as the rec- 
tangles of the parts of any other two-parallel lines, any 
where. cutting the former. Or the re@angles of the 

arts of two interfecting lines, are as the {quares of 
their parallel diameters, or {quares of their parallel tan- 

ents. | 
27. All the rectangles are equal which are made of 
‘the fegments of any parallel lines, cut by the curve, and 
limited by the afymptotes, and each equal to the fquare 
of their parallel diameter. That is, HE, EK or 
He, eK = CQ? or CP, 





28, All the parallelograms are equal, which are form. 
ed between the afymptotes and curve, by lines parallel 
to the afymptotes. “That is, the paral, CGEK = 
CPBQ.—Hence is obtained another method of ex- 

refling the nature of the curve by an equation, in- 
valving the abfcifs taken on one afymptote, and ordi- 
nate parallel to the other afymptote. Thus, if = 
CK, y= KE, 2a= CQ, and 6 = BQ the ordinate 
at the vertex B of the curve ; then, by the property in 
this article, ab = xy, ora: x :ty:; that is, the 
re€tangle of the abfejfs and ordinate is-every where of 
the fame magnitude, or any ordinate is reciprocally as 
its abfcifs. 

29. If the abfciffes CQ, CK, CL, &c, taken on the 
one afymptote, be in geometrical progreffion increafing ; 
then fhall the ordinates QE. KE, LM, &c, parallel to 
the other afymptote, be a like geometrical progreffion in 
the fame ratio, but decreafing ; and all the re€tangles 
are equal, under every abfcifs and its ordinate, viz, 
CQ. QB = CK. KE = CL. LM, &e. 

30. The .abfciffes CQ, CK, CL, &c, being taken 
in geometrical progreflion ; the {paces or afymptotic 
areas BOKE, EKLM, &c, will be all equal ; or, the 
fpaces BQKE, BQLM; &c, will be in arithmetical 
progreffion; and therefore thefe {paces are the hyper- 
bolic logarithms of thofe abf{ciffes, 

Thefe, and many other curious properties of the 
Hyperbola, may be feen demonftrated in my Treatife 
on Conic Setions, and feveral others. See alfo Conre 
Sections. 

Acute Are erzora, one whofe afymptotes make an 
acute angle. 

Ambigenal Hyrersova, is that which has one of 
its infinite legs falling within an angle formed by the 
afymptotes, and the other falling without that angle. 
‘This is one of Newton’s triple Hyperbolas of the 2d 
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order. See his Enumeratio Lin. tert. Ord. “See alfo « 
AmBiGENAL. , 

Common, or Conic Hy persova, is that which arifes 
from the feGtion of a cone by a pla; called alfo the - 
Apollonian Hyperbola, being that kind treated on by 
the firit and-chief author Apollonius. * ; 

Conjugate Hyrernovas, are thofe formed or lying 
together; and having the fame axes, but in a contrary 
order, viz, the tranfverfe of each equal the conjugate 
of the other; as the two Conjugate Hyperbolas Pee 
and EEE in the laft figure but one. 

LEquilateral, or Redanglar Fyprrsora, is that 
whofe two axes are equal to each other, or whofe 
afymptotes make a right angle.—Hence, the property 
or equation of the equilateral Hyperbola, 1s y? = 
ax + x, where a is the axis, x the abfcifs, and y its 
ordinate ; which is fimilar to the equation of the cir- 
cle, viz, y* == ax—x*, differing only in the fign of the 
esl term, and where a is the diameter of the 
circle, 

Infinite Wy rernoras, or Hyprrworas of the higher 
kinds, are expreffed or defined. by general equations 
fimilar to that of the conic or common Hyperbola, 
but having general exponents, inftead of the particular 
numeral ones, but fo as that the fum of thofe on one 
fide of the equation, is equal to the fum of thofe on 


the other fide. Such as, a bxm(d +x), 
where x and y are the abfcifs and ordinate to the axis 


or diameter of the curve ; or x8 = a™+", where the 
abfcifs * is taken on one afymptote, and the ordinate 
y parallel to the other. : : 

As the Hyperbola of the firft kind, or order, viz 
the conic Hyperbola, has two afymptotes ; that of the 
zd kind or order has: three ; that of the 3d kind, « 
four; and fo on. 

Obtufe Hyprrsora, is that whofe afymptotes form 
an obtufe angle. 

ReGangular Hyrernora, 
Hyperbola. 

Hypersonic 4c, isthe arc of an Hyperbola. 

Put a = CA the femitranfverfe 
axe, c = Ca the femiconjugate, vT 
Jy = an ordinate PQ to the axe .@ 
drawn from the en el the 
arc AQ, beginning at the vertex 
aga+cee 


2 
fa 


the fame as Equilateral” 


A: then putting g = 





As thehyp. log. of tt very 
¢ 


= 2°302585093 X common log, of yt Va ty ; 
¢ 





Barve ty = cA «Vee + yy — 3cB 
bes 2 > P+ ee eet 


t Vv ees 
p= at SA dies 
then is the length of the arc AQ expreffed by 


1.3.5q% ‘ 
(2.4.6.8 Eee 





“9? 
ex(A¢ 2B ey p. 
paar 24 


264.6 
4Kz or 


‘wer 
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rc + (21ct + 1917) x 
1gc%t + (aie? + Qf) x 
is the whole tranfyerfe axe 2CA, c == 2Ca the can- 
jagate, x = AP the abcifs, aml y = PQ the ordi- 
aate, : 

Thefe and other rales may be feen demonftrated. in 
-my Merifuration, p. 408, &c, 2d edit. 

Hyrtrnanic Area, or Space, the area or fpace in- 
sluded by the Hyperbolic curve and other lines. 

Patting a = CA the femitran{verfe, ¢ = Ca the fe- 
miconjugate, y= PQ the ordinate, and v = CP its 
diftance from the centre ; then is the 


X 3g, nearly 5 where ¢ 


area APQ = joy — Lac X hyp. log. of = i ; 





fe&tor CAQ = ac x hyp. log. of DES, 


t xt 


2% 
ase ae ie = Fo 
a APQS 267 X (§ FBS B57 $679 Teel 


23 at 





&e), 





2a+x’ 


APQ = oS x (20% + 4o/2ax $ 3xx) nearly. 


wherev = AP, and z = 


Let CT and CE be the two alymptotes, and the or- 
dinates DA, EF parallel to the other afymptote CT ; 
then the afymptotic {pace ADEF or feQor CAF is 


CE 
= CD x DA x hyp. log. “wD or 
a= CD XDA x hyp. log. Fr 
DE DE: DE? DE*+ 
=CD x. DA x & 7 cb + 3eps~ epe** 
and this lait feries was firlt given by Mercator in his 
‘Logarithmotechnia, . 
oe my Menfuration, p. 413, &c, 2d edit. 


"Generally, if xy" = a™*" be an equation expref- 
fing an Hyperbola of any order ; then its afymptotic 


area will be — 





xy; which fpace therefore is always 
n m 


quadrable, in all the orders of Hyperbolas, except the 
firft or common Hyperbola only, in which m and n 
being each t, the denominator n — en becomes o or 
nothing. : 
Hypersoutc Conoid, a folid formed by the revolu- 
tion of an Hyperbola about its axis, otherwife called an 
Hyperboloid, : 


To find the Solid Content of an Hyperboloid. — 


Let AC be the femitranfverfe of the generating 
Hyperbola, and AH the height of the folid; then as 
2AC + AH isto 3AC + AH, fo is the cone of the 
dame bafe and altitude, to the content of the Conoid. 
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To find the Curve Surface of an Ayperbeliid. 

Let AC be the femitranfverfe, and AB perpendicular 
to it, and equal to the femiconjugate of ADE the ge- 
nerating Hyperbola, or fection through the uxisof the 
folid. Join CB; make CF == CA, and on CA let 
fall the perpendicular FG ; then with the femitranfverfe 
CG, and femiconjugate GH = AB, deferibe ale Hy- 
perbola GIK; then as the diameter of a circle is to 
its circumference, fo is the Hyperbolic fruitum’ 
ILAMK to the curve furface of the Conoid generated 
by DAE, See my Menfur. p. 429, &c, 2d edit. 

Hyerervoric Cylindrvid, a folid formed by the re- 
volution of an Hyperbola about its conjugate axis, or 
line through the centre perpendicular to the tranfverfe 
axis. This folid is treated of in the Philof, Tranf 
by Sir Chriftopher Wren, where he thews fore of 
its properties, and applies it to the grinding of Hy- 
perbolical Glaffes ; aflirming that they mutt be formed 
this way, or not at all, See Philof. Tranf. vol. ds 
pa. 961. 

Hypersouic Leg, of a curve, is that having an 
afymptote, or tangent at an infinite diftance.—-Newton 
reduces all curves, both of the firit and higher kinds, 
into Hyperbolic and parabolic legs, i. e. fuch as have 
afymptotes, and fuch as have not, or fuch as have tan- 
gents at an infinite diftance, and fuch as have not. 

Hyrersoric Line, is ufed by fome authors for what 
is more commonly called the Hyperbola itfelf, being the 
curve line of that figure ; in which fenfe the furface 
terminated by it is called the Hyperbola, 

Hyversouc Logarithm, a logarithm fo called as 
being fimilar to the afymptotic {paces of the Hyper 
bola. Thé Hyperbolic logarithm of a number, is to 
the common logarithm, as 2+3025850929940457 to I, 
or as E to *4342944819032518. The firft invented 
logarithms, by Napier, are of the Hyperbolic’kind ; 
and fo are Kepler’s, See Locaritum. 

Hyrersoric Mirror, is one ground into that 
fhape. 

Hyrersoric Space, that contained by the curve 
of the Hyperbola, and certain other lines. See Hy- 
PERBOLIC AREA. 

HYPERBOLICUM Acutim, a folid made by the 
revolution of the infinite area’ or fpace contained be- 
tween the curve of the Hyperbola, and its afymptote. 
This produces a folid, which though infinitely long and 
generated by an infinite area, is neverthelefs equal to 
a finite folid body; as is demonitrated by Torricelli, 
who gave it this name. 

HYPERBOLIFORM Figures, are fuch curves as 
approach, in their properties, to the nature of the Hy- 
perbola; called alfo Hyperboluides. 

HYPERBOLOIDS, are Hyperbolas of the higher 
kind, whofe nature “is exprefled by this equation, 
ay™*" = bate). See Hyrersora. It alfo 
means the Hyperbolic Conoid. See that article. 

HYPERBOREANS, the moft northern nations, or 
regions, as dwelling beyond or about the wind Boreas: 
as the Stberians, Samoieds, &c. 

HYPERTHYRON, in ArchiteGure, a fort of table, 
cufually placed over gates or doors of the Doric order, 
above the chambranle, in form of a frize. : 

HYPETHRE, in Ancient Architecture, two mye 
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of pillars fprrounding, and ten at each face of a temple, 
&c, with a periityle within of fix-columns: ; 
HYPOGEUM, in the ancient Architeéture, aname 
common to all the. parts of a building that are under 
ground ; as the cellars, butteries, &c. . , 
Hyvoceum, in Aftrology, a name given to the ce. 


- leftial houfes that are below the horizon; and efpe- 


cially the imum cali, or bottom point of the heavens. 
HYPOMOCHLION, the fulcrum or prop of a 
lever ; or the spoiat which fuitains its preffure, when 
employed either in raifing or lowering bodies. The 
Hypomochlion is frequently a roller fet under the 
Jever 3 or under ftones or piecés of timber, ‘&c, that 
they may be the more eafily lifted up, or removed. 
HYPOTENUSE, or Hypornenuse,’in a right- 
angled triangle, is the fide which fubtends, or is oppo- 
fite to the right angle, and is always the longeft of the 
three fides; as the fide AC, oppofite to the right 
angle B.-: DS Bee 5 EN eee ; ao aaa 





Tt is a celebrated theorem in Plane Geometry, being 
the 47th prop. of the rf book of Euclid, that in 
every right-angled triangle ABC, the {quare formed 
‘upon the Hypothenufe AC, is equal to both the two 
fquares formed upon the other two fides AB-and BC; 
or that. AC? = AB? + BC. This is particularly 
called: the Pythagorean theorem, from’ its reputed in- 
ventor Pythagoras, who it is faid Yacrificéd a whole 
hecatomb to the mufes, in gratitude for the difcovery. 
_But the fame thing is true of circles or any other fimi- 
lar figures, viz, that any figure defcribed on the Hypo- 
penile, is equal to the fum of the two fimilar figures 
‘defcribed on both the other two fides, 

HIYPOTHENUSE. See Hyrorenuse. 

HYPOTHESIS, in Geometry, or Mathematics, 
means much the fame thing with fuppofition, being a 
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fuppofition or an affumption of fomething ‘as 2 condi. 
tion, upon which to raife a demonftration, or from 
which to draw an inference. . 

Dr. Barrow fays, Hypothefes, or poftulatums, are 
propofitions affuming or affirming fome evidently pol. 
fible mode, a&tion, or motion of a*thing, and that 
there is the fame affinity between hypothefes and pro- 
blems, as between axioms and theorems: a Problem 
fhewing the ‘manner, and demonitrating the pofbility 
of fome ftruéture, and an -Hypothefis aflumiag forme 
conftrugtion which is manifeftly poffible. : 

Hyporuesis, in Philofophy, denotes a kind of 
fyftem laid down from our own imagination, by which 
to account for fome phenomenon or appearance of na- 
ture, Thus there are Hypothefes to account for the 
tides, for gravity, for magneti{m, for the deluge, &c. 

The real and {cientific caufes of natural things ge. 
nerally lie very, deep: obfetvation and. experiment, the’ 
proper means of arriving at them, are in mott cafes ‘ex. 
tremely flow ; and the human mind is very impatient : 
hence we are often induced to feign of invent fomething 
that may feem like the caufe, and which is calculated 
to anfwer the feveral phenomena, fo that it_may pofi- 
bly be the true caufe. 

Philofophers are divided as to the ufe of fuch fiGions 
or Hypothefes, which are much lefs current now than 
they were formerly, The lateft and belt writers are 
for excluding Hypothefes, and ftanding intirely on-ob- 
fervation ant experiment, Whatever is’ not deduced 
from phenomena, fays Newton, is an Hypothefis ; and 
ean rag whether pesca: or phyfical, or 
mechanical, or of occult qualities, have ne place in ex- 
timental philofophy. Phil. Nat. Prin. Math, in 
ce. Ae ig : . 

~Hyrorursis is more particularly apjlied, in Aftra. 
nomy, ‘to the feveral fyftems of the heavens; or the 
divers manners in which different aftronomers have. 
fuppofed the heavenly bodies to be ranged, or moved. 
The principal Hypothefes are the Ptolomaic, the 
Tychonic, and the Copernican. This lat is now fe 
generally received, and fo well eftablithed and war. 
ranted by obfervation, that it is thought. derogatory to 
it to call i¢ an Hypothefis. 

. HYPOTRACHELION, in Architedture, is ufed 
fora little frize in the Tufean and Doric capital, be- 
tween the aftragal and annulets ; called alfo the colerin 


and gorgerin. 


The word is applied by forme authors ia a more pe. 
neral fenfe, to the neck-of any columa, or that part 
of its capital below the aftragal. ~ ge? 
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ACK, in Mechanics, is an inflrument tn common 
ufe for railing heavy timber, or very great weights 
of any kind ; being a certain very powerful combina- 
tion of teeth and pinions, and the whole inclofed in a 
ftrong wooden ‘ftock or frame BC, ‘and moved by a 
erie 4 or handle HP ; the outfide : 
“appearing ag infig. 1, here an- 
nexed, : . 
In fig. 6, pl. 12, the wheel or 
rack-work is fhewn, being the 
view of the infide when the ftock 
js removed, Though it is not 
drawn in the juft proportions and 
dimenfions, for the rack AB 
muft be fuppofed at leait four 
times: ag long in proportion to 
the wheel Q., as the figure re- 
prefents it ; and the teeth, which 
will be then’ four times more in 
number to have about 3 in. the 
inch, Now if the handle HP be 
7 inches long, the circumference 
of this radius will be 44 inches, 
which is the diftance or {pace the ; 
ower moves through in one revolution of the handle: 
ut as the pinion ofthe handle has but 4 leaves, and the 
wheel Q fuppofe 20 teeth, or 5 times the number, there- 
fore'to make one revolution of the wheelQ , it requires 5 
turns of the handle, in which‘ cafe it paffes through 5 
times 44 or 220 inches :, but the wheel having a pinion 
R of 3 leaves, thefe will raife the rack 3 teeth, or 
one inch, in the fame fpace.’ Hence then, the handle 
‘or power moving 220 times as faft as the weight, will 
nik or balance a weight of 220 times its own power. 
And if this be the hand of a man, who can fuftain 100 
pounds weight, he will, ‘by help of this Jack, be able 
‘to raife, or fultain a weight or force of 22000lb, or 
about io tons weight. : 


This machine 1s fometimes open behind from the’ 


bottom almoft up to the wheel Q, to let the lower 
claw, which in’ that cafe is turned up as at B, draw 
up any weight. When the weight is drawn or pufhed 
fufficiently high, it is kept from going back by hang- 
ing the end of the hook S, fixed to a ftaple, over the 
curved part of the handle at 4. 

Jacx is alfo the name of a well-known engine in 
the kitchen, ufed for turning a fpit. ‘Here the weight 
is the power applied, ating by a fet of pulleys; the 
driGion of the parts, and the weight with which the 
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{pit is charged, make the force to be overcome; and a 
ee uniform motion is maintained by means of the 
ye F : 

See the fig. of this machine, pl. 12, fig. 7. 

Smoke Jack, is an engine ufed for the fame purpofe 
with the common Jack, and is fo called from its being 
moved by means of the {moke, or rarefied air, afcendin; 
the chimney, and ftriking againft the fails of the hori- 
zontal wheel AB (plate 12; ig- 8), which being inclined 
to the horizon, is moved about the axis of the wheel, 
together with the pinion C, which carries the wheels 
D and E; and E carries the chain F, which turns 
the fpit. The wheel AB fhould be placed in the nar- 
row part of the chimney, where the motion of the 
{moke is fwifteft, and where alfo the greateft part of 
it muft ftrike upon the fails.—The force of this ma- 
chine depends upom the draught of the chimney, and 
the ftrength of the fire. . 

ack-arch, in Architeéture, is an arch of one brick 
thicknefs, ~ 

Jacx-head, in Hydraulics, a part fometimes annexed 
to the forcing pump. hoa : 

JACOB’s-Staf, a mathematical inftrument for 
taking-heights and diftances; the fame with the Crofs- 
Raff; which fee, © 

JACOBUS, a gold coin, worth 25 hhillings; fo 
called from king James the firft of England, in whofe 
reign it was truck. They’ diftinguifhed two kinds of 
the Jacobus, the old and the new ;. the former valued at 
25 thillings, weighing 6 dwts 10 fr 3 the latter, called 

fo Carolus, valued at. 23 fhillings, and weighing 
5 dwts 20 grains, weg i 

JAMBS, or Jaums, in ArchiteGture, are the up- 
right fides of chimneys, from the hearth to the mantle- 
tree. Alfo door pofts, or'the upright poits at the 
ends of the window frames. oo 

St JAMES’s Day, a feftival in the calendar, ob- 
ferved on the 25th of July, in honour of St. James the 
apoftle. . 

JANUARY, the firft month of the year, accord+ 
ing to the computation now ufed in the Weft, and con- 
taining 31 days; fo called by the Romans from 
Janus, one of their divinities, to whom they gave two 
faces; becaufe on the one fide, the firft day of this 
month looked towards the new year, and on the other 
towards the old one. The name. may alfa be derived 
from Janua, a gate ; this month, being the firft of the 
year, may be confidered as the gate or entrance of it, 
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“January and February were introduced inte the year 
by Numa, Pompilius; Romulus’s year beginning with 
the month of March. 

JAUMS. Sce Jamas. 

ICE, a brittle tranfparent body, formed of fome 
fluid, frozen or fixed by cold. The fpecific gravity 
of Ice to water, is various, according to the nature and 
‘circumflances of the water, degree of cold, &c. Dr. 

* Irving (Phipps’s Voyage towards the North Pole 
found the derifeft Ice he could meet with about a 141 
part lighter than water. M. de Mairan found it, at 
different trials, 1-14th, 18th, or 19th lighter thans 
water ; and when the water was previoufly purged of 
air, only a 22d part. 

‘The rarefaction of Ice has been fuppofed owing to the 
ait-bubbles produced in Ice while freezing; thefe, being 
confiderably large in proportion to the water frozen, 
render the Ice fe much {pecifically lighter. It is well 
kwown that a confiderable quantity of air is lodged in 
the interitices of water, though it has there little or no 
elaftic property, on account of the difunion of its par- 
ticles ; but upon thefe particles coming clofer together, 
and uniting as the water freezes, light, expanfive, and 
elaftic air-bubbles are thue generated, and increafe in 
‘bulk as the cold ‘grows ftronger, and by their elaftic 
force burfts to pieces any veffel in which the water is 
clofely contained, But fnow-water, or any water lon 
boiled over the fre, affords an Ice more folid, and wit! 
fewer bubbles. Pure water long kept in vacuo and 
frozen afterwards there, freezes much fooner, on being 
expofed to the fame degree of cold, than water un- 

urged of its air and fet in the i atmofphere. And 
the Ic¢ made of water thus divefted of its air, is much 
harder, more folid and tranfparent, and heavier than 
common Ice. 

But M, de Mairan, in a differtation on Ice, attri- 
butes the increafe of the bulk of, the water under this 
form, chiefly to a different arrangement of its parts : 
the icy fkin on water being compofed of filaments 
“which are found to be joined conftantly and regularly 
at an ‘angle of 60, and which, by this difpofition, oc- 
cupy a greater volume than if hid were parallel. Be- 
fides, after. Ice is formed, he found it continue to 
expand by cold; a piece of Ice, which wag at firft 
only‘a 14th part fpecifically lighter than water, on 
Deing expofed fome days to the froit, became a 12th 
part lighter; and thus he accounts for the burfting of 
Jce in ponds, 

It appears from an experiment of Dr. Hooke, ia 
1663, that Ice refracts the light lefs than water; 
whence he infers, that the lightnefs of Ice, which 
caufes it to fwim in water, is not produced merely b: 
the fmall ‘bubbles which are vifible.in it, but that it 
arifes from the uniform conftitution.or general texture 
of the whole mafs: a faét .which was afterward con- 
firmed by M. de la Hire. See Hooke’s Exper. by 
Derhami, p. 26, Acad. Per. 1693, Mem. p. 25. 

Sir Robert Barker thus defcribes the procels of 
making Ice in the Eaft Indies, in a.country where he 
never faw any natural Ice, On a large plain they dig 
three or four pits, each about 30 feet fquare, and 2 
feet deep; the bottoms of. which are covered, about 8 
or 42 inches thick, with fugar-cane, or the flems of the 
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large Indian corn, dried. On this bed are placed in 
rows a number of {malt fhallow unglazed earthen, pans, 
formed of a very porous earth, a quarter of an inch 
thick, and about an inch and a quarter deep ; which, 
at the dufk of the evening, they fill with foft water 
that has been boiled. In the morning. before funrife 
the Ice-makers attend at the pits, and collect what has 
been frozen in bafkets, which they convey to the place 
of prefervation. This is ufually prepared in fome high 
anid dry fituation, by finking a pit 14 or 15 feet deep, 
which they line firft with ftraw, and then with a coarfe 
kind of blanketing. The Ice is depofited in this pit, 
and beaten down with rammers, till at length its own 
accumulated cold again freezes it, and it forms one 
folid mafe. The mouth of the pit is well fecured from 
the exteriorair with ftraw and blankets, and a thatched, 
roof is thrown over the whole. Philof. Tranf. vol. 65, 
252. ° 

. ICHNOGRAPHY, in Architecture, is a tranfverfe 
or horizontal fection of a building, exhibiting the 
plot of the whole edifice, and of the feveral rooms and 
apartments in any flory ; together with the thicknefs 
of the ‘walls and partitions; the dimenfions of the 
doors, windows, and chimneys ; the projectures of the 
columns and piers, with every thing vifible in fuch a 
feétion. : oe 

Icunocraray, in Fortification, is the plan or re- 
biped of the length and breadth of a fortrefe.; 
the diftin& parts of which are marked out, either on 
the ground itfelf, or upon: paper. ou 
. Lennocrarny, in Perfpeétive, the view of any thing 
cut off be plane pe to the horizon, juft by the 
bafe or bottom of it; being the fame with what ie 
otherwife called the plan, geometrical plat, or ground- 
‘plot, of any thing, and is oppofed to Erdiograsty or 

vation, 

ICOSAEDRON, or Icosanepron, one of the five 
regular bodies or folids, terminated by twenty equila- 
teral and equal triangles. It may be confidered as 
confifting ef 20 equal and fimilar triangular pyra- 
mids, whofe vertices meet in the centre of a {phere con- 
ceived to circumfcribe it, and therefure having all 
their heights and bafes equal; therefore the folidity of 
one of thofe aarp multiplied by 20, the number of 
them, gives the falid content of the Icofaedton. 

To form or make the LlaedreDeleeibe Spon a 
Harel pial or fome other fuch like fubftance, 20 equi- 
dai triangles, as in the figure at the article Regular 
Bopy. Cut it out by the extreme edges, and cut all 
the other lines half through, then fold the fides up by 
thefe edges half cut through, and the folid will be 
formed. \ + 

The linear edge or fide of the Icofaedron being A, 
then will the furface be 5 A*4/3 = 8-6602540A%, 
and the folidity == 


sary Ttavs = 2'1816950A3, 


More generally, put A = the linear edge-or fide, B 
the furface, and ¢ the folid content. of the icoledion, 
alfo 7 the radius of the inferibed, and R the radius of 
the circumfcribing fphere, then we have thefe general 
equations, viz, - 

rit, 


JET 


wh, Aa rViamthys = RY aS 


BV3 _ poco 3Vv5 
Vs aye 

2d, B= gr? x 73-37 15 = 2R?* X $o/3— a/15 
= 5A /3 = 3 704/5 — 20VI5- 





3d, C = 10r8 x 74/3-3,/15 = IRM 10 Pays 


mean/Li3ys _ BY, 1v3 +3 isp 
fe: 2 -tora8 10 


4th, RarVig—by5 = AV SENS 


rW/5V¥3 + SIS 5-5 
iV iy, = B= icv 3 : 
sth, ra RA LEYS @ pay Leas 

: By : 6 
TW3A3BVY py _ 3 [TV3 $3715 
WW + $Y 5B = 52 / v5 ¢, 


fe} 





See my Menfuration, p. 258, 2d edit. 

IDES, in the Roman Calendar, a name given toa 
feries of 8 days in each month; which, in the full 
months, March, May, July, and OGober, commenced 
on the 15th day; and in the other months, on the 
“13th day; from thence reckoned backward, fo as in 
sthofe four months to terminate on the 8th day, and in 
‘the reft on the 6th. Thefe came between the calends 
of counting is ftill ufed 


and the nones. And this af . bares 
in the Calendar of't! 


‘in'the Roman Chancery, an 
Breviary. 

* The Ides of May were confecrated to Mercury ; 
the Ides of March were always efteemed unhappy, 
after the death of Cafar; the time after the Ides of 
June was reckoned fortunate for thofe who entered into 
matrimony ; the Ides of Auguft were confecrated to 
Diana, and were obferved as a feait by the flaves; on 
the Ides-of September, auguries were taken .for ap- 
pointing the magiftrates, who formerly entered into 
their ohices on the Ides of May, and afterwards on 
thofe of March. 

JET p’eav, a French word, figuifying a fountain 
that throws up water to fome height in the air, 

A, Jet of water is thrown up by the weight of the 
eclumn of water above its ajutage, or orifice, up to 
its fource or. refervoir 3 and therefore it would rife to 
the famé height as the head or refervoir, if certain 
«aufes did not prevent it from rifing quite fo high. 
For fir, the velocity of the lower particles of the 
Jet being greater than that of the upper, the lower 
water itrikes that which is next above it ; and as fluids 
prefs every way, by its impulfe it widens, and. con- 
Jequently fhortens the column. Secondly, the water 


at the top of the Jet does not immediately fall off, 


but forms a kind of ball or head, the weight of which 
deprefles the Jet; but if the Jet be a httle inclined, 
or not quite upright, it will play higher, though it 


will not be quite fo beautiful. Thirdly, the fri@ion. 


againft the fides of the pipe and hole of the ajutage, 
will prevent the Jet from rifing quite fo high, anda 
imall one ‘will be more impeded than a large. one. 
And the fourth caufe is the refiftance of the air, which 
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is proportional to the ‘fquare of the velocity of the 
water nearly; and therefore the defect in the height 
will be nearly in the fame proportion, which is alfo 
the fame as the proportion of the heights of the refers 
voirs above the ajutage. Hence, and from experience, 
it is found that a Jet, properly conitruéted, will rife 
to different heights accosding to-the height of the re- 
fervoir, as in the following table of the heights of 
refervoirs and the heights of their correfponding Jets; * 
the former in feet, and the latter in féet“and tenths of 


a foot. 


a. 





es 


Heights of Réefervoirs and their Fits. 















































Tet. }} Ref. | Jet. | Ref] Jet. |] Ref. 
fe i ! : 

4°9 || 31 | 28°3 || 57 | 49°0 || 82 | 67°0 
59 |} 32 | 29°2 f) 58 | 4o-7 | 83 | 67-7 
68 |) 33.| 30° |i 59 | 50°5 84 | 68-4. 
7°83 || 34 | 30°8 |) 60 | gira 85 | 6971 
8°7 Hi 35 | 31°6 |: 61 | 52:0 86 | 69°38. 
9°7 |) 36 | 32°5 | 62 | 52-7 |) 87 | 7or5 
10°6 ji. 37 | 33°3 | 63 | 53°5 |) 88 | gat 
11°61} 38 | 34-r |! G4 | 54-2 89 | 718 
12°5’|, 39 | 34°9 |i 6F | $4°9 || 90 | 72°5 
13°4 |) 40 | 35°7 || 66 | ss-7 }} ox | 7372 
14°3 | 41 | 36°6 |) 67 | 56-4 || ga | 73:8 
152 fi 42-1 37°47) 68 | Sy | 93 | 745 
161 || 43 | 381 || 69 | $7°8 | o4 | 5-2. 
17°0 |! 44 | 38°9 || 70 | 586 || os | 75°8 
17°9 |i 45 | 39°8 |) 71 | 50°31) 96 | 76:5 
18°8 }} 46.1} 40-5 || 72 | Bo:0°| 97 | 79°2. 
19°7 | 47 | 403 | 73 | Gory | 98 | 77°8 
20°6 1 48 | 4271 |] 74 | 61-4 | 99 | 78-5 
21°5.1| 49 | 42°9-1) 75 | Ozer | 100 | ggrr- 
22°3 |! $0 | 43°7 || 76 | 62-8 || 110 | 85°6 
23°3 F St | 44°4 11 77 | 63°5 || 120-1 gt°9 
2g*k |! 52 | 45°2 | 78 t 64-2 1 130 | 980 
24°9 | 53 7 46:0 || 79 | O49 f 140 | 104g 
258 |: 54 | 46°71) 80 | 65°6 |} 150 | 110 
26°6 |i $5 | 47°5 |) 81 66°3 || 160 | 116 
27°5 |, 56 | 482 i 








By various experiments: that. have been made by 
Mariotte; Defaguliers,. and others, it has-been found, 
_ that if the refervoir be 5 feet high, a condué pipe 7s 
inch diameter will admit a hole in the ajutage from ‘s 
te. ¢ of an inch ; and fo on as.in the following table ; = 


Height Diam. of the. Diam. of the 
Refervoix. Ajutage. Conduét Pipe, 
gfeet. - 2to finch - - 12 inch- 
To - - Zto# ~ «© 2 2 
Woe + £ eo - + 2k 
z 

i eT 
en or ars © 

30 -- dted . - - 3k 
40> - Be + oe GF 

50 ee 2 - - 2 + gb 

60 --- £ - + gho0r6 
8o - - i - - - 6} ory 
Too =~ + iftorf- - 7 or8 


IGN 


But the fize of the pipe will be more ot lefs with the 
diftance. 

If it be required to keep any number: of Jets of 
given dimenfions playing, by one common conduét-pipes 
the diameter of an ajutage mutt be found that thall be 
equal to all the {mall onea that are given, and from 
this its proper conduét-pipe. Thus,. if there be 4 
ajutages, each 2 of an inch diameter ; then the fquare 

_ of £is &, which multiplied by 4, the number of them, 
makes #$, the,{quare root of which is § or 11, the 
diameter of an ajutage equal to all the other four ; to 
which ip the table aniwers a pipe of 8 inches diameter. 
In general, the diameter of the conduét-pipe fhould be 
about 6 times that of the ajutage. 

See Mariotte’s Mouvement des Eaux ; Defaguliers’s 
Exper, Philof. vol. 2, p. 127, &c 5 Clare’s Motion of 
Fluids, p. 1095 &c. 

JETTE, the border made round the ftilts under a 
pier, in certain old bridges, being the fame with flar- 
ling, confiling of a ftrong framing of timber filled 
with ftones, chalk, &c; to preferve the foundations of 
the piers from injury. - : 

IGNIS Faruws, a common meteor, chiefly feen in 
dark nights about meadows, marfhes, and other moift 


aces, as alfo in burying grounds, and near dung-hills. . 


t is known among the people by the appellations, 
Win with a Wifp, and Jack with a Lantern. 

Dr. Shaw defcribes a remarkable Ignis Fatuus, 
which he faw in the Holy Land, that was fometimes 
globular, or in the form of the flame of a candle; 
and prefently. afterward it f{pread itfelf fo much ds 
to involve the whole company in a pale harmlefs 
light, and then contra@t itfelf again, and fuddenly 
difappear, But in lefs than a minute it would be- 
come vifible as before; or, running along from one 
place to another, with a {wift progreflive motion, 
_ would expand itfelf at certain intervals over more than 
2 or 3 acres of the adjacent mountains, The atmo- 
{phere had been thick, and hazy, and the dew on the 
horfes’ bridles was uncommonly clammy and unétuous. 
In the fame weather he obferyed thofe luminous ap- 
pearances, which fkip about the mafts and yards of 
thips at fea, and which the failors call corpufanfe, by a 
corruption of the Spanith cuerpofanto. Shaw’s Travels, 
P- 363- : Bak ries ' 

Newton calls it a vapour thining without heat ; and 
fuppofed it to be of the fame nature with the light 
iffuing from putrefcent fubitances. Willughby and 
Ray were of opinion that it is occafioned by fhining 
infe&ts: but all the appearances of it obferved by 
Derham, Becearia, and others, fufficiently evince that 
it muft be an ignited vapour. Inflammable air hes 
been found to be the moft common of all the faGtitious 
airs in nature ; and that it is the ufual produc of the 
putrefaction and decompofition of vegetable fubftances 
in water. . Signor Volta writes to Dr. Prieftley, that 
he fires inflammable air by the electric fpark, even 
when the ele&tricity is very moderate: and he fuppoics 
that this experiment explains the inflammation of the 
Ignes Fatut, provided they conGft of inflammable air, 
iffuing from marfhy ground by help of the cle@tricity 
of fogs, and by falling ftars, which have probably an 
eleétrical origin. See Prieftley’s Obf. on Air, vol. 3,. 
pP 382 ; is Philof, Tranf. Abr. vol. 7, p. 147 &c. 

Vou. k 
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ILLUMINATION, the a& or effect of a Iumi- 
nous body, or a body that emits light ; fometimed 
alfo the flate of another body that receives it, 

Circle of Intumination. See Cincce, 

ILLUMINATIVE Lunar Month, the {pace of 
time that the moon is vifible, between one conjunction 
and another, . 

IMAGE, in Optics, is the fpeétre or appearance of 
an obje&, made either by reflection or refraGtion. 

In/4il plane mirrors, the Image is of the fame mag- 
nitude as the objet} and it appears as far behind 
the mirror as the object is before it. In convex 
mirrors, the Image appears lefs than the object ; and 
farther diftant from the centre of the convexity, than 
from the point of refleGion. Mr. Molyneux gives the 
following rule for finding the diameter of an Image, 
projeéted in the diftin@ bafe of a convex mirror, viz, 
‘As the diftance of the objet from the mirror, is to 
the diftance from the Image to the glafs; fo is the 
diameter of the obje&, to the diameter of the Image. 
See Lens, Mirzor, Reriecrion, and Rerracrion. 

IMAGINARY Quantities, or Impoffible Quantities, 
in Algebra, are the even raota of negative quantities ; 
which expreffions areImaginary, orimpoffible, or oppofed 
to real quantities ; as 4/— aa, or / —a4, &e. For, as 
every even power of any quantity whatever, whether 
pofitive or negative, is neceflarily pofitive, or having . 
the fign +, becaufe + by 4+, or ~ by — give equally 
+3 fom hence it follows that every even power, as 
the fquare for inftance, which is negative, or having 
the fign —, has no poffible root ; and therefore the 
even roots of fuch powers or quantities are faid to be 
impoffible or Imaginary. The mixt expreffions arifin 
from Imaginary quantities joined to real ones, are alfo 
Imaginary ; as a@-- ,/—aa, or b+ aa. 

e roots of negative quantities were, perhaps, firft 
treated of in Cardan’s Algebra. As to the uneven roots 
of fuch quantities, he fhews that they are negative, and 
he affigns them: but’ the even roots of them he re- 
jeats, obferving that they are nothing as to common 
ufe, being neither one thing nor another; that is, they 
are merely Imaginary or impoffible. And fince his 
time, it has gradually become.a part of Algebra to 
treat of the roots of negative quantities. Albert Gi- 
yard, in his Fevention Nouvelle en P Algebre, p. 425 gives 
names to the three forts of roots, of equations, calling 
them, greater than nothing, lefs than nothing, and 
envelopce, a8 —3: but this was foon after called 
Imaginary or impoffible, as appears by Wallis’s Alge- 
bra, p. 264, &c3; where he obferves that the fquare 
root of a negative quantity, is a mean proportional be- 
tween a pofitive and a negative quantity; as 4/—bc 
is the mean proportional between + 5 and ~—c, or be- 
tween ~ and + ¢; and this he exemplifies by geome- 
trical conftruations. See alfo p. 313. 

The arithmetic of thefe Imaginary quantities has 
not yet been generally agreed upon; viz, as to the 
operations 9f multiplication, divifion, and involution ; 
fome authors giving the refults with 4, and others on 
the contrary with the negative fign —. Thus, Euler, 
in his Algebra, p. 166 &c, makes the fquare of 4/—3 
to be —3, of Y%—r1 to be —1, kes and yet he 
makes the produ@t_ of two impoffibles, when they are 
unequal, to be poffible and real: as /—2 X /~3 

4L- = 4/63 
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= 4/6; and J—1 x /—4= ,/gor2, But how 
ean the equality or inequality of the factors caufe any 
difference in the figns of the produéts ? & 
li fY-~2x« Vv—3 be = ./+ 6, how can 
J —3 % /—4, which is the fquare of / — 3, be 
~3? Again, he. makes ./—3 xX o/+ 5= f—-t5. 
Allo in divifion, he makes V-4>/-1 to be= 
Vt4or25 and f+35/+~3= /=1; alfo 
I 
that ror /fiby~1 = vit = Yrmi; 
confequently, multiplying the quotient raot ./~—1 by 
the divifor ,/—1, mutt give the dividend of +13 and 
yet, by (quaring, he makes the fquare of 4/—1, or 
the produ& ./—1 x ./—1, equal to mh 

But Emerton makes the product of Imaginaries to be 
Imaginary ; and for this reafon, that © otherwife a 
real product would be raifed from impoffible fadtors, 
which is abfurd. Thus, 
maxX f~ b= if —ab,and f-ax—-Y—-b= 
— i — aby Ec. 

Alfo /~ax of ~ a= —a,and f~ax —VYV-a=z 
+a, &e.” 

And thus moft of the writers on this part of Algebra, 
are pretty equally divided, fome making thé produ 
of impoflibles real, and others Imaginary. 

In the Philof. Tranf. for 1778, P- 3t8 &c, Mr. 
Playfair has given an ingenious diflertation « On the 
Arithmetic of Impoffible Quantities.” But this re- 
Jates chiefly to the applications and ufes of them, and 
not to the algorithm of them, or rules for their TO. 
duéts, quotients, fquares, &c. From fome operations 
however here performed, we learn that he makes the 
produ& of ¥— 1 by 4/— 1, or the fquare of 4/ — Tt, 
to be — 1; and yet in another place he makes the 

roduc of /—~ 1 and /1—attobeV—1 pat 
Mtr. Playfair concludes, that Imaginary expreffions 
are never of ufe in inveftigations but when the fubje& 
is a property common to the meafures both of ratios and 
of angles; but they never lead to any confequence 
which might not be drawn from the affinity between 
thofe meafures; and that they are indeed’ no more 
than a particular method of tracing that affinity. The 
dedaétions into which they enter are thus reduced to 
an argument from analogy, but the force of them is 
not diminifhed on that account. .The laws to which 
this analogy is fubje& the cafesin which it is perfeat, 
in which it fuffers certain alterations, and in which it is 
wholly interrupted, are capable of being precifely af- 
certained. Supported on fo fure a foundation, the 
arithmetic of impofflible quantities will always remain 
an ufeful inftrument in the difeovery of truth, and may 
be of fervice when a more rigid analyfis can hardly be 
applied. - For this reafon, many refearches concerning 
it, which in themfelves might’ be deemed abfurd, are 
neverthelefs not deftitute of utility. M. Bernoulli has 
found, for example, that if r be the radius of a circle, 





: log. /— 
the circumference ig =: 4°08: ¥ 7 Confidered 
as a quadrature of the circle, this Imaginary theorem is 
wholly infignificant, and would defervedly pafs for an 
abufe of calculation ; at the fame time we learn from 


it, that if-in any- equation the quantity pe dota 


Vor 





fhould occur, it may be made to difappear, by the fub. 
fitution of a circular’ arch, and a property, common 


to both the circle and hyperbola, 


may be ‘obtained. 


The fame is to be obferved of the rules which have 


been invented for the transformatio: 


n and reduétion of 


impoffible quantities * ; they facilitate the operations 
of this imaginary arithmetic, and thereby lead to the 
knowledge of the moi beautiful and extenfive analogy 
which the doétrine of quantity has yet exhibited. 

* The rules chiefly referred to, areethofe for re. 
ducing the impoffible roots of an equation to the form 


A+B/—1.” 


Imacinary Roots, of an equation, are thofe roots 
or values of the unknown quautity in an equation, 
which contain fome Imaginary quantity. So the roots 


of the equation xa -+ aa = O, are 


the two Imaginary 


quantities + 4/— aaand WR aa or + a/—t 
and — a /— 13; alfo the two roots of the equation 
xx + ax + aa = o, are the Imaginary quantities 
ia — 4a/— 33 and the three roots of the 


equation «3 — 1 m= ©, or x3 


pt Re BO Aol JR 
2 





2 


-I~ f= 





= I, are 1 and 


3 


and the two latter Imaginary. Sometimes too the real 
root of an equation may be expreffed by Inaginary 


quantities ; as in the irreducible cafe 


of cubic equations, 


when the root is is hae by Cardan’srule; and that 


happens whenever t 


¢ equation has no Imaginary roots 


at all; but when it has two Imaginary roots, then the 
only real root is expreffed by that rule in an Imaginary | 
Equations, in the 


form. See my paper on’ Cubic 
Philof. Tranf. for 1780, P. 406 &e. 


Albert Girard firft treated exprefsly on the impoffible 
or Imaginary roots of equations, and thewed that every: 


equation has as many roots, either 
as the index of the higheit power de 
roots of the biquadratic equation 


real or Imaginary, 
notes. Thus, the 
x4 = 4e — 3, -he 


fhews are two real and two Imaginary, viz, 1, 


1, —-1+ /f— 2, and —7 


W~ 253 and he 


renders the relation general, between all the roots 


and the coefficients of the terms 


of the equation, 


See his Jnvention Nouvelle en PAlgebres anno 1629, 


theor. 2, pa. go Ke, 


M. D’Alembert demonftrated, that every Imaginary 
root of any equation can always be reduced to the 


form e ++ f,/— 1, where e and Jf. are real quantities, 
And hence it wasalfo fhewn, that if 


one root of an equation be - 
another root of it will alwaysbe ~ 


etf/m—t, 
esff—i1: 


and hence it appears that the number of the maginary 
roots in any equation is always even, if any; Le. 
either none, or elfe two, or four, or fix, &c. Memoirs 


of the Academy of Berlin, 1746. 
To difcover how many impoffible 
in any propofed equation, Newton 


roots are contained 
gave this rule, in 


his Algebra, viz, Conftitute a feries of fraG@tions, whofe 


denominators are the feries of natural numbers 1 


4.5, &c, continued to the number fhewing the index 


or exponent of the higheit term of 


the equations, and 


their numerators the fame feries of numbers in the con. 
trary order: and divide each of thefe fra@ions by thar 


ing quotients over’ 
the intermediate terms of the equation; then undeb 


next before it, and place the refult: 


each of the intermediate terms, if it 


8 fquare multiplied 
: by 


» the firit real, 


» 25 3s, 
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by the fraGtion over it, be greater than the produé of 
the terms on each fide of it, place the fign +; but 
if not, the fign — ; and under the firft and laf term 
place the fign +. Then will the equation have as 
many Imaginary roots.as there are changes of the under- 
written figns from + to ~—, and from — to +. So 
for the equation x3 — 4x? + 4x — 6 = 0, the feries 
of fractions is ?, 2, }; thenthe fecond divided by the 
» firft gives 3 or }, and the third divided by the fecond 
gives ! alfo whence thefe quotients placed over the 
intermediate terms, the whole will fland 
x 


z q 
thus, x3 = gx? 4 4e — 6. 


+ atte a 
Now becaufe the (quare of the 2d term multiplied by 
“its fuperfcribed fraétion, is *$ a4, which is greater than 
42% the produc of the two adjacent terms, therefore 
the fign + is fet below the 2d term ; and becaufe the 
fquare of the 3d term multiplied by its overwritten frac- 
tion, is *f%?, which is lefs than 2447 the produét of 
the terms on each fide of it, therefore the fign — is 
placed under that term ; alfo the fign + is fet under 
the firft and laf terms. Hence the two changes of the 
underwritten figns + + — 4, the one from +to-, 
and the other from — to +, thew that the given equa- 
tion has two impoffible roots. 

When two or more terms are wanting together, un- 
der the place of the 1it of the deficient terms write the 
fign —, under the 2d the fign +, under the gd—, 
and fo on, always varying the figns, except that under 
the laft of the-deficient terms muit always be fet the fign 
++, when'the adjacent terms on both fides of the defi- 
cient terms have contrary figns. Ag in the equation 

+ at & HX + ab =0, 
ee ery 4, 
which has four Imaginary roots. 

The author remarks, that this rule will fometimes 
fail of difcovering all the impoffible roots of an equa- 
tion, fox fome equitions may have more of fuch roots 
than can be found by this rule, tho? this feldom happens. 

Mr. Maclaurin has given a demonttration of this rule 
of Newton’s, together with one of his own, that will 


never fail, And the fame has alfo been done by Mr. 
Campbell. See Philof. Tranf. vol. 345 Pp. 104, and 
vol. 35, p. 515. - 


he real and imaginary roots of equations may be 
found from the method of fluxions, applied to the doc- 
trine of maxima and minima, that is, to find {uch a va- 
lke of x in an equation, expreffing the nature ofa curve, 
made equal to , an abfciffa which correfponds to the 
greateft and leait ordinate. But when the equation is 
above 3 dimenfions, the computation is very laborious, 
See Stirling’s treatife on the lines of the 3d order, 
Schol. pr. 8, pa. 59, &c. 

IMBIBE, is commonly ufed in the fame fenfe as 
abforb, viz, where a dry porous body takes up another 
that is moift. : 

IMMENSE, that whofe amplitude or extenfion can- 
not be equalled By any meafure whiatfoever, or how of- 
ten foever repeated. 

IMMERSION, the aé of plunging into water, or 
fome other fluid, 

Immegsion, in -Aftronomy, is when a flar, or 
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_ or of an occultation, 


‘IMP 


’ P 
planet comes fo near the fun, that it cannot be feeng 
being as it were enveloped, and hid in the rays of that 
luminary. - 

Immersion alfo denotes the beginning of an eclipfe, 
when the body, of any part of it 
jut begins to difappear, cither behind the edge of ano-. 
ther body, or in its fhadow. As, in an eclipfe of the 
moon, when fhe begins to be darkened by entering into 
the thadow of the earth: or the beginning of an 
eclipfe of the fun, when the moon’s dife jut begins 
to cover him: or the beginning of the eclipfes of 
any of the fatellites, as‘thofe of Jupiter, b enieeng 
into his fhadow.: or, laftly, the beginning of an occul- 
tation of any ftar or planet, by paffing behind the body 
of the moon or another planet. In all thefe cafes, the 
darkened body is faid to immerge, or to be immerged, 
or begin to be hid, by dipping as it were into the fhade, 
In like manner, when the darkened body begins to 
appear again, it is faid to emerge, or come out of dark- 
nefs again. 

IMPACT, the fimple or fingle ation of one body 
upon another to put it in motion. Point of Impact, is 
the place or point where a body a@s. 

IMPENETRABILITY, a quality by which a 
thing cannot be pierced or penetrated ; or a property 
of body by which it fills up certain {paces, fo that there 
is no room in them for any other body. ; 

IMPENETRABLE, that cannot be penetrated. 

IMPERFECT Number, isthat whofe aliquot parts, 
taken all together, do not make a fum that is equal to 
the number itfelf, but either exceed it, or fall fhort of 
its being an abundant number in the former cafe, and 
a defective number in the latter, Thus, 12 is an 
abundant. Imperfe& number, becaufe the fim of all 
its aliquot parts, 1, 2, 3, 4, 6, makes 16, which exceeds 
the number 12. And 10 is a defeédtive Imperfee 
number, becaufe its aliquot parts, 1, 2, 5, taken all 
together, make only 8, which is lefs than the number 
10 itfelf. 

IMPERIAL Talk, 
with a box and needle, 
furing of land. 

IMPERVIOUS, not.to be pervaded or entered ¢i- 
ther becaufe of the clofenefs of the pores, or the parti+: 
cular configuration of its parts. 

IMPETUS, ia Mechanics, force, momentum, mo- 
tion, &c. 4 

IMPOSSIBLE Quantity, or Root, the fame as 

Imacinary ones; which fee. 

IMPOST, in Architcéture, a capital or plinth, te 
a pillar, or pilafter, or pier, that fupports an arch, &e. 

IMPROPER FraGion, is a fraction whofe numera- 
tor is either equal to, or greater than, its denominator. 
As § or $ or An Improper fraétion is reduced 

by dividing the numerator 


is an inftrument made of brafs, 
and flaff, &c, ufed for-mea- 


toa whole or mixt number, 
by the denominator ; the quotient is the integer, and 
the remainder fet. over the divifor makes the fractional 
part of the value of the original Improper fra@ion, 
Thus $= 1, and § = 13, and 4° = 34, So that 
when the numerator is juft equal ‘to the denominator, 
the Improper fraQion is exadtly equal to unity or 1; 
but when the numerator is the greater, the fraQion is 


greater thant, 
4L2 * IMPULSE, 
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: IMPULSE, the fingle’ or momentary aétion or 
forge by which a body is impelled; in contradif- 
tinGtion to continued forces ; like the blow of a ham- 
mer, &c. 7 

IMPULSIVE, a term applicd to ations by im- 


ulfe. & 


INACCESSIBLE Height or Diftance, is that which. 


cannot be ad ene or meafured by a€tual meafure- 
ment, by reafon of fome impediment in the way ; as 
water, kc. ~ 

Sce Heicurs and Distances. : : 

INCEPTIVE, of Magnitude, a term ufed by Dr. 
Wallis, to exprefs fuch moments, or firft principles, as, 
though of no magnitude themfelves, are yet capable of 
producing fuch as are. See Inrinire, and Inptvisi- 
air. .Thus, a point has no magnitude itfelf, but is 
inceptive of a line, which it produces by its motion, 
Alfo a line, though it has no breadth, is yet Inceptive 
of breadth ; that is, it is capable, by its motion, of 
producing a furface, which has breadth. 

INCH, a common Englifh meafure, being the 12th 

art of a foot, or 3 barley corns in length. 

INCIDENCE, or dine of Incipence, in Mechanics, 
implies the dire@tion or inclination in which one body 
ftrikes or a¢ts on another, In the incurfions of two 
moving bodies, their Incidence is faid to be Direét or 
Oblique, as the directions of their motion make a 
ftraight line, or an angle at the point of Impaé. 

ingle of Incrpence, by fome writers, denotes the 

angle comprehended between. the line of Incidence, 
and a perpendicular to the body aéted on at the point of 
Incidence. Thus, fuppofe AB an Incident line, and 
BF a perpendicular to the plane CB at the incident 
point B ; then ABF is the angle of Incidence, or of in- 
clination, 





D 





But, according to Dr. Barrow, and fome other wri- 
ters, the Angle of Incidence is the complement of the 
former, or the angle made between the incident line, and 
the plane acted on, ora tangent at the point of Inci- 
dence ; as the angle ABC. 

It is demonftrated by optical writers, 1ft, That 
the Angle of Incidence, of the rays of light, is always 
equal to the angle of refleQion ; and that they lie in the 
fame plane. And the fame is proved by the writers on 
Mechanics, concerning the refleGtion of elaftic hodies. 
That is, the ZABF = the Z2FBD, or the 
4ABC = the 4DBE.—2d, That the fines of the 
Angles of Incidence and refraction are to each other, 
either accurately, or very nearly, in a given or conftant 

. ratio.-gdly, That from air into glafs, the fine of the 
Angle of Incidence, is to the fine of the angle of re- 
fraction, as 300 to 193, or nearly as 140-9: and, on 
the other hand, that out of glafs into air, the fign of the 
Angle of Ineidence, is to the fine of the angle of refrac~ 
tion, as 193 to 300, or as 9 to 14 nearly. 

Incipence of Eclipf. See Ecuirse and Immense 
SION, 
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._ Axis of Incinence, is the line FB perpendicular te 
the reflecting plane at the point of Incidence B. 

Cathetus of Incipence. Sce Carnerusy and Re- 

FLECTION. 
_ Line of Inciwence, in Catoptrics, denotes a tight 
line, as AB, in which light is propagated from a ra- 
diant point A, to a point B, in the furface of a {pe- 
culum. The fame line is alfo called an Incident ray. 

Line of Ixcivence, in Dioptrics, is aright line, as 
AB, in which light is propagated unrefracted, in the 
fame medium, from the radiant point to the furface of 
the refraéting body, CBE. 

Point of Incivence, is the point B on the furface 
of the refleGing or refradting medium, on which the 
Incident ray falls, 

Scruples of Incivence. See Scrurres. : 

INCIDENT Ray, is the line or ray AB, falling on 
the furface of any body, at B. 

-INCLINATION, in Geometry, Mechanics, or 
Phyfics, denotes the mutual tendency of two lines, 
planes, or bodies, towards one another ; fo that their 
ireevions make at the point of concourfe fome certain 
angle, 

Incuination of the Axis of the Earth, is the angle 
it makes with the plane of the ecliptic ; or the angle 
between the planes of the equator and ecliptic, 
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Incuiwation of a Line to a plane, is the acute angle, 
as CDE, which the line CD makes. with another Fine 
DE drawn in the plane through the incident point D 
and the foot of a perpendicular E. from any point of the 
line upon the plane. 

Incuination of an Incident ray, is the angle of incli- 
nation, or angle of incidence. : 

InciinaTion of the Magnetical needle. See Dirvina 
Needle. 

Incutnation of Meridians, in Dialling, is the an- 
gle that the hour-line on the globe, which is per- 
pendicular to the dial-plane, makes with the mes 
ridian. : : 

Inctination of the Orbit of 4 planet, is the angle 
formed by the planes of the ecliptic and of the orbit of 
the planet. The quantity of this Inclination for the 
feveral planets, is as follows, viz. 


Mercury ° - 6° 54? 
- Venus - - 3 20° 
Earth - - oOo oO 
Moon - - 5 18 
Mars . - I 52 
Jupiter. - - I 20 
Saturn - - 2 30 
Herfchel - “-, 0 48 


Incuination ef a Plane, in Dialling, is the arch of 
vn a vertical, 
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a vertical circle, perpendicular both to the plane and 
the horizon, and intercepted between them. 

IncuinAtion of a Planet, is the arch or angle com. 
prehended between the ecliptic and the place of the 
planet in its orbit. ‘Fhe greateft Inclination, or de- 
clination, is the fame as the Inclination of the orbit 5 
which fee above. 

Incurnation of a Reflefled ray, is the angle whicha 

+ ray after reflection makes with the axis of Inclination ; 
as the angle FBD, in the laft fig. but one. 

Incumation of Tao Planes, is the angle made by 
two lines drawn in thofe planes perpendicular to their 
common interfe@ion, and meeting in any point of that 
interfeCtion. 

Angle of Inctination, is the fame as what is other- 
wife called the angle of incidence. 

Argument of Intuination. See ARGUMENT. 

Inctinen Plane, in Mechanics, is a plane inclined to 
the horizon, or making an angle with it. It is one of 
the fimple mechanic powers, and the double inclined 
plane makes the wedge, 

i. The power gained by the Inclined plane, is in 
proportion as fhe lear of the plane is to its height, 
or as radius to the fine of its inclination 3 that is, a given 
weight hanging freely, will balance upon the plane ano- 
ther weight, that fhall be greater in that proportion. 
So, when the greater weight 7 
W on the plane, is balanced by 
the lefs weight aw hanging per- 

endicularly, then is w: W:: 
Cr:ACi: fin, ZA: radius. - w 
Or, in one words, the relative 

vity of a bady upon the plane, 
ori force in leading down A 
the plane, is to its abfolute gravity or weight, in the 
fame proportion of the height of the plane to its length, 
or of the fine of inclination to radius. 

2. Hence therefore the relative gravities of the fame 
body on different inclined planes, or their forces to de- 
{cend down the planes, are to each other, as the fines of 
the angles of inclination, to radius 1, or direGtly as the 
heights of the planes, and inverfely as their lengths. 

3- Hence, if the planes have 
the fame height, and abfolute 
weights of the bodies be dire@tly 
Proportional to the lengths of 
the planes, then the forces to 
defcend will be equal. Confe- 
quently, if the bodies be then 
connected by a ftring aéting parallel to the planes, 
they will exaély balance each other; as in the an- 
nexed figure. 

4+ The relative force of gravity upon the plane being 
in a conftant ratio to the abfolute weight of the body, 
viz, as fine of inclination to radius; therefore all the 
laws relating to the perpendicular free defcents of bo- 
dies by gravity, hold equally true for the defcents on 
inclined planes; fuch as, that the motion is a uni- 
formly accelerated one; that the velocities are dire&ly 
as the times, and the {paces as the {quare of either of 
them ;_ufing only the relative force upon the plane for 
the abfolute weight of the body, or initead of 23 feet, 
the velocity generated by gravity in the fir ecg of 

4“ . : 
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time, ufing 324s, where s is the fine of the inclination 
tothe radius 1. ~ 

5. The velocity acquired by a body in defcending 
down an Inclined plane AC, 
when the body arrives at A, is 
the. fame as the velocity ag- 
quired by defcending freely. 
down the perpendicular altitude 
BC, when it arrives at B. But 
the times are very different ; for 
the time of defcending down the 
Anclined plane, is greater than 
down the perpendicular, in the 
fame proportion as the length of the plane AC, isto | 
the height CB: and fo the time of defcending from 
any point C to a horizontal line or plane ABC: &ey 
down any oblique linc, or Inclined plane, is directly 
proportional to the length of that plane, CA, or CD, 
or CE, or CB, or CF, &c. 

6. Hence, if there be drawn AH perpendicular to 
AC, meeting CB produced in H; then the time of 
defcending down any plane CA, is equal to the time of 
defcending down the perpendicular CH. So that, if 
upon CH ag a diameter a circle be defcribed, the times 
of defcent will be exactly equal, down every chord. in 
the circle, be; inning at C, and terminating any where 
in the circumference, as CI, CA, CK, CH, &c, or bes 
ginning any where in the circumference, and terminatin 
at the loweit point of the circle, as CH, IH, A s 
KH, &c. 

7+, When bodies afcend up Inclined planes, their mo- 
tion is uniformly retarded ; and all the former laws for 
defcents, or the generation of motion, hold equally 
true for afcents, or the deftruGion of as much motion. 

‘Inctinen Towers, are towers inclined, or leahing 
out of the perpendicular. See Towers. 
es INCLINERS, in Dialling, are inclined dials. See 

TAL. 

INCOMMENSURABLE, Lines, or Numbers, or 
Quantities in general, are fuch as have no common mea+ 
fare, or no line, number, or quantity of the fame kind, 
that will meafure or divide them both without aremain- 
der. Thus, the numbers 15 and 16 are Incommen- 
furable, becaufe, though 15 can be meafured by 3 and 
§, and 16 by 2, 4, and 8, there is yet no fingle number 
that will divide or meafure them both. 

Euclid demonftrates (prop. 117, lib, 10) that the fide 
of a fquare and its diagonal are Incommenfurable te 
each other. And Pappus, prop. 17, lib. 4, fpeaks of 
Incommenfurable angles. . 

IncoMMENSURABLE in Power, is {aid of quantities 
whofe 2d powers, or {quares, are Incommenfurable. As 
4/2 and 4/3, whofe fquares are 2 and 3» which are 
Incommenfurable. It is commonly fuppofed that the 
diameter and circumference of a circle are Encommen- 
furable to each other ; at leaft their commenfurability 
has never been proved. And Dr. Barrow farmifes even 
that they are infinitely Incommenfurable, or that alk 
poflible powers of them are Incommenfurable, 

INCOMPOSITE Numbers, are the fame with thofe 
called by Euclid prime numbers, being fuch as are not 
compofed by the multiplication together of other num- 


bers, As 3, t1, & 
eat es? INCREMENT, 
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INCREMENT, is the fmall increafe of a variable 
‘quantity. Newton, in his Treéatife on Fluxions, calls 
thefe by the name Moments, and obferves that they are 
proportional to the velocity or rate of increafe of the 
flowing or variable quantities, in an indefinitely {mall 
time; he denotes them by fubjoining a cipher 0, to the 

‘flowing quantity whofe moment or Increment it iss 
thus 10 the moment of x. In the doétrine of Incre- 
ments, by Dr. Brooke Taylor and Mr. Emerfon, they 
are denoted by points below the variable quantities ; 
asx, Some have alfo denoted them by accents under- 
neath the letter, as 2s but it is now more ufual to ex- 
prefs them by accents over the fame letter; aso, 

INCREMENTS, Method of, a branch of Analytics, 
in which a calculus is founded on the properties of the 
fucceffive values of variable quantities, and their diffe. 
rences, or Increments, 

The inventor of the Method of Increments was the 
learned Dr. Taylor, who, in the year 1715, publifhed a 
treatife upon it; and afterwards gave fome farther ac- 
count and explication of it in the Philof. Tranf. as ap- 
plied to the finding the fums of feries. And another 
ingenious and eafy treatife on the fame, was publifhed 
by Mr. Emerfon, in the’ year 1763. The method is 
nearly allied to Newton’s Do@trine of Fluxions, and 
arifes.out of it. Alfo the Differential method of Mr. 
Stirling, which he applies to the fummation and interpo- 
lation’ of feries, is of the fame nature as the Method of 
Increments, but not fo general and extenfive. 

From the Method of Increments, Mr. Emerfon ob- 
ferves, “ The principal foundation of the Method of 
Fluxions may be eafily derived. For as in the Method 
of Increments, the Increment may be of any magnitude, 
fo inthe Method of Fluxions, it muit be tees ed infi- 
nitely fmall ; whence all preceding and fucceffive values 
of the variable quantity will be equal, from which 
equality the rules for performing the principal opera- 
tions offluxions are immediately deduced. That I may 
give the reader, continues he, a more perfe& idea of the 
nature of this method : fuppofe the abfciffa of a curve 
be divided. into any number of equal parts, each part of 
which is called the Increment of the abfciffa; and 
imagine fo many parallelograms to be erected thereon ; 
either circumferibing the curvilineal figure, or infcribed 
in it; then the finding. the fum of all thefe parallelo- 
grams is the bufinefs of the Method of Increments. But’ 
if the parts of the abfciffa be taken infinitely {mall, then 
thefe parailelograms cogent into. the curve; and 
then it is the bufinefs of the Method of Fluxions, to 
find the fum of all,or the area of the curve. So that 
the Method’of Increments finds the fum ofany number 
of finite quantities ; and-the Method of Fluxions the 
fum of any infinite number of infinitely fmall ones: 

. and this is the effential difference between thefe two 
methods.” Again, “ There is fuch a near relation 
between the Method of Fluxions, and that of Incre- 
ments, that many of the rules for the one, with little 
variation, ferve alfo for the other. And here, as in 
the Method of Flaxions, fome queftions may be 
folved, and the integrale found, in finite terms 3 whilft 
in others’ we are forced to have recourfe to infi- 
nite feries for a folution, Arnd the like difficulties will 
occur in the Method of Increments, as ufually happen 
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in Flusions, For whilft fome fluxionary quantities have 
no fluents, but what are expreffed by feries ; fo fome 
Increments have no integrals, but what infinite feries 
afford; which will often, as in fluxions, diverge and 

beconie ufelefs.”” : : 

By means of the Method of Increments, many cu- 
rious and ufeful problems are eafily refolved, which 
{carcely admit ofa {olution in any other way. As, fuppofe 
feveral feries of quantities be given, whofe terms are all. 
formed according to fome certain law, avhich is given; 
the Method of Increments will find out a general 
feries, which compfehends all particular cafes, and from 
which all of that kind may be found. 

The Method of Increments is alfo of great ufe in 

finding any term of a feries propofed: for the law 
being given by which the terms are formed ; by means 
of this general law, the Method of Increments will 
help us to this term, either expreffed in finite quanti- 
ties, or by an infinite ferivs. 
.. Another ufe of the Method of Increments, is to find 
the fums of feries; which it will often do in finite 
terms. And when the fum of a feries cannot be had 
in finite terms, we muft have recourfe to infinite feries; 
for the integral being expreffed by fuch a feries, the 
fum of a competent number of its terms will give the 
fam of the feries required. ‘This is equivalent to 
transforming one feries into another, converging quick- 
er: und fometimes a very few terms of this feries will 
give the fum of the feries fought. 


Definitions in the Method of Increments. 


1. When a quantity is confidered as increafing, or 
decreafing, by certain fteps or degrees, it is called an 
Integral. 3 

2. The: increafe of any quantity from its prefent 
value, to the next ‘fucceedin value, is called an Incre- 
ment: or, if it decreafes, a Decrement. 

3- The increafe of any Increment, is the Second 
Increment ; and the increafe of the 2d Increment, is 
the 3d Increment; and foon, - : 

4- Succeeding Values, are the feveral values of the 
integral, gucceeding one another in regular order, from 
the prefent value; and Preceding Values, are Such as 
arife before the prefent value. All thefe are called by 
the general term Factors. 

5- A Perfe quantity is fuch as contains any num- 
ber of fucceffive values without intermiffion ; and a 
Defective quantity, is that which wants fome of the 
fucceffive values. © Thus.» « x x isa Perfeét quantity ; 





and x x x, an Imperfe& or defective one, 
2 s 

Notation. This, according to Mr. Emerfon’s method, 
is as follows: 

1, Simple Integral quantities are denoted by any 
letters whatever, as x, Js Hy 0, Kew 

2. The feveral values of a fimple integral, are de- 
noted by the fame letter with {mall figures under them: 
fo ifz be an integral, then z, 2, 2, 2, &c are the pre. 


fent value, and the rft, 2d, 3d, “ke, fucceffive values 

of it ; and the preceding values are denoted by figures 

with negative figns, thus z, z, 2, x, are the iit, 2d, 
ee er ers i 

3h 
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34, 4th preceding values; and the figure denoting any 
value, is the charatteriftic, - 

3- The Increments are denoted with the fame letters, 
and points under them: thus, x is the Increment of x, 
and 2 is the increment of z. Alfo w is the Increment 

: a 


of x; and * of x, &e. 
1 n 


oa c 

4. The 2d, 3d, and other Increments, are denoted 
“with two, three, or more points: fo x is the 2d Incre- 
ment of z, and #is the 3d Increment of z, and fo on. 
And thefe are denominated Increments of fuch an 
order, according to the number of points. 

5. If+ be any Increment, then [x] isthe integral of 
it; alfo *[x] denotes the integral of [x], or the 2d 
integral of x; and 3[x]] is the 3d integral of x, or an 
integral of the 3d orders &c. s 

6. Quantities written thus, 
s+. mean the fame as xxx xx, or fignify that 


1 Sy. . 42345 
the quantities are continued from the firft to the laft, 
without break or interruption. 


To find the Increment of any Integral, or variable quantity. 


Rule 1, Uf the propofed quantity be not fraétional, 
and be a perfect integral, confifting of the fucceffive va- 
lues of the variable quantity which increafes uniformly: 
Multiply the propofed integral by the number of 
faGtors, and change the loweft faétor for an Incre- 
ment. So the Increment of a—3%-+ 6 is —3x+ 62; 
for the Increment of the conftant quantity @ is o or 
nothing. So likewife, 

The Increment of ¢ x x xx, is ACH xt. 

3 3 


aaa. 12 
The Increment of ax x x, is Bax xe x 


ad-207 -2-1 
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The Increment of x... 4,ism-paP lex x. vate 
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Rule 2. In fra@ional quantities, where the denomi- 
nator is perfect, and the vaFiable quantity increafes 
uniformly: Multiply the propofed integral by the 
number of fattors, and by the conftant Increment with 
a negative fign, and take the next fucceeding value 
into the denominator. Thus, - : 


The Increment of eae LL 








-» is e, 
Rea & Meee & 
4 s 
e . — Orr 
The Increment of ———., is 9 . 
2 Beene ed 


= - 6 
Rule 3. The Increment of any” power, as x" is 
x, + #]"—n"; that is, the difference between the pre- 
fent value x" and the next fucceeding value x + xT. 
And generally, the Increment of any quantity what- 
"ever, is found by fubtra@ing the prefent value, or 
the given quantity, from its next ucceeding value, 
Alfo by expanding the compound quantity in a feries, 
and fubtracting «" from it, the Increment will be 
either ; 
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x 1 : 
So the Increment of 44, is x taleata 
Atty + 6x23 f gard + xt, 
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The Increment of = or x * 
cs 
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The Increment of a*,@ being conftant, is 
x +; 
a aaa" * = at = ak (a? 1). 


I 

I. 

The Increment of =i QZ s 
g a’ 
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The Increment of xz is «xz — xz =: 
re 





RPL. Bh exe mer pee tive, 

And fo on for any form of Integral whatever, fulz 
tracing the given quantity from its next fucceeding 
value. So, 

The Increment of the log. of x is log. « — log. 

1 





= log. « + ¥ — log. x = log. = A Mae which, by the 
nature of logarithms, is 

* x xs x & 

Parr 3x8 gas Sr 


Schol. From hence may be deduced the principles 
and rules of fluxions; for the method of fluxions is 
only a particular cafe of the method of Increments,, 
fluxions being infinitely {mall Increments ; therefore if 
in any form of Increments the Increment be taken. 
infinitely {mall, the form or expreffion will be changed 
into a fluxional one. ; 

Thus, in zy + xx + x, which is the Increment of 
the reGangle xz, if x and x be changed for * and &, 
the expreffion will become zi + a + #% for the 
fluxion of xz, or only zx + #3, becaufe sc is inf. 
nitely lefs than the reft. . 

So likewife, if x be changed for = in this 
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ant 2 
Mn. * xy 
x e+ A + 3 


+3 
&c, which is the Increment of x", it becomes 
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*z, for the fluxion of the power x", 





&e, or only nx 


“as all the terms after the firft will be nothing, becaufe 


** and 33 &c are infinitely lefs than +, 

And thus may all the other forms of fluxiohs be de 
rived from the correfponding Increments, And in like 
manner, the finding of the integrals, is only a more 

eneral way of finding fluents, as appears in what 
Flows: . 


To find out the Integral of any given Increment; 
Bole 1. When the . quantity increafes uni- 
formly, and the propofed integral confifts of the fuc- 
ceflive values of it multiplied to ether, vr is 2 perfect 
Increment not fractional; Multiply the given Incre- 
: ment 


INC 


-ment by the next preceding value of the variable quan- 
tity, then divide by the new number of factors, and by 
the conftant Increment. 


Ex. Thus, the integral of gexzxx is cxaxx. 
a“ 2 y iz 
The integral of 3ax + x is ax x x. ; 
sche w3-20% 
Rule 2. Tn a fractional expreflion, where the va- 


riable quantity increafes uniformly, and the denomi- 
nator is perfeét, containing the fucceffive values of the 
variable quantity: Throw out the greateft value of 
the variable letter, then divide by the new number of 
factors,-and by the conftant Increment with a negative 
fign, So, ‘ 

The integral of 


ax 





Bone dk 


cr, ¢ 





The integral of 
Keowee k 
-3. 6 23 5 
Rule 3.. Various other particular rules are given, but 
‘thefe and the two foregoing are all beft included in 
the following general table i the moft ufeful forms of 
Increments and integrals, to be ufed in the fame way 
as the fimilar table of fluxions and fluents, to which 
thefe correfpond. 


— 
A Table of Increments and their Integrals. 
































Forms; —_‘ Increments Integrals 
5 x when conftant] x, or x, or ¥, or x &c. 
be 2 2 
not conftant x only. 
Jace —— 
Beccee nak | Kececeeee® * 
2 fom a |-m-a 2 
x conftant m+n 
ae cr 
3 ar a: 
Mew wen ae & Lame Tse eae 
i.m n Mt mM 2e Kore kh 
¥ conftant -m awk 














RYE + EB 
4 ie az 
: 5 BX — HE x 
% % 
1 
eee te fr | 
6 | * . 
x given att 





Integrals, when found from given Increments, are 
corrected in the very fame way as fluents when found 
from given fluxiona, viz, inftead of every {everal variable 
quantity in the integral, pps | fuch a determinate 
value of them as they are known to have in fome particu- 
lar cafe ; and then fubtracting each fide of the refulting 
equation from the correfponding fide of the integral, 
the remaining equation :the correé& form of ghe 
integrals. * 

For an sae of the ufe of the Method of In- 
crements, fuppole it were required to find the fum of 
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any number of terms of the feries 1.2 +.2.3 + 3.4 
+ 4.5 &c. S 
Let «x be the number of the terms, 
and 2 the fum of them. 
‘Then, by the progreffion of the feries, the aft or the x 
term is xx, and the next term after that will be x, 
z 2 
that is z=:xx, where x= 1, Hence the integral is 
a2 
z= yxxn = $x.x 4-1.x +2, which is the fum of. 
12 
«x terms of the given feries. So if theaumber of terms 
« be ro, this becomes $-10.11.12 = 440, which is 
the fum of 10 terms of the given feries 1.2 4- 2.33.4 
&c. Or, when x = 100, the fun of 100 terms of the 
fame feries is 3.100; 101. 102 = 100.101.34 = 


343400. 
Again, to find the fum x of 2 terms of the feries 


pe ai ea 1 &e. 
1-3-5 35-7 557-9 


Here the nth term is 





I 


2n—h.2n + 120+ 3° 
Put « = 2n—1; then is «= 22 = 2, and 











‘ r 1 id 
the ath term is ————-—~- = ; 
. Ket et 4 Ree 
tz 
and the # + 1th term or 2 is 3 the general 
NAM 
a2 
: er —T 1 
integral of which is x =: =—-. 
zxne 4xx 


*: . re oa 
- But this wants a correction; for when n = 0 or no 


terms, then x = —1, and the fum 2 =o0, and the in- 
tegral becomes s or 0 = pack ae = that is ~—_ 
als 12 “12 


Fi k 3 

is the correétion, and bree fubtraéted, the correct 

ftate of the integrals becomes 
ok 1 t 


= ee 1, which 


120 4x 12 | han 1.28 + 3 
2 


1 
is the fum of n terms of the propofed feries. And 
when z is infinite, the latter fra€tion is nothing, and the 
fum of the infinite feries, or the infinite number of the 





_ I 
terms, is accurately —- 
12 
When 2 = 100, the fum of 100 terms of the feries 


1 1 I I 
becomes % == —— ee ee, 
12 4.201.203 42 163212 
For more ample information and application on 
this fcience, fee Emerfon’s Increments, Taylor's Me- 
thodus Incrementorum, and Stirling’s Summatio & 
Interpolatio Serierum. 
INCURVATION of the rays of Light. See Licut, 
and Rerraction. 2 
INDEFINITE, Judeterminate, that which has no 
certain bounds, or to which the human mind cannot’ 
affix any. Des Cartes ufes the word, in his Philofophy, 
inftead of infinite, both in numbere and quantities, to 
fignify an inconceivable number, or number fo great, 
that an unit cannot be added ,to it; anda quautity 
fo, great, as not to be capable of any addition. Thus, 
he , the flare, vifible and invifible, are in number 
Indefinite, and not, asthe Ancients held, infinite ; Hn 
: that 


IND 
that quantity may he divided into an Indefinite number 
of parts, not an infinite number. 

Indefinite is now commonly ufed for indeterminate, 
number or quantity, that is, a number or quantity in 
general, in contradiftin@tion from fome particular known 
and given one, : : 

INDETERMINED, or Inpererminarr, in Geo- 
metry, is underftood of a quantity, which has no cer- 
tain or definite bounds. © : 

Inperermmare Problem, is that which admits of 
innumerable different folutions, and fometimes perhaps 
only of a great many different anfwers; otherwife 
called an unlimited problem. - 

In problems of this kind the number of unknown 
quantities concerned, is greater than the number of 
the conditions or equations by which they are to be 
found; from which it happens that ‘generally fome 
other conditions or quantities ‘are affumed, to fupply 
the defee&, which being taken at pleafure, give the 
fame number of anfwers as varieties in thofeaffamptions. 

As, if it were required to find two f{quare numbers 
whofe difference hall be a given quantity ¢. Here, if 
x? and y* denote the two f{quares, then will x? —y=d, 
by the quettion, which is only one equation, for finding 
two quantities. Now by affuming a third quantity 
® fo that x = x -+y the fum of the two roots; then 
ated d 

2g I= 
roots” having the difference of their fquares equal to 
the given quantity d, and are expreffed by. means of 
an affumed quantity z; fo that there will be as many 
anfwers tq the quettion,. as there can be taken values 
of the Indeterminate quatitity 2, that is, innumerable. 

[Divphantus wae the. fint writer on Indeterminate 
problems, viz, in his Arithmetic or. Algebra, which 
was firft publifhed in 1575 by Xilander, and afterwards 
in 1621 by Bachet, with a large commentary, and many 
additions to it. His book is wholly upon this fubje@; 
whence it has happened, that fuch kind of quettions 
have been called by the name of Diophantine problems. 
Fermat, Des Cartes, Frenicle, in France, and Wallis 
and others in England, particularly cultivated this 
branch of Algebra, on which they held a correfpond- 
ence, propofing difficult queftions to each other; an 
initance of which are thofe two curious ones, propofed 
by M. Fermat, as a challenge to all the mathemati- 
cians of Europe, viz sft, To find a cube number which 
added to all its aliquot parts fhall make a fquare num- 
ber ; and 2d, To find a fquare number which added to, 
all itp aliquot parts ~ hall make a cubic number ; 
which problems were anfwered after feveral ways by 
Dr. Wallis, as well as fome others of a different na- 
ture. See the Letters that  paffed between Dr. 
Wallis, the lord Brounker, Sir Kenelm Digby, &c, 
in the Doétor’s Works ; and the Works: of Fermat, 
which were collected and publifhed by his fon. Mott 
authors on Algebra have alfo treated more or lefs on 
this part of it, but more efpecially Kerfey, Preftet, 
QOzanam, Kirkby, &c. But. afterwards, mathemati- 
cians feemed to have forgot fuch queftions, if they did 
not even defpife them as ufclefs, when Euler drew 
their attention by fome excellent compofitions, demon- 
trating er general theorems, which had only been 

Vo.r.d. * : 


xt—d - 
» which are the two 
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Known by indudtion.” M. la Grange has alfo takeit 
up the fubje&, having refolved very difficult problams 
in a general way, and difcovered more direét methods 
than heretofore.” The 2d volume of the French trant- 
Tation of Eoler’s Algebra containg ‘an elementary 
treatife on this branch, and, with la Grange’s dddi- 
tions, an exéellent theory of it; treating very gene- 
rally of Indeterminate problems, of the Arft and fe. 
cond degree, of folutions in whole numbers, of the me- 
thod of Indeterminate coefficients, &e._ 

Finally, Mr. John Leflie has given, in the 2d volume 
of the Edinburgh Philof. Tranfa@tions, an ingenious 
Paper on the refolution of Indeterminate problems, 
refolving them by a new and general principle, “The - 
doGrine of Indeterminate equations,” fays Mr. Leflie, 
“has been feldom treated in a form equally fyftematic 
with the other parts of Algebra. The folutions com- 
monly given are devoid of uniformity, and often 
require a variety of affumptions: The obje& of this 
paper is to refolvé the complicated expreffions which 
we obtain in the folution of Indeterminate problems, 
into fimple equations, and to do fo, without framing a. 
number of affumptions, by help of a fingle principle, 
which though extremely fimple, admits of a very ex- 
tenfive application,” ee 

“ Let A x B be any compound quantity equal to 
another, C x D, and let'm be any rational number 
affumed at pleafure; it is manifeft that, taking equi- 
multiples, AX mB = C xmD. If, therefore, we 
fuppofe that A = mD, it muit follow that mB = Cc, 


B=, Thus two equations of a lower dimen- 


fion are obtained. If thefe be capable of farther de. 
compofition, we ‘may affume the multiples # and , 
and form four equations -ftill. more fimple. By de 
repeated application of this principle, an higher equa- 
tion admitting of divifors, will be refolved into thofe 
of the firft order, the number of which will be one 
greater than that of the multiples affumed.” 

‘For example, refuming the problem at firtt given, 
viz, to find two rational numbers, the difference of the 
fquares of which fhall be a given number. Let the 
given number be the product of a and}; then by hy~ 
pothefis, x* —y? = ab; but thefe compound quantities 
admit of an eafy.refolution, for x +y Xxm—yo 


ax. If therefore we fuppofe x + y = ma, we 





fhall obtain x —y = —; where m is arbitrary, 
m 


and if rational, x and y mutt alfo be rational. Hence 

the refolution of thefe two equations gives the values 

of » and y, the numbers fought, in terms of m 3 viz, 
ma tb : uta —b y 


z= 








» and y= a 


INDEX, in Arithmetic, is the fame with what is 
otherwife called~ the charadteriftic or the exponent 
of a logarithm; being that which fhews of how many 
places the abfolute or natural number belonging to 
the logarithm confifts, and of what nature it is, whether 
atinteger or a fraCtion4sthe Index being lefs by 1 
than the number of integer figures in the natural ninn- 
ber, and is pofitive for integer or whole numbers, but 
negative in fractions, or in the denominator of a frac- 

4M - tion: 
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ton, and in. decimals, the negative index is 1 more, 
than the number of ciphers in the degimal,. after the 


point, and before the firt Gpnificant figure; or, ftill. 
i ; fhews how far ‘he’ firlk 


more generally, the Index 
ies of the natural number is diftant from the place 


of units, either. towards the left hand, as in whole num- 
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bers, or towards the right, as in decimals ; thefe oppo- 


fite cafes being marked by the correfpondent figns + 


and —, of oppofite affedtions, the fign —-bcing fet | 


over the Index, and not before’ it, becaufe it is this 
Tntlex only which is underftood as negative, and not 


the decimal part of the logarithm. .'Thus, in this lo- 7 


garithm 2-4234097, the figures of whofe natural num~ 
her are 2651, the 2 is the Index, and being pofitive, 
it fhews that the firft figure of the number muft be 
two places removed from the units place, or that there 
will be three places of integers, the number of thefe 
places being always 1 more than the Index ; fo that 
the natural number will be 265-1. But if the fame 
Index be negative, thus 2°4234097, it fhews that the 
natural number is a decimal,'and that the firit figni- 
ficant figate of it is in. the 2d place from units, or that 
there is one cipher at the : 
begitning of the decimal, 
bentig 1 lefs than the ne- 
gative Index; and confe- | 
quently that the natural 
-number of the logarithm 
2 this cafe is ta 

ence, by varying the 
natural ceaber with res 
fpect to the decimal places 
in it as, in the former of 
the two columns here an~ 
nexed, the Index of their 
fogarithm will vary as in the 2d column. 

ys. Townly introduced a peculiar way of notin 

thefe Indices, when they become negative, or exprefa 
decimal figures, which is now much in ufe, efpecially 
in the log. fines and tangents, &c, viz, by taking, 
inflead of the true Index, its arithmetical comple- 
ment to 10; fo that, in this way, the logarithm 
2°4234097 is written 8°4234097. 

For the addition and fubtraGtion of Indices, fee 
Locaritam, 

Inpex of a Globe, is a little ftyle fitted on to 





Number. 


2651 
265°% 
26°51 


374234097 
2°4234097 
14234097 
04234097 
14234097 
2°4234097 
3°4234097 


2°65 
2651 

02651 

1002651 





the north-pole, and turning round with it, pointing” 


eut the divifions of the hour-circle, 

Teoex of a Quantity, in Arithmetic and Algebra, 
otherwile called the exponent, is the number that 
fhews to what power it is underftood to be raifed: as 
in 103, ora’, the figure 3 is the Index or exponent of 
the power, fignifying that the root or quantity, to.or 
a, is raifed to the 3d power. See this fully treated 
under Exponent.” aie : 

INDICTION, or Roman Inpicrion, a kind of 
epoch, or manner of counting ‘time, among the Ro- 
mians ; containing a cycle or revolution of 15 years. 


‘The popes have dated their a€ts by the year of the . 
“cone, having all the fame bafe: and altitude, and cur 


Yndidtion, which was fixed to the’ 1ft of January anno 
Domini 313, ever fince Charlemagne made them fove- 
reign; before that time, they dated them by the ycars 
ef the Emperors, 


»-Logarithm. | - 
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At the time of reforming, the cafendar;.the year, 
Pe a 


1582 was reckoned the roth. year of the Indiétion ;, 
fa that. beginning to reckon from hence, and dividin 
the number of years clapfed between that time a 
this, by 15, the remainder, with the addition of 10, | 
rejeCting 15 if the fum be more, will be the year of 
the IndiGtion. 

But the Indi@ion will be eafier found thus: Add g. 
to the given ycar of Chrift; divide the fum by ,155 
and the remainder after the divifion, will be the! year 
of the Indiction: if there be no remainder, the In- 
diGtion is'15. In either of thefe ways, the IndiGion , 
for the year 1795 is 13. 

INDIVISIBLES, are thofe indefinitely {mall ele- 
ments, or principles, into which any body or figure, 
may ultimately be divided, . 

A line is faid to confift of points, a furface of paral- 
lel lines, and a folid of pared furfaces : and becaufe 
each of thefe elements is fuppofed Indivifible, if in any , 
figure a ling be, drawn perpendicularly through all the 
elements, the number of points in that line, will be 
the fame as the number of the elements. 

Whence it appears, that a parallelogram, or a prifm, 
or a cylinder, 1s‘refolvable into elements, as Indivili- 
bles, all equal. to each other, parallel, and like or 
fimilar to the bafe ; for which reafon, one of theft, ele- 
ments multiplied by the number of them, that is the 


_ bafe of the figure multiplied by its height, gives the 


area or content. And a triangle is refolvable into 


. lines parallel to the bafe, but decreafing in arithmetical 


progreffion ; fo alfo do the circles, whick conititute 
the parabolic conoid, as well as thofe which conftitute 
the plane of a.circle, or the furface of a cone. In all 
which cafes, as the laft or leaft-term of the arithmetic 


| progreffion’ is o, and the length of the,figure the famé 


? 


thing’ as the number of the terms, therefore the greateft 
term, or bafe, being multiplied by the length of the | 
figure, half the produét is the fum of the whole, or 
the content, of the:figures. 2 

And in any’ other figure or folid, if the law of the 
decreafe of the elements be known, and thence the re-. 
lation of the fum to the greateft term, which is the 
bafe, the whole number of them being the altitude of 
the figure, then the faid fum of the elcments is alway 
the content of the figure. ~ 

A cylinder may alfo be refolved inte cylindrical 
curve furfaces, having all the fame height, and conti- 
nually decreafing inwards, as the circles of the bale do, 


- on which they infift. 


This way of confidering magnitudes, is called the 
Method of Indivifibles, which is only the ancient method. 
of exhaultions, a little difguifed and contracted. And 
it is found of good ufe, both in computing the con- 
tents of figures in a very fhort and ealy way, as above 
inftanced, and in fhortening other demonftrations in 
mathematics ; an inftance of which may here be given” 
in that celebrated propotition of Archimedes, that a. 
fphere is two-thirds .of ite circumfcribed cylinder. 
‘Thus, 7 . 2 . 

Suppofe a cylinder, a hemifphere, and an inverted. 


by an infinite number of planes all parallel to:the bafe,, 

of which EFGH is one; it is evident that the fquare. 

of El, the radius of the cylinder, is every wher equal: 
ot. 
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-®ren an infinitely fmall error, and agree precifely with 
thofe that are deduced by the method of floxions. 

But however fafe and convenient this method may 
be, fome will always feruple to admit’ infinitely little 

uantities, and. infinite orders. of Infinitefimals, into.a 
frience that boafts of the moft evident and. accurate 

- principles, as well as of the moft rigid demonftrations. 

, to order to avoid fuch fuppofitions, Newton confiders 
the fimultancous increments of the flowing quantities 
as finite, and then inveftigates the ratio which is the 
limit of the various proportions which thofe increments ~ 
bear to each other, while he fuppofes tliem to decreafe 
together till they vanith; which ratio is the fame with 
the ratio of the, filuxions. See Maclaurin’s Treatife of 
Fluxions, in the Introduc. p. 39 &c, alfo art. 495 to 

02° : 

INFLAMMABILITY, that property of bodies 
“by which they kindle, or catch fire. 

INFLECTION, in Optics, called alfo Diffraction, 
and DefleGtion of the rays of light, isa property of - 
them, by reafon of which, when they come. within a 
certain diftance of any body, they will either be bent 
from it, or towards jt; being a kind of imperfet re- 
fieCtion or refraction. 

Some writers afcribe the firlt difcovery of this pro- 
perty to Grimaldi, who firft publifhed an account of 
it, in “his ‘Treatife De Lumine, Coloribus, & Iride, 

rinted in 1666. But Dr. Hook alfo claims the 
Bieorert of it, and communicated his obfervations on 
this fubje€& to the Royal Society, in 1672, . He thews 
that this property differs both from refieétion and re- 
fraQion ; and that it feems to depend on the-unequal 
denfity of the conftituent parts of the ray, by which 
the light is difperfed from the place of condenfation, 
and rarefied or. gradually diverged into a quadrant ; 
and this deflection, he fays, is made towards the faper- 
ficies of thé opaque body perpendicularly. 

Newton difcovered, by experiments, this Inflec: 
tion of the rays of light; which may ‘be feen in his 
Optics. . sie 

M. De la Hire obferved, that when we look at a 
candle, or ‘any luminous body, with our’ eyes nearly 
fhut, rays of light are extended from it, in feveral direc- 
tions, to a-confiderable diftance, like the-tails of co- 
mets. The true:caufe of’ this phenomenon, which has 
exercifed .the fagacity of Des Cartes, Rohault, and 
others, fees to be, that the light pafling among’ the 
evelathes, in this fituation of the eye, ig inflected by 
its near approach to them, and therefore enters the eye 
in a great variety of direétions: He alfo obferves, that 
he found that the beams of the ftars being obferved, 
in a deep valley, to pafs near the brow. of a bill, are 
always more refracted than if there were no fuch hill, 
or the obfervation was made on the top of it; as if 
the rays of light were bent down into a curve, by 
pafling near the furface of the mountain. ‘ 

Point of Inviection, or of contrary flexure,'in a 
¢urve, is the point or place in. the curve where it be- 
gins to bend or turn a contrary way; or which fepa- 
rates the coneave part-from the convex’ part, arid lying 
between the two; or where the curve changes from 
«oncave to. convex, or from convex to eoneave, -on’ the 

fome fide. of the curve: fuch as the point E in the 
annexed figures ; where the former of the two is cone 
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-Infle@ion ia the curve whofe equation is. 


INF 
cave towards the axis AD from A to E, and convex- 


from Eto F; but, on the contrary, the latter figure 
is convex from A to E, and concave from E to F, 


F 





A 


There are various ways of finding the point of In-~ 
flexion; but the following, which is new, feems to be 
the fimpleft and eafieft of all. From the nature of 
curvature it is evident: that, while a curve is concave 
towards ani axis, the fluxion of the ordinate decreafes, 
or is in a decreafing ratio, with regard.to the fluxion 


_of the abfcifs; -but, on the contrary, that-the faid 


fluxion increafes, or is in an increafing ratio to the 
fluxion of the abfcifs, where the curve is convex to- 
wards the axis; and hence it follows that thole two 
fluxions are in a-conftant ratio at the point of Infiec- 


~tion, where the curve is neither concave nor convex. 


That is, if x = AD the abfcifs, and y= DE the or- 
2 


* 
is a conftant quantity. But conftant quantities have 


no fluxion, or their fluxion is equal to nothing; fo that 


dinate, then % is to_y in a conflant ratio, or > or 


in this cafe the fluxion of = or of is equal to no- 


7 Cee ie 
thing. And hence we have this general rule: viz, + 
Put the gives equation of the curve into fluxions; 


from which equation of the fuxions find cither 5 
a then take. the flaxion-of this tatie-or fraétion, and 
put it equal to o or nothing ; and from this laft equa- 
: J 


tion find alfo the value of the fame — or 2: then 


‘ yo * 
put this-latter value equal to the former, which will 
be an equation from whence, and the firft given equation 
of the curve, ¥ and y will he determined, being the ab- 
{cifs or ordinate anfwering to the point of InfleGion 
in the curve. ; y 


Or, putting the. fluxion of — equal. to o, that ts, 
: i * 


ay Pra =" aes w 
= 0, OF xy—~— Ay = Oy or xy = Ky, OF 








air git: ¥ +s 3, that is, the 2d fluxions have the fame 
ratio as the 1{t fluxions, which is a conftant ratio; and’ 
therefore. if + be conftant, or #= 0, then fhall § be 
= 0 alfo'; which gives another nile, viz; "Take both 
the ift and 2d fluxions of the given equation of the 


‘curve, in which make both # and y= 0, and the re- 


fulting equations will determine the values of x and y, 
or abfcifs and- ordinate anfwering to the point of In- 
fieGion. : = - is 
For example, if it be required to find the point: oF 


ext 


INS 


#2%-= aty, + xty. Now thg flaxion of this is 2er, = 
: 5 at pat 
2ax— 229° 
Then the fluxion of this again made = 0, gives 
and. ax — xy = at'+ x. at — ys — xy; and this gives 
‘ marae i 
= a = Laftly, this value of = 
@—x any : 3 
_ put = the former, gives _ 
ae og, at txt 
@mxt aay” 2x “at 
2x% = a*— x, or 3x7 = at, and «=a s/f, the ab- 
{cifs. 
Hence alfo, from the original equation, 
ax* z 
I" Bye 4q3 
of Inflection fought. ~ Se 

When the curve has but one point of .[nfleGion, it 
will be determined by a fimple equation, as above; but 
when there are feveral points of Infle€tion, by the 
curve bending feveral times from the one fide to the 
other, the refulting equation “will be of a degree cor- 
refponding to them, and its roots will determine the 
ab{cifles or ardinates to the fame. ; : 

Other methods of determining the poitits of Inflection 
in curves, may be feen in moft books on the dodtrine 
of fluxions. ; ; 

To know whether a curvé be concave or convex to- 
wards any point affigned in the axis ; find the value of 
j, at that point; then if this value be pofitive, the 
‘curve will be convex towards the axis, but if it be ne- 
gative, it: will be concave. - : 

INFORMED Stare, or Invormes Stella, are fuch. 
flars as have-not ‘been’ reduced’ into" aay confteBation 5 
otherwife called Sporadet.—There was a great number 
of this kind left by the ancient aftronomers ; but He- 
yelius and fome others of the moderns have provided for 
the greater part of them, by making: new coniteHlations. 

INGINEER.. See Excinerr. 

INGRESS, in-Aftronomy, the fun’s entrance into 
one of the-figns, efpecially Aries. 

INNOCENTS Day, a feat celebrated on the 28th 
day of December, in commemoration of the infants 
murdered by Herod. . : 

INORDINATE Proportion, is where the order of 
the terms compared, is difturbed or irregular. As, 
for example, in two ranks of numbers, three in each 
rankpwiz, in one rank, 2, 3s O» 
and tn the other rank, 8, 24, 36, 
which are proportional, the former to tht latter; but 
in a different order, viz, 2232324: 36) 

and 3:92: 8: 24, 
then, cafting’ out the mean terms in each rank, it Is 
eoncladed that ~ oe 2:2 gr: Bs 36, 
that is, the firft is to the 3d in the firft rank,. 

as the firft is to the 3d in the 2d rank. | 

INSCRIBED Figure, is one that has all its angular 
points touching the fides of another figure in. which 
the former is faid to be infcribed. ‘ z 

InscrisEp Hyperbola, is one. that lies-wholly within 
the angle of its a 
hyperbola doth.. 


aty + 2xe% + xy, which gives a= 
: J 








. x” 
again — = 





x 





Tt. 





3 and hence 


Za, the ordinate to the point 


ymptotes; as the common or conical’ 


£ 637 J} 


INT 


INSTANT, otherwife called a Moment, an ‘infi- 
nitely {mall part of duration, or in which we perceive 
no fucceffion, or which takes up the time of only one 
idea in our mind. : * 

It is a siaxim in mechanics, that no natural effect 
can be-produced in an Inftant, or ~without [ome def. 
nite time; alfo that the greater the time, the greater 
the effet: And hence may appear the reafon, why a. 
burthen feems lighter to a perfon, the fafter he carries 
it; and why, the fafter a perfon flides or fates on the 
ice, the lefs liable it is to break, or bend. 

INSULATE, or Insucaren, aterm applied to a 
column or other edifice, which-ftands alone, or free and 
detached from any adjacent wall, &c, like an ifland 


~ in the fea, 


Insuvaren, in EleGiricity, is.a term applied to- 
bodies that are fupported by elettrics, or non-conduc- 
tors; fo that their communication with the earth, by 
conducting fubRances, is interrupted, ‘ 

INTACT, are right Haes to which: curves do. 


* continually approach, and yet can never meet them. 


that can be fuffered in any flate. 


more ufually called Afymptotes, 

INTEGERS, denote whole numbers: as contra+ 
diftinguithed from frations.—Integers may be con+ 
fidered as nunibers which refer to unity, as a whole to 


a part. 
PNTEGRAL Number, an integer; not a fraction. 

Inrecrat Calculus, in the New Analyfis, is the 
reverfe of the. differential calculus, and is the finding 
the Integral from. a given differential ;, being fimilar 
to the inverfe method of fluxions, or the finding the 
ffuent to a given fluxion, Sona aie © 

ee ANT’ Parts, : rie 
of a body, or. parts of the fame nature with the 
veer as age of iron. are the Tateitigntyerts, of © 
iron, having the fame: nature and: properties with the . 
bar or mafs they were filed off front. 

INTENSITY, or Inrension, in: Phyfics, is the 
degree or rate of the. power or energy of any quality ;. 
as heat, cold, &c. he Intenfity of qualities, as 
gravity, light, heat, &c, vary in the reciprocal ratio of 
the fquares of the diftances from the centre. of: the ra- 
diating quality. : 

INTERCALARY Day; denotes the odd day in- 
ferted inthe leap-year.. See Bissexvtiie. 

INTERCEPTED 42%, in Conic Sefions, the 
fame with what is otherwife called the: abfcifs or ab= 
{ciffa. . 

INTERCOLUMNATION, or InrexcoLuMntas- 
rion, isthe fpace between column and column. 

INTEREST, is a fum-reckored forthe loar or for- 
bearanoe of another fum, or principal, lent for, or dé 
at, a certain time, according to fome certain rate or 
proportions: being: eftimated’ ufually at fo. nich pet 
cent. or by the roo.. This- forms a particular rule 
in Arithmetic... The higheft legal Intereft. now al- 
lowed in England, is after the rate of 5 per cent. per 
annum, or the 20th part.of the principal for.the {pace of 
a_year, and ,fo in proportion for other times, either 
greater-or lefs: Except in thie cafe of pawn-brokers, to 
whom it has lately been made legal to take. a higher in- 
tereft, for one of the worlt and. moft deftrudtive purpofes 


fophy, are tite fimilar - 


Tntereft: 
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~ Thterett's either Simple or Compound. 
Simple Interest, is that which is counted and al- 
“lowed upon the principal only, for the whole time of 
forbearance. K 
‘The fum of-the Principal and Intereit is called ‘the 
Amount: ae 
As the Intereft of any fum, for an¢ time, is direGly 
proportional to the principal fum and time; therefore the 
‘Lntereft of 1 pound for one year being multiplied by any 
propofed principal fum, and by the time of its forbear. 
ance, in years and parts, will be its Intereft for that 
time. That is, if ; 
r = the rate of Intereft of 17. per annum, 
p = any principal fum lent, 
¢ == the time it is lent for, and . 
@ =: the amount, or fum of principal and Intereft ; 


then is pre = the Intereft of the fum p, for the time 
#, at the rate r; and confequently ptpt= 


p xX t+ rt = a, the amount of the fame for that 
time. -And from this general theorem, other theorems 


can eafily be deduced for finding any of the quantities 
above mentioned 5 which collected all together, will be 
3 follow: 








af, a= p + prt the amouat, 
ad, p= i the principal, 
3d, r= g -_ the rate, 
4th, 2 = S = the time, 


For example, let it be required to find in what time 
any principal fum will double itfelf, at any rate of Sim- 
ple Intereft. In this cafe we mutt ufe the rft theorem 
@ =p + prt, in which the amount a muft be = 2p or 
double the principal, ic. p -+ prt = 2p 3 and hence 


1 + : 
2c —~ 5 where r being the intereft-of 1/7, for one 
r 


year, ‘it follows that the time of geen | at Simple 
{nterefl, is equal to the quotient of any fum divided 
by its Intereft forone year. So that, if the rate of In- 





tereft be 5 per cent. then 


“of doubling. 
Or the 4th theorem immediately gives 


ett BEd 


= 3 I 
= - 


pr pr ee 

For more readily computing the Intereft on mo- 
ney, various Tables of numbers are calculated and 
formed; fuch as a Table of Interef of t/ for any 
mumber of years, and for any number of months, or 
weeks, or days, &c, and at various rates of In- 
tereft. 

Another Table is the following, by which may be 
readily found the Intereft of any fum of money, from 1 
toa million of pounds, for any number of days, at any 
rate of Intereft. 
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1 . : 
= 20 is the time 


VPN T 
: : 




















Numb. | ho deg. No, had 4 
1000000)2736 14 6 o-99 |} rooj}o § fg zor 
geosoo|2465 15 0 3:29 9010 4 Il OFT 
‘Sococe 2191 15° 7 E59 80/0 4 4 241 
JOCOCA)TAIZ 16 ¥ 3°89 JOLO 3 10 OIL 
600000 }1643 16 8 2°19 Golo 3 3 ki 
50000011369 17 3 0°49 5ojO 2 8 351 
40000011095 17 9 2°79 40j0.2 2 121 
300000} 821 18 4 I'I10 30j)0 § 7 290 
200000} 547 18 10 3°40 20;9 I 1 o'60 
100000} 273 19 § 1°70 10/0 0 6 2:30 
90000; 246,11 6 0°33 91290 5 3°67 
80000] 219 3 6 2:96 8JO0 § Tog 
yoooo|] 191 15 7 1°59 7/00 4 241 
Ge000} 164 7 8 0°22 6)9 0 3 3:8 
50000} 136 19 B 2°85 5190 3 iy 
4oooo} Tog rr gt4sti . 4Joo 2 ass 
30000} 82 3 10 OTL 3190 t 3°Rg 
-20000} §4 15 10 274 2/90 1 1:26 
1OOCO, 27 7 Il 1°37 1190 0 263 
g00o} 24 13 fF 3°23 {1099 foo 0 2:37 
B8ooo} 2118 4 110}}0'8 loo 0 aio 
FOCO; 19 3 6 296 }/0'7 [Oo oO 184 
Gooo} 16 8 9g of82 |}06 foo o 1958 
5000) 13 13 It 268 ffors 100 0 132 
gooo} 10 19 2 O55 |) 0" [OO © TOS 
3000 8 4 4 2°41 1/073 loo 0 og 
2000 5 9 7027102 Joo © O53 
1000 214 9 214 {101 oo 0 026 
goo 2 9 3 3°72} C'O9]00 Oo ozg 
800 2 310 O11 |} OO’IQ O oO Mar 
JOO 118 4 ro lfo'o7]o 0 o og 
600 I I2 10 2°08 jj c'06/0 0 0 O16 
500 17 4 3°07 |} 005}0 0 0 oF1g 
400 I TIL O05 |} oO4{0 0 © OFT 
300 0916 § 04 |] C'0310 0 0 O08 
200 © 10 II 2°03 |} o'0210°0 © oros 
100 © § 5S 3x01 OOL'O oO 0 003 





The Rule for ufing the Table is this s 


Multiply the principal by the rate, both in pounds ; 
multiply the produ€&t by the number of days, and dis 
vide this laft product by 100 ; then take from the Table 
the feveral fums which ftand oppofite the feveral parts of 
the quotient, and adding them together will give the 
intereft required. 3 

Lx. What is the intereft of 225/. 10s. for 23 days, 
at 4% per cent. per annum? 








prine, 225°5 had 9. 

rate 45-8 agaivh 200 is o 10 11 2°03 

g 30— 0 1 7 2°90 

1014°74 2 37-9 0 1 3kyo 

75 days 23 = O3—0 0 0 o79 

OE or09 — 0° 0 0 O24 

100)23339'25 § ~ 

——5 Anfio 12 9 1°85 true 
°233°3025 in the laft place of decimals, 


Another ingenious and general method of com. 
puting 


INT 


ting Intereft, is by the following {mall but compre. 
enfive Table, = 







A General Tntereft Table, 


By which the Interet of any Sum, at any Rate, and 
for any Tirfie, may be readily found. 











D |3 per Cent. 3£perCentity per Cens. sgperCent.ts per Cent, 
ElLedqgh adqii. s Gigi dats dog 
i 13 22 a2 3¢ 31 
2 3 3f. 42 Si 60 62 
3 53 63 73 83 93 
4 73 9° (02 iI 3 Ito 
5! 93 Tl 2 rors I23 148 
6 m3) 1 igh or gah or g 3 or 72 
7 I13 loge i 61 1 83 riro 
& I33 164 tgc, Lit3o2 2 
9 I 5 3, 1 82 Tara 2 22) 2 52 
lk bee os IIro 2241 2 52) 2 83 
Re 3 3 B90) 64 gal gata] (gs 53 
39 6g TL Ol 6§ gc 6 63 BY bpd 8 22 
4 6 63 7 80 8 gai 9193) ror? 
50) 8 22h g 7el rorral 12 33) 313 82 
60] grotl ir Gof 733 13} 14 92/16 sr 
of TL 6 OF 13 5 15 gol 17 31 9 20 
Sof 13 1 3l rs acl 17 64 Jo 83)r 1tre 
9 T4 9 2 17 3c} ro Bale. 2 2 dr 4'73 
Too) 16 sal yg ache taro 4 8 olr 7 43 
zoo;r 12 10 ait 18 4 lz 3 10 ol2 9 33\2 14 g2 
$90.2 9 3 glory Baly 5 9 01313 tr 3lg 2 ar 











N. B. This Table contains the intereft of rool. for 
all the feveral days in the 1it column, and at the feveral 
ne Of 35 345 45 44, and 5 percent. in the other 5 co- 

umns. 

To find the Interef of r00l. Sor any other time, as 1 
year and 278 days, at’4k per cent. "Take the famis for 
the feveral days as here below. 


The Int. for 1 year 410 00 
Againit 200 ds, is 2 9 33 
——— ods = 017 31 
maa «=—6h8 dds - oO hr dro) 

—.. 
Intereft required - 7.18 60 


For duy other Sum than tool. Firlt find for Tool as 
above, and take it fo many times or parts as the fum ia 
of reol, 
278 days. 

Firt, 3 times the above fum, 
(for 3ool.) is - 2315 82 
2 (for sol.) is - 319 34 
‘Yo of this (for 51) 0 7110 

—_.. 
Sofor 355 itis -. 28 2 10 2- 

When the intereft is required for any other rate than 
thofein the Table, it may be eafily made out from them. 
So 4 of § is.2t, 4 of 4 is 2, 4 Of 3 is 13, 3 of 3 isz,. 
1-6th of 3 is 4,.and 1-12th of 3 is 1. And fo, by parts, 


cut. 

Compound Interest, called alfo Antercht-upon: Interop, . 
is that which is counted nots only upon the principal : 
fum lent, but alfo for its Intereit, as it hecomes due, at: 
the end of each ftated time of payment. 

Although it be not lawful to lend money at Com-- 
pound: Intereft, “yet in purchafing annuities, -peaiions,.. 

“5 2 
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Thus, to find for 3551 at 48, for 1 year and - 


or by adding or fubtradting, any rate may be made. _ 


INT 
&c, and taking leafes in reverfion, it is ufual to allow’ 
Compound Intereft-to the purchafer for his ready nro- 
ney 5 and therefore it is very néceflary to underitand this 
fubjec. 
Betides the quantities concerned in Simple Intereft,” 

viz, the principal p, the rate or [utereit of al, for 1 year 
r, the amount a, and the time +, there is another 
quantity employed in Compound Intereft, viz, the ra-- 
tio of the rate of Intereft, which is the amount of iL, 
for 1 time of payment, and which here let be denoted 
by R, viz, R= } r- Then, the particular amounts 
for the feveral times may be thus computed, viz, As 1° 
pound is to its amount for any time, fo is any propofed 
principal fum to its amount for the fame time; i.e. 

wk: R::p : pR the ih year’s amount, 

t.:R::pR + pR? the 2d year’s amount, | 

ih: Ri: pR*: pR* the 3d year’s amount, 

and foon, 

Therefore in gesieral, pRt = @ is the amount for the: 
f year, or t time of payment. From whence the fole- 
lowing general theorems are deduced ; 


it, a= pR* the amount, 
24 po sn the principal, 


3d, R= VA the ratio, 
log. of a—log. of j 


Bor? the times 


log. of R 
quantities may be found,. 


4th, ¢= 


From which any one of the 
when the reit are given. - 

or example, fuppofe it were required to find in how - 
miany years any principal-fum will'double itfelf, at any 
rate of] Intereft. In this cafe we mutt employ the 4th. 
theorem, where a will be = 2p, and then it 


1 @- hp _lap—hp _ log. 2 


log. Roy odog. RD log. R* 
So, if the rate of Interelt be 5 per cent. per.annum 3 
then R= ai + ‘O§ = 1°05, and hence 


ist 











tz log. 2 w= 3010300 = 14°2067 nearly ; . 
log. ras “0211893 
that is, any fum doubles in 14} years“nearly, at the 


rate of 5 per cent. per annum Compound Intereft, 

Hence, and from the like quettion in Simple Intereft, 
above given, are deduced the times in which any fum - 
doubles itfelf, at feveral rates of Intereft, both fimple 
and compound :.viz,. 


] (AtSimp. Tot. J At Comp. Tat. 
At Years. Years, 

— [| 
2 59... 35°0028 
25 | 40. 28 0707 : 
3 333 23°4498 © 
3k: 28%. 20°1 $88 - 
4 per cent. per an. 25 17'6730. 
4i -¢Intereft, 12. org 223 15°7473 
5 . | any other fum 20 14-2067 ~ 
6 will . double in 163 11°8957 
7 14F To"2448°: 
8 5 12; g'cobs - 
9. 14g Bro4g2 > 
10 & 10 


" 72725 
The 
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" The following Table will facilitate the calculation of 
‘Compound Interefe for any fum, and any number of 
years, at various rates of Intereit. eS 





The Amount of ul, in any Number of Years. 
































Yrs] 3 3E 4 | 4 s & 
1 [110300 1°03 50}t* O4o0}1" 0450] 1° O50C 1* 0600 
{ 2 110609 t°0712/t OS 1611 Ogzofi* 1025]£° 1236 
3 fbrog27j tr 1o87}t 12ggire 1g12]te 4576] (+ 1910 
4 [Le L2g5:k 14 zsitt 16Qgi1* 1925] er 2155] i 2625 
5 fle 1993 t° 18774L* 21671 r+ 2462] 1°2763}t* 3382 
6 |r tg4y) tg 2293] 2653] 1° Forsl ie ggorles 4185 
7 |0°2299'1°2723/1° 315Q11* 3609) 1° 407 T/L" 5036 
8 [1° 2668 1+ 3168]t> 3686)1° 422 t°477511° 5939 
9 1+ 3048/1+ 3629|1" 4233/1* 4861 19551211" 6895 
10 |£°3439 Ir4.loG]t* 48021" 55 30}1° 628611 7909 
LE jt° 3842 £°4600j1" 5395;1* 622g} 1° 7 (031 8983 
“12 je g258 e511! U 6orolr 6959|1*7959]2" 0122 
13 jt 4685; t+ 5640] 1° 665 {]1°7722[1° 885612" 1329 
14 1105126, 1° 6187 1°7317|1°8519|1*9799)2° 2609 
15. 175580, 1+ 6753]! Soog|t* 9353/2" 0780)2* 3966 
16 |3*Gog7! 1° 734C}L* 8730/2" o224]2° 1B2g]2° s4o4 
17 1° 65281197947 (°9479|2° 113412" 2920]2° 6928 
18 jis '7024)1° 8575}2°0258}2* 2085|2* 406612" 8543 
19 |1°7535| 1° 9225 [2° 1068}2° 3079}2° §270)2' 256 
20 |1*So61lt+ g8otij2z* 1g tt)2* 4017/2" 653212 2071 











The ufe of this Table, which contains all the powers 
Ry, to the zoth power, or the amounts of 1/. is chtefly to 
caleulate the Intereft, or the amount, of any principal 
fum, for any time, not more than 20 years, For ex- 
ample, required to find to how muchys23/. will amount 
in 15 years, at the rate of 5/. per cent. per annum Com- 
pound Interett. 

- In the Table, on the line 15 and column § per cent, 


is the amount of 1/. viz. - 2 0789, 
this multiplied by the principal :§235 
gives the amount 1087°2647 
or z - - - 1087/, 5s. 33d. 
and therefore the Intereft is — 564/. 5s. 33d. 


See Annuities ; Difcount;.Reverfion ; Smart’s Ta- 
bles of Intereft; the Philof. Tranf. vol. 6, p. 5085 
and moft books on Arithmetic. 

INTERIOR Figure, Angle of. See Ancus. 

Interior Polygon. See Porycon. 

Inrerior Talus. Sec 'Tarus. 

Invernan Angles, are all angles made within any 
figure, by the lidesof it. Ina triangle ABC, the two 


c r 


A Bb D XK 


angles A and C are peculiarly called Internal and oppo- 
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fite, in refpect of the external angle CBD; which is 
equal to them both together. ; 

Internat Angle is alfo applied to the two angles 
formed between two parallels, by a line interfeGing 
thofe parallels, on cach fide of* the interfeGting line. 
Such are the angles a, 4, c, d, formed between the 
parallels EF and GH, on each fide of the interfecting 
line. ‘The two adjacent Internal angles a and 4, or 
eandd, are together equal to two right angles. 

Inrernxat and Oppofite Angles, is calfo applied to 
the two angles « and 4, which are refpectively equal 
to the two a and m, called the external and oppofite 
angles. ; 

Alfo the alternate Internal angles are cqual to one 
another; viz, a= d, and =e. 

INTERPOLATION, in the modern Algebra, is 
ufed for finding an thtermediate term of a feries, its 
place in the feries being given. 

The Method of Interpolation was fir invented by 
Mr. Briggs, aud applied by him to the calculation of 
logarithms, &c, in his Arithmetica Logarithmica, and 
his Trigonometria Britannica ; where he explains, and 
fully applies the method of Interpolation by differences. 
His principles were followed by Reginal and Mou. 
ton in France, and by Cotes and others in England. 
Wallis made ufe of the method of Interpolation in va- 





‘rious parts of his works; as his Arithmeti¢ of Infi- 


nites, and his Algebra, for quadratures, &c, "The 
fame was alfo happily applied by Newton in various 
ways-: by it he inveltigated his binomial theorem, and 
quadratures of the circle, cllipfe, and hyperbola: fee 
Wallis’s Algebra, chap. 85, &c, Newton alfo, in 
lemma 5, lib, 3 Princip. gave a moft elegant folution 
of the problem for drawing a curve line through the 
extremities of any number of given ordinates; and in 
the fubfequent propofition, applied the felution of this 
problem to that of finding from certain obferved places 
of acomet, its place at any given intermediate time. 
And Dr. Waring, who adds, that a folution ftill more 
elegant, on fome accounts, has been fince difcovered 
by Meff. Nichol and Stirling, has alfo refolved the 
fame problem, and rendered it more general, without 
having recourfe to finding the fucceflive differences, 
Philof. Tranf. vol. 69, part 1, art. 7. 

Mr. Stirling indeed purfued this branch asa diftin& 
{cience, ina feparate treatife, viz, Traétatus de Sum- 
matione et Interpolatione Sericrum Iniinitarum, in the 
year 1730. 

When the rft,-2d, or other fucceffive differences of 
the terms of a feries become at lait equal, the Interpo- 
lation of any, term of fuch a feries may be found by 
Newton’s Differential Method. 

When the Algebraic equation of a fertes is given, 
the term required, whether it be a primary or interme- 
diate one, may be found by the refolution of affected 
equations; but when that equation is not given, as tt 
often happens, the value of the term fought muft be 
exhibited by a converging feries, or by the quadrature 
of curves. See Stirling, ut fupra, p. 86. Meyer, in 
AG. Petr. tom. 2, p. 180. 

A general theorem for Interpolating any term is as 
follows: Let A denote any term of an equidiftant fe- 
ries of terms, and a, 4, c, &c, the firlt of the rit, 2d, 
34, &e orders of differences; then the term z, whofe 

. diftance - 
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diflance from A is expteffed by +, will be this, viz, 
Theorem 1. . 


tm x—-tx—2 
we ee. 


2 








wsA-baadx. 2b ea. 


Hence, if any of the orders of differences become 
equal to one another; or = 0, this feries for the inter- 
polated term will break off, and terminate, otherwife 
it will run out in an infinite feries. 

Ex. To find the 2oth term of the feries of cubes 
1, 8, 27, 64, 125, &c, or 13, 23, 33, 43, 53, &c. 


Set down the feries in a 4 
ecdluma, and take their conti- ° a : 
nual differences a3 here an~ ! t 


nexed, where the 4th differ- g- 12 dad 
ences, and all after it bes 19° 6 
come = 0, alfo A == 1, 27 34 18 
ax-7,6 = 12, ¢=m 6, 64 24 
and w = 19; therefore the 6x 

zoth term fought is barely 125 


xamt Higk 7+ 19 x x 124 19.2.6 
=1 + 133 +2052 + 5814 =e Bd00. Pd, 


Theor. 2. In any feries of equidiftant terms, a; 5, cy 
d, &c, whofe firtt differences are fmall; to find any 
term wanting in that feries, having any number of 
terms given. Take the equation which ftands;againit 
the number of given terms,.in. the following Table ; 
ue by reducing the equation, that term; will be 
‘ound. : 














No.; Equations, 

1 ja—-b =o 

2 la~2b4+ ¢ =o 

3 |¢@— 364 3¢ — doo 

4 |¢4~4hb4+ 66 —~ qdt+ emd 

5 lam 56 +300 — 10d + se — fo 

6 Ja — 6b + 15¢ ~ 20d + 150 —~ Gf tg zo 
&e. &e. 

2 and + neon, 1 TA 2 deo, 


where it is evident that the coefficients in any equation, 
are the unciz of a binontial 1 4- 1 raifed to the power 
denoted by the number of the equation, 


Ex, Given the logarithms of TOI, 102, 104, and 
105 ; to find the log. of 103. 

ere are 4 quantities given; therefore we mutt 
take the 4th equation a ~ 45 + 6c —4d+e=0, 
in which it is the middle quantity or term ¢ that is to 
be found, becaufe 103 is in the middle among the num- 
bers 101, 102, 104, 105 5 then that equation gives the 


value of ¢ as follows, ng Se eS eRe, 


Vou Ie 
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Now the logs. of thé given numbers wil be thus?! > ’ 
20043214 = a . 
20086002 = b- 
2°0170333 =d 
270211893 =e 











4°0256335 = b +d 4 
4 r 
16'1025340 =4ib +d 
fubtr. 4:o255107 = a fee 
6) 12°0770233 ° 


270128372 the log. of 103. » 


Theor. 3. When the terms a, }, ¢, d, &c, are at 
unequal diftances from each other; to'find any inter- 
mediate one of tliefe terms, the reft being given. 

Let $, 9,75 5, &cs be the feveral diftances of thofe 
terms from each other; then let 








B =, _Br-B Gne 
= bt? "D= ; t~D 
cmb brat bars 
Bree et Can ae 
ga gerte 
Baa 0, Banks, 
i “rte 
Bgaiys 
&e &e . &e . * 


Then the term x, whofe diftance from the beginning 
isx, willbe Rabat: ah 
asa+ Bat Ce.x-pt+D*.x—pex—p—q 

+Ex. x—pix—pogex—p guar + kes 
to be continued to as many terms as there are terms in 
the given feries. 

By this feries may be found the place of a comet, or 
the fun, or any other objet at a giventime; by know- 
ing the places of the fame for feveral other given times. 

Other methods of Interpolation may be found in 
the Philof. Tranf. number 362 3 or Stirling’s Summa- 
tion and Interpolation of Series. : 

INTERSCENDENT, in Algebra, is applied t 
quantities, when. the exponents of their powers are ra- 


dical quantities. Thus av, v4, &c, are interfcen- 
dent quantities. See Function. 

INTERSECTION, the cutting .of one Hine, or 
plane, by another ; or the point or Hine in which two 
lines or two planes cut éach other.———T te mutual in- 
terfe€tion of two planes is a right line. The centre of 
a circle, or conic feétion, &c,. is in'the interfeciion of 
two diameters; and the central point of a quadrangle 
is the Interfeétion of two diagonals. 

INTERSTELLAR, a word ufed by fome authors, 
to exprefs thofe parts of the univerfe, that are without 
and beyond the limits of our folar ‘fyitem, 

Inthe Interitellar regions, itisfuppofed there are feveral 
other fyftems of planets moving round the fixed ftars, 
as the centres of their refpective motions. And if it 
be true, as it is not improbable, that each fixed ftar is 

4N thus 
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thus a fun'to fome habitable orbs, or earths, that move 
round it, the Interftellar world will be infinitely the 
greateft part of the univerfe. 

INTERTIES, or Inrsapuces, in ArchiteQure, 
thofe fmall pieces of timber which lie horizontally be- 
tween the fummers, or between them and the cell or 
raifing plate.” 

INTERVAL, in Mufie, the difference between two 
founds, in refpe& of acute and grave. Authors diftin- 
guith feveral divifions of an Interval, as firft.into Sim- 
ple and Compound. The 

Simple InTERvat is that without parts, or divifion ; 
fuch are the o€tave, and all that are within it; as 
the 2d, 3d, 4th, sth, 6th, and 7th, with their varieties. 

Compound InteRvar confifts of feveral leffer Inter- 
vals; as the gth, roth, 11th, 12th, &c, with their va- 
rieties. 

This Simple Interval was by the ancients called a 
Diaftem, and the Compound they called a Syftem. 

. An Interval is alfo divided into Juft or True, and 
into Falfe. The 

Fuft or True Intervars, are fuch asall thofe above 
mentioned, with their varieties, whether major or mi- 
nor. And the 

Falfe Intervars, are the diminutive or fuperfluous 
ones. 

An Interval is alfo divided into the Confonance and 
Diffonance ; which fee. 

INTESTINE Motion of the parts of fluids, that 
which is among its corpufcles or component parts. 

When the attraGting corpufcles of any fluid are 
elaftic, they muft neceflarily produce an inteftine mo- 
tion; and that, | Seven’ or lefs, according to the de- 
grees of their elafticity and attraGtive foree. For, two 
claftic particles, after meeting, will fly from each ather, 
with the fame degree of velocity with which they met; 
abftraéting from the refiftance of the medium. But 
when, in leaping back from each other, they approach 
ether particles, their velocity will be increafed. 

INTRADOS, the interior and lower fide, or curve, 
of the arch ofa bridge, &e. In contradiftinGtion from. 
the extrados, or exterior curve, or line on the upper 
fide of the arch. See my Treatife on Bridges &c. 

TOP. 5. 

INVERSE, is applied to a manner of working the 
rule of three, or proportion, which feems to go back- 
ward, i. e, reverfe or contrary to the order of the com- 
mon and dire@ mle: So that, whereas, in the dire 
rule, more requires more, or lefs requires lefs; in the 
Inverfe rule, on the contrary, mere requires lefs, or 
lefs requires more. 

For inftance, in the dire& rule it is faid, If 3 yards of 
cloth coft 20 hhillings, how much will 6 yards coft? 
the anfwer is 40 fhillings: where more yards require 
more money, and lefs yards require lefs money. But 
in the Inverfe rale it is iid, If 20 men perform piece 
of work in 4 days, in how many days will 40 men 
perform as much? where the anfwer is 2 days; and 
here the more men require the lefs time, and the fewer 
men the more time. 

Inverse Method of Fluxions, is the method of find- 
ing fluents, from the fluxions being given; and is 
fimilar to what the foreign mathematicians call the Cal- 
culus Integralis. See Fuvents. 

2 
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Inverse Method of Tangents, is the method of find- 
ing the curve belonging to a given tangent ; as oppofed 
to the dire&t method, or the finding the tangent to a 
given curve. 

As, to finda curve whofe fubtangent is a third pra- 
portional tor — y and y, or whofe iabtdngent is equal 
to the femiordinate, or whofe fubnormalis a conftant 
quantity.—-The folution of this problem depends 
chiefly on the Inverfe method of fluxions. See 'Tan-. 
GENT. « 

Inverse Proportion, or Inverse Ratio, is that ia 
‘which more requires lefs, or lefs requires more. As 
for inftance, in the cafe of light, or heat from alumi. 
nous objet, the light received is lefs at a greater dif 
tance, aud greater at a Jefs diftance ; fo that here more, 
as to diftance, gives lefs, as to light, and lefs diftance 
gives more light. This is ufually expreffed by the 
term Inverfely, or Reciprocally ; as in the cafe above, 
where the light is Inverfely, or Reciprocally as the 
fquare of the diftance; or in the Inverfe or Reciprocal 
duplicate ratio of the diftance. 

INVERSION, Jnvertendo, or by Inverfion, accord- 
ing to the 14th defmition of Euclid, lib. 5, is Inverting 
the terms of a proportion, by changing the antecedents 
into confequents, and the confequents into anteccdents. 
As.in thefey a: 6 i: ¢ : d, then by Inverfion 
bi:azi dia 

INVESTIGATION, the fearching or finding any 
thing out, by means of certain fteps, traces, or ways. 

INVOLUTE Figure or Curve, is that which is 
traced out by the outer extremity‘of a ftring as it is 
folded or wrapped upon another figure, or as it is un~ 
wound from off it. The Involute of a cycloid, is 
alfo.a cycloid equal:to the former, which was firit dif 
covered by Huygens, and by means of which he con- 
trived to make a pendulum vibrate in the curve of a cy~ 
cloid, and fo theoretically at leaft vibrate always in 
equal times whether the arch of vibration were or 
{mall, which is a property of that curve. ‘or the 
do@rine and nature of Fnvolutes and Evolutes, fee 
Evovvurte. . 

INVOLUTION, in Arithmetic and Algebra, is the 
raifing of powers from a given root ; as oppofed' to 
Evolution, which. is the extra@ting, or developing of 
roots from given powers. *So the Involution of the 
number 3, or its powers, are thus raifed : 


RB or 3% or 3 is the 1ft power, or root, 

3X3 or 3% or 9 is the 2d power, or fquare, 

3 X 3X 30r 33 or 27 is the 3d power, or cube, 
and fo on. 

And ‘hence, to find any power of a given root, or 
quantity, let the root be multiplied by itfelf a number 
of times which is one lefs than the number of the index; 
i, e. once multiplied for the 2d raot, twice for the 3d 
root, thrice for the 4th root, &c. 


Thus, to Involve -12 ta the 3d power. 
“12 











*o144 fquare, or 2d power, 
“12 
001728 cube, or 3d power. 
e 


Se 
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_ So alfoyin Algebra, to Involve the binomial a + 4, 
or raife its powers. 


a+b « - - - ft power, or root 

















a+ & 
a+ ab 
+ ab + B 
at + 2ab = - - 2d power 
a+ 6, 
a + 27h + 20h? 
+ ath + al* + 53 
a3 + 30%) + 3ab? + 43 + 3d porwer 
at & 





at + 3035 4+ 3a7b? + ab3 
+ 3b + 30% + 3ab3 +. 36 














at + qasl +- 6a%b* 4+ gal3 + 6+ 4th power 

And in like manner for any other quantities, what- 
ever the number of their terms may be. But compound 
algebraic quantities are beft involved by the Binomtau 
Theorem ; which fee. 

Simple quantities are Involved, by raifing the numeral 
coefficients to the given power, and the literal quanti- 
ties are raifed by multiplying their indices by that of 
the root ; that is, the raifing of powers is performed 
by the multiplication of indices, the fame as thy multi- 
plication of logarithms. Thus, 

The 2d power of a is a*, 

The 2d power of 2a? is 2%a* X * or gat: 

The 3d power of 3a*J3 is 274°, 

fae 
The 3d power of.a7b* is alee, 
ee 

The athpower of a™cP is a™P™ or a™P 

INWARD Flanking Angle, in Fortification, is that 
made by the curtin and the razant flanking line of 
defence, 

JOINTS, in Architefture, are the feparations be- 
tween the ftones or bricks ; which may be filled with 
mortar, plafter, or cement. 

Joint, in Carpentry, &c, is applied to feveral man- 
ners of aflembling, fetting, or fixing pieces of wood to- 
gether. As by a mortife Joint, a dove-tail Joint, &e. 

Univerfal Joint, in Mechanics, an excellent inven- 
tion of Dr. Hook, adapted to all kinds of motions and 
flexures ; of which he has given a large account in his 
Cutlerian Lectures, printed in 1678. This feems to 
have given occafion to the gimbols ufed in fufpending 
the fea compaffes ; the mechanifm of which is the fame 
with that of Defaguliers’s rolling lamp. 

Jount-Lives, are fuch as continue during the fame 
time, or that exift together. See Lirs-Annuities. 

JOISTS, or Joysrs, thofe pieces of timber framed 
into the girders and fummers, and on which the board- 
ing of floors is laid. 

« JONES (Wittiam), F.R. Sia very eminent 
mathematician, was born at the foot of Bodavon moun- 
tain [Mynydd Bodafon] in the parifh of Llanfihangel 
tre’r Bard, inthe Ifle of Anglefy, North Wales, in 
the year 4675. His father’s name was John George, 
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his furname being the proper name of his father. For 
it is a cuftom in feveral parts of Wales for the proper 
name of the father to become the’ furname of his chil- 
dren, John George the father was commonly called 
Sion Siors of Lianbabo, to which place he moved, and 
where his children were brought up. Accordingly our 
author, whofe proper name was William, took the fur- 
name of Jones from the proper name of his father, who 
was a farmer, and of a good family, being defcended 
from Hwfa ap Cynddelw, one of the 15 tribes of. 
North Wales. He gave his two fons the common 
fchool education of the country, reading, writing, and 
accounts, in Englith, andthe LatinGrammar. Harry 
his fecond fon took to the farming bufinefs; but Wil- 
liam the eldeft, having an extraordinary turn for mathc- 
matical ftudies, determined to try his fortune abroad 
from a place where the fame was but of little fervice to 
him. He accordingly came to London, accompanied 
by a young man, Rowland Williams, afterwards an emi. 
nent perfumer in Wych-ftreet. he report in the 
country is, that Mr. Jones foon got into a merchant's 
counting houfe, and fo gained the efteem of his matter, 
that he gave him the command of a hip for a Weft In- 
dia voyage ; and that upon his return he fet upa mathe- 
matical {chool, and publithed his book of Navigation ; 
and that upon the death of the merchant he married his 
widow : that, lord Macclesfield’s fon being his pupil, he 
was made fecretary to the chancellor, and one of the 
deputy tellers of the exchequer :—and they have a ftory 
of an Tealian wedding which caufed great difturbance in 
lord Macclesfield’s family, but was compromifed by Mr. 
Jones; which gave rife toa faying, chat Macclesfield 
was the making of Jones, and tones the making of 
Macclesfield.” ‘The foregoing account of Mr, Jones, 
I found among the papers of the late Mr. John Robert- 
fon, librarian and clerk to the Royal Society, who had 
been well known to Mr. Jones, and poffeffed many of 
his papers. 

Mr. Jones having by his induftry acquired a compe- 
tent fortune, lived upon it as a private gentleman for 
many years, in the latter part of his life, in habits of in- 
timacy with Sir Ifaac Newton. and others the moft emi- 
nent mathematicians and philofophers of his time ; and 
died July 3, 1749, at 74 years of age, being one of the 
vice-prefidents of the Royal Society ; leaving at his 
death one daughter, and his widow with child, which 
proved a fon, who is the prefent Sir William Jones, 
now one of the judges in India, and highly efteemed for 
his great abilities, extenfive learning, and eminent pa- 
triotifm. Mr. Jones’s publications are, 

1, A new Compendium of the Whole Art of Naviga- 
tion, &c ; in {mall 8vo, London, 1702. ‘Thisis a neat 
little piece, and dedicated to the Rev. Mr. John Harris, 
the fame I believe who was author of the Lexicon 
Technicum, or Univerfal DiGionary of Arts and Scie 
ences, in whofe houfe Mr. Jones fays he compofed his 
book. 

2. Synopfis Palmariorum Mathefeas : Or a New In- 
troduction to the Mathematics, &c; 8vo, London, 1706, 
Being a very neat.and ufeful compendium of all the 
mathematical fciences, in about 300 pages. 

His papers in the Philof. Trani. are the followin gt 

3- A Compendious Difpofition of Equations for ex- 
ue the relations of Goniometrical Lines; vol. 44s 

- 560. 
, 4Nz2 
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4. A Tra on Logarithms ; vpl. 61, pa. 455. 

“s. Account of the perfon killed by lightning in 
Tottenham-Court-Chapel, and its effets on the-build- 
ing; vol. 62, pa. 13m s 2 

6, Properties of the Conie SeGtions, deduced by a 
compendious‘method ; vol. 63, pa. 340. 

In all thefe works of Mr. Jones, ‘a remarkable. neat- 
nef, brevity, and accuracy, every where prevails. He 
feemed to delight in a very fhort and comprehenfive 
mode of Eprelicn and arrangement ; in fo much that 
fometimes what he has contrived to exprefs in two or 
three pages, would occupy a little volume in the ordi- 
nary ftyle of writing. © : 

Mr. Jones it is faid poffeffed the beft mathematical i- 
brary in England ; fcarcely any book of that kind but 
what was there to be found. “He had colle&ted alfo a 
great quantity of manufcript papers and letters of for- 
mer mathematicians, which have often proved ufeful to 
writers of their lives, &c. 
difperfed, and fell into different perfons hands ; many of 


them, as well as of Mr. Jones’s own papers, were pof-. 


feffed by the late Mr. John Robertfon, before mentioned, 
at whofe death I purchafed a.confiderable quantity of 
them.” From fuch collections of thefe it was that Mr. 
Jones was enabled to give that firft and elegant edition, 
in 40, 1711, of feveral of Newton’s papers, that might 


otherwife have been loft, intitled, sAnalyfis per quantita. 


tum Seriet, Fluxiones, ac Differéatias = cum Enumeratione 
Linearum Tertii Ordinis. 

IONIC Coalwun, or Order, the 3d ofthe five orders, 
or columns, of ArchiteGture. The firft idea of this order 
was given by the people of Ionia; who, according to Vi- 
truvius, formedit on the model of a young woman, drefled 
in her hair, and of an ealy elegant fhape, as the Doric 
had been formed on the sider oF a ftrong robuft man. 

“his ¢dlumn is a medium between the maffive and the 
more delicate orders, the fimple and the rich. It is dif- 
tinguifhed from the Compofite, by having none of the 
leaves of acanthus in its capital; and from the Tufcan, 
Doric, and Corinthian, by the volutes, or rams horns, 
which adorn its capital; and from the Tufcan and 
Doric too, by the channels, or fluting, in its fhaft. 

The height of this’column is. 18 modules, or 9 dia- 
meters of the column taken at the bottom: indeed at 
firft its height was but 16 modules ; but, to render it 
more beautiful than the Doric, its height was aug- 
mented by adding a bafe to it, which was unknown in 
the Doric. M. le Clerc makes its entablature to be 
4 modules and 10. minutes, and its pedeftal 6 modules; 
fo that the whole order makes 28 modules -ro minutes, 

JOURNAL, in Merchants Accounts, isa. book 
into. which every particular article is poited out of the 


Watte-hook, according to the order of time, {pecify- - 


ing the .debtor and ereditor in. each account and 
tranfaction. ‘ 

Journat, in Maritime Affairs, is a regifter kept by 
the pilot, and others, noticing every thing that hap- 
pens to the fhip, from day to day, and from hour to 


hour, with regard to the winds, the rhumbs or courfes, | 


the knots or rate of running, the rake, foundings, aftro- 
nomical, obfervations,.for the latitudes and longitudes, 
&c; to enable them to adjuft the reckoning, and-de- 
termine the place where the thip is. 

In all fea Journals, the day, or what is called the 
24 hours, is divided into twice 12 hours, thofe before 
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noon marked A. M. for ante meridiem, and thofe from 
noon to midnight marked P.M. poi meridiem, or 
afternoon, 7 

There are various ways of keeping a fea Journal, 
according to the different notions of mariners con- 
cerning the articles that are to be entered. Some 
writers dire€t the keeping fuch a kind of Journal as is 
only an abftra& of cach day’s tranfaGions, {pecifying 
the weather, what fhips dr lands were feen, accidents , 
on board, the latitude, longitude, meridional diftance, 
courfe, and run: thefe particulars are to be drawn 
from the fhip’s log-book, or from that kept by the 
perfon himfelf. Other anthors recommend the keep- 
ing only of one account, including the log-book, and 
all the work of each day, with Be deductions drawn 
from it. 

Journax is alfo ufed for the title of feveral books 
which come out at ftated times ; and give accounts and 
abftraGts of the new books that are publithed, with the 
new improvements daily made in arts and {ciences. 

The firft Journal of this kind-was, the Journal des 
Sgavans, printed at Paris :-the defign. was fet om fact 
for the eafe. of fuch as are too bufy, or too lazy, to 
read the entire books‘themfelves, It feems an excellent 
way of fatisfying a man’s curiofity, and becoming 
learned upon eafy terme: and fo ufeful has it been 
found, that it has been executed in moft other coun 
tries, though under a great variety of titles. 

Of this kind are the AGa Eruditorum of Leipfic 3 
the Nouvelles de la Republique des lettres of Mr. 
Bayle, &c; the Bibliotheque Univerfelle, Choifie, et. 
Ancienne et Moderne, of M. le Clere ; the Memoirs 
de ‘Trevoux, &c. In 1692, Juncker printed in Latin, 
An Hiftorical Treatife of the Journals of the Learned, 
publifhed in the feveral parts of Europe; and Wolfius, - 
Struvius, Morhoff, Fabricius, &c, have done fomething’ 
of the fame kind. 

The Philofophical Tranfadtions of London; the 
Memoirs of the Royal Academy of Sciences; thofe 
of the Academy of Beles Lettres; the Mifcellanea 
Nature Curioforum ; the Experiments of the Acades 
my del Cimento, the A&a Philo-exoticorum Nature et 
Artis, which appeared from March 1686 to April 
1687, and which are a hiflory of the Academy of 


_ Breffe ; the Mifcellanea Berolinenfia, or Memoirs of 


the Academy of Berlin; the Commentaries of the 
Academy of Peterfburgh; the Memoirs of the Inftitute 
at Bologna; the A@a Literaria Sueciz ; the Memoirs.of 
the Royal Academy of Stockholm,-begun in 1740 5 
the Commentarii Societatis Regie Gottingenfis, began 
in 1750, &c, &c, are not fo properly Journals, though . 
they.are frequently ranked in the number. 

Juncker and Wolfius give the honour of the firft 
invention of Journals to Photius. His Bibliotheca, 
however, is not altogether of the fame nature with the 
modern Journals; nor was his defign the fame. It 
confifts of abridgments, and extraéts of ‘books which 
he had read during his embaffy in Perfia. M. Salo 
firt began the Journal des Sgavans at Paris, in 1665, 
under the name of the Sieur de Hedonville ; but his 
death foon after interrupted the work. The abbé 


. Gallois then took it up, and he, in the year 1674, 


gave way to the abbé de Ia Roque, who continued it 
nine years, and was fucceeded by M. Coufin, who car- 
ried it on till the year 1702, when the abbé* Bignon 

a inftituted, 
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inflituted a new Society, and committed the care of 
contiauing the Journal to them, who improved and 
publifhed it under a new. form. This Society is fill 
continued, and M. de Loyer has had: the infpeétion of 
the ‘Journal; which is no longer the work of any 
fingle author, but of a great number. ~ 
"Lhe other French Journals are the Memoirs and Con- 
ferences of Arts and Sciences, by: M. Dennis, during 
, the years 1672, 1673, and 1674; New Difcoveries in- 
all the parts of Phyfic, by M. de Blegny ; the Journal 
of Phyfic, begun in 1684, and fome others, difcontinued 
almott as foon as begun. a te 
Rozier’s Journal de Phyfique, begun in July 3791, 
and continued, till in the year 1780, t were IQ vols, 
UUtO. ‘ 
‘The Nouvelles dela Republique des Lettres, News 
from the Republic of Letters, were begun by M. Bayle 
in 1684, atid: carried on by him tilf the year 1687, 
when M. Bayle being difabled by ficknefs, his friends, 
M. Bernard and M. de la Roque, took them up, and 
continued them till 1699. After an interruption of 
nine years, M. Bernard refiumed the work, and con- 
tinned it till the year 1710. The Hiftory of the 
Works of the Learned, by M. ‘Bafhage, was begur’ 
in the year 1686, and ended-in “1710. The Uni- 
verfal Hiftorical’ Library, by M. Ie Clerc, was con- 
tinued to the year 1693,.and contained twenty-five: 
volumes. The Bibliotheque Choifie of the fame: au- 
thor, began in 1703. ‘The Mercury of Franee is one 


of the moi ancient Journals of that couatwy;-bnd is 
fe Hiery” 


continued by. different hands : the Memoire of a, 
of Sciences and Arts, ‘ufually calltd Memoires des 
‘Trevonx, from the place where they are printed, began 
in yor. » The Effays of Literatare reached but to a 
twelfth volume in 4702, 1708, and 1704; thefe only 
take notice of ancient authors. ‘Fhe Journal Literaire, 
by Father Hugo, began and ended in 1705. At 
Hamburgh they have made two attempts for a French 
Journal, but the defign failed: an Ephemerides 
Scavantes has alfo been undertaken, but that foon dif- 
appeared. .A. Journal des Scavans, by M. Daitis, 
appeared in-1694,-u0g was dropsthe-year following. 
That of M. Chauvin; begun at Berlin fn 1696, held 
out three: years; and an effay of the fame kind wat 
made at Geneva. ‘fo thefe may be added, the Journal 
Literaire begun at the Hague 1745, and that of Ver- 
dun, and. the Memoires Literaires de la Grande 
Bretagne by M. de la Roche ; the Bibliotheque An- 
gloife, and Journal Britannnique, which are confined: 
to Engtith books alone, The Italian Journals are, 
that of abbot Nazari, which lafted from 1668 to 1681, 
and was printed at Rome. ‘That of Venice began in 
1671, and ended at the fame time with the other: the 
authors were Peter Moretti, and Francis Miletti. The 
Journal of Parma, by Roberti and Father Bacchini, 
was dropped in 1690, and refumed again im 1692. 
The Journal of Ferrara, by the abbé de la-Torre, 
began and ended in 1691.-'La Galerio di Minérva, 
begun in 1696, is the work of a Society of men of 
letters. Seignior Apoitelo Zeno, Secretary to that 
Society, began another: Journal in +710, under the 
protedtion of the Grand Duke: it is printed at Venice, 
and feveral perfons of diftin@ion have a hand in it. 
The Fafti Euriditi della Bibliotheca Volante, were 
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publifhed at Parma. -There has appear d fince, in 
Ftaly, the Giornale ‘dei Letterati. r . 
‘The principal among the Latin Journa’s, is that of 
Leipfic, under the title of A@a Eraditoi~ n. Legun in 
1682: P. Pi Manzani began another at’ uma. The 
Nova-Literaria Maris Balthicilaited feo, 298 to 1708. 
The Nova Literaria Germaniz, colle€ted at Hamburgh, 
began in 1703. The Aéta Literaria ex Manufcriptis, 
and the Bibliotheca curiofa, begun in 1705, and ended 
in 1707, are the work of Struvius: Meff. Kufter and 
Sike, in 1697, began a Bibliotheca Novorum Libro-' 
rum, and continued it fortwo years. Since that time, 
there have been many Latin Journals; fuch, befides’ 
ethers, is the Commentarii de Rebus in Scientia Na- 
turali et Medicina geftis; by M. Ludwig. The Swifs 
Journal, called Nova‘ Literaria Helvetie, was begun 
in 1702, by M. Scheuchzer; and the AGa Medica 
Hafnenfia, publifiéd by T. Bartholis, ‘inake five vo- 
lumes from the year 1671 to 1679. There are two 
Low-Dutch Journalaj:the one under the title of 
Boockzal van Europe ; it was begun at Rotterdam in 
1692, by Peter Rabbus ; and continued from 1702 to 
to #708, by Sewel and Gavern: the other was done by: 
.a: phyfieian, called Ruiter, who -began it in 1710. 
The German Journals of beft note are, the Monath- 
lichen: Unterredungen, which. continued from 1689 to 
3698. Fhe Bibliotheca Curiofa, began in 1704, and end- 
ed'iw' 1704; both by M. Penzel. The Magazin d’Ham- 
bourg, begun in 1748: the Phyficalifche Beluftigunzen, 
o¥ Philofophical Amufements, begun at Berlin m 1751. 
The Journal of Hanover began in 1700, and continued 
for two years by M. Eccard, under the direction of 
M. Leibnitz, and afterwards carried on by others. 
The ‘Theological Journal, publifhed by M. Letcher; 
under the title of Altes und Neues, that is, Old and 
New. A’ third at Léipfic and Francfort, the authors 
Meff. Waltérck, Kraufe,'and Grofchuffius; and 2 
fourth at Hall, by M. Turk. ; 
: The Englifh Journals ate, The Hiftory of the Works 
of the Learned, begun at London in 1699. Cenfuta 
Temporum, in 1708. About the fame time there ap« 
peared two new ones, the one under the title of Me- 
moizeof Literature, containing little more than an Eng 
ith tranflation of fome articles in the foreign Journals, 
by M. dela Roche; the other a colle@tion: of loofe 
traéts, entitled, Bibliotheca curiofa,.or a Mifcellany. 
Thefé, however, with fome gthers,. are now no more, 
but are fucceedéd by thé Annual Regifter, which began 
in 17583 the New Annual Regifter, begun in 1780 5 
the Monthly’Review, which began in the year 1749, 
and gives a tharaéter ‘of all Englith literary publica- 
tions, with the moft confiderable of the foreign’ones : 
the Critical Review, which began in 1756, and’ is 
nearly on the fame plan: as alfo the London Review, 
by Dr. Kenrick, from 1775 to 17803 Maty’s Review, 
from Feb. 1782 to Aug. 1786; the Englith Review. be- 
an in Jan. 1783 ; and the Amalytical Review, begin in 
ay 1788, and ftill continués with much reputatjon. Be- 
fides thefe, we have feveral monthly pamphlets, called 


T'Séries 


Magazines, which, together with a chronological 


_ of occurrences, contain letters from correfpondents, coms 


municating extraordinary Bfcoveries in nature and art, 

with controverfial pieces on alf fubje@ts. Of thefe, the 

principal are‘thofe called, the Gentleman’s eas 
whic 


IRR 


which begia with the year 17431; the London Ma- 
gazine, wh cn “began a few months after, and has 
lately been difcontinued; the Univerfal Magazine, 
awhich ¢s,nea lv of as old a date. 

TRIS, a ‘her name for the Raixsow 3 which fee. 

Tris alfo notes the ftriped variegated circle 
round the popu .t the eye, formed of a duplicature 
-of the uvea. 

In different fubje€ts, the Iris is of feveral very differ- 
ent colours; whence the eye is called y, or black 
-&e, In its middle is a perforation, through which 
‘appears a {mallblack fpeck, called the fight, pupil, or 
apple of the eye, round which the Iris forms a’ ring. 

Irts_is allo applied to thofe changeable colours, 
which fometimes appear in the glafles of telefcopes, 
microfcopes, &c; fo called from their fimilitude to a 
rainbow. 

The fame appellation is alfo given to that coloured 
{petrum, which a triangular prifmatic glafs will proje& 
ona wall, when placed at a proper angle in the fua-, 
beams. 

Iris Marina, the Sea-Rainbow. This elegant ap- 
‘pearance is generally {een after a violent ftorm, in whick 
‘the fea water has been in vait emotions. The ce-, 
Jeftial rainbow however has great advantage over the 
marine one, in the brightnefs and variety of the colours, 
and in their diftingtnefs one from the other; for in 
the fea-rainbow, there are fearce any other colours 
than a duiky yellow on the part next the fan, and a 
pale green on the oppofite fide. The other colours 
are not fo bright or fo diftin@ as to be well determin. 
ed; but the fea-rainbows are more frequent and more 
numerous than the others: it is not uncommon to fee 
20 or 30 of them at a time at noon-day. 

IRRATIONAL Numbers, or Quantities, are the fame 
vas furds, or fuch roots as cannot be accurately extratted, 
‘being inconimenfurable to unity. See Surps. 

IRREDUCIBLE Ca/, in Algebra, is ufed: for 
that cafe of cubie equations where the root, according 
to Catdan’s rule, appears under an impoffible or ima- 
git form, and yet is real. “Thus, in the equation 
x3— 15x =: 4, the root, according to Cardan’s rule, 
will be x = 3/24+,/—121 + V2=,/—121, which, 
is in the form of an impoflible expreflion, and yet it 
is equal to the quantity 4 : : : 

















for Vig/ 121 = 2 +V-1, 
and Vio fiz, =2—~/—tI, 





therefore there fum is an 
The other two roots of the equation are alfo. real. 

Algebraifts, for almoft three centuries, have. in vain 
endeavoured to refolve this cgfe, and to bring it under 
a real form; and the problem is not lefs celebrated 
among them, than the fquaring of the circle is among 

reometricians, 

It is to be obferved, that, as in fome other cafes of 
cubic equations, the value of the root, though rational, 
is found under an irrational or furd form; becaufe 
the root in this cafe is compounded of two equal furds 
with contrary fign$, which deftroy each other; as if 
wt eab/3t nm ey x= 4. In like manner, 
in the Irreducible cafe, where the root is rational, 
there are two equal imaginary quantities, with con- 
trary figns, joined to real quantities ; fo that the ima- 
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ginary quantities deftroy each other; as in the cafe 
above of the root of the equation a3 — 1g =4, which 
waa found tobe 2+ f—1+2— /f—1 =< 4, 

It is remarkable that this cafe always happens, viz- 
one root, by Cardan’s rule, in an impoflible form, 
whenever the equation has threé real roots, and no im- 
poflible ones, but at no time elfe, 

If we were poffeffed of a general rule for accurately 
extraGting the cube root of a binomial radical quan- . 
tity, it is evident we might refolve the Irreducible cafe 
generdily, which confifts of two of fuch cubic bino- 
mial roots. But the labours of the algebraifts, from 
Cardan’s down to-the prefent time, have not been able 
to remove this difficulty. Dr. Wallis thought that he 
had difcovered fuch a rule; but, like mo others, it 
is merely tentative, and can only fucceed in certain par- 
ticular circumftances. . 

Mr. Maferes, curfitor baron of the exchequer, has 
lately deduced, by a long train of algebraical reafon- 
ing, rom Newton’s celebrated binomial theorem, an 
dnfinite feries, which will refolve this cafe, without any 
anention -of either impoffible or negative quantities, 
And I have alfo difcovered feveral other feries which 
will do the fame thing, in all cafes whatever; both 
inferted in the Phil. Tranf. See Cardan’s Algebra; the 
articles Algebra, Cubic Equations ; Wallis’s Algebra, 
chap. 48 ; De Moivre in the Appendtx to Sanderfou’s 
Algebra, p. 7443 Philof. Tranf. vol. 68, part 1, art. 
42; and vol. 70, p. 387. 

IRREGULAR, fomething that deviates from. the 
‘common forms or rules. Thus, we fay an Irregular 
fortification, an Irregular building, &c. : 

Irrecuiar Figure, in Geometry, whether plane or 
folid, is that whofe fides, as well as angles, are not all 
equal and fimilar among themfelves. a 
Pin ie aerobic in the Moon's motion. 

ON. 

ISAGONE, in Geometry, is fometimes ufed for 
a figure confifting of equal angles. 

ISLAND, or Isigy a traét of dry land encompaffed 
by water; whether by the fea, a river, or lake, &c. 
In which fenfe Ifand ftands co; tradiftinguifhed from 
Continent, or terva firma ; like Gieit Britain, Ireland, 
Jerfey, Sicily, Minorca, &c. 

» Some naturaliits imagine that Iflands were formed 
at the deluge: others think they have been rent and 
feparated from the continent by violent ftorms, inun- 
dations, and earthquakes ; while others are thrown up 
by volcanoes, or otherwife grow or emerge from the fea, 

Varenius thinks moit oF thefe opinions true in fome 
inftances, and believes that there have been Iflands 
produced each of thefe ways. St. Helena, Afcenfion, 
and other fleep rocky Iflands, he fuppofes have be- 
come fo, by the fea’s overflowing their neighbouring 
champaigns. By the heaping up huge quantities of 
fand &c, he thimks the Iflands of Zealand, Japan, 
&c, were formed : Sumatra and Ceylon, and mott of 
the Eaft India: Iflands, he rather thinks were rent off 
from the main land, as England probably was from 
France. It is alfo certain that fome have emerged 
from the bottom of the fea ; as Santorini formerly, and 
three.other Ifles near it lately ; the laft in 1707, which 
rofe from the bottom of the fea,-after an earthquake ; 
the ancients had a tradition that Delos rofe from the 

* bottom 


See 


Iso 


bottom of the fea ; and Seneca obferves that the Tfland 
Therafia, rofe out of the Aigean fea in his time, of 
which the mariners were eye witneffes; as they have 
been within thefe 10 years, in the fea between Norway 
and Iceland, where an Ifland has juft emerged. The 
Tate circumnavigators too have made it probable, that 
many of the South-fea Iflands have had their founda- 
tions, of coral rock, gradually increafing, and growing 
out of the fea, 

ISLES, ov rather Ailes, in Archite€ture, the fides 
or wings of a building. . 

ISOCHRONAL, or Isocuaonous, is applied to 
fuch vibrations ofa pendulum as are performed in equal 
times, Of which kind are all the vibrations of the 
fame pendulum ‘in a cycloidal curve, and in a circle 
nearly, whether the arcs it defcribes be longer or 
Shorter ; for when it defcribes a fhorter arc, it moves 
fo much the flower; and when along one, propor- 
tionably fatter. 

Isocuronar Line, is that in which a heavy body is 
fuppofed to defcend with a uniform velocity, or without 
any acceleration, . 

Leibnitz, in the A@. Erud. Lipf. for April:1689, 
has a difcourfe’on the Linea Ifochrona, in which he 
fhews, that a heavy body, with the velocity acqnized 
by its defcent gin any height, may, defcend from the 
fame point-by an infinite number of Mochronal curves, 
which are all of the fame fpecies, differing from one 
another only in the magnitude of their parameters (fuch. 
as are all the quadratocubical paraboloids),’and confe- 
quently fimilar to one another. 
find a line, in which a heavy body defcending, hall re- 
cede uniformly from a given point, or approach uni- 
formly to. its. , 

ISOMERIA, in Algetira, a term of Vieta, de- 
noting the freeing an equation from fra@tions ; which 
is done by reducing all the fraétions to one common de- 
nominator, and then multiplying each member of the 
equation by that common denominator, that is rejecting 
it out of them all. 

ISOPERIMETRICAL Figures, are fuch as have 
equal perimeters, or circumferences. 

It is demonitrated in geometry, that among Hoperi- 
metrical figures, that is always the greateft which con- 
tains the moft fides orangles. From whence it follows, 
that the circle is the molt capacious of all figures which 
have the fame perimeter with it. 

That of two Ifoperimetrical ‘triangles, which have 
the fame bafe, and one of them two fides equal, and 
the other unequal ; that is the greater whofe fides are 
equal, 

That of Tfoperimetrical figures, whofe fides are equal 
in number, that is the greateit which is equilateral, and 
equiangular. And hence arifes the folution of that 
popular problem, To make the hedging or walling, 
which will fence in a certain given quantity of land, 
alfo to fence in any other greater quantity of the fame. 
For, let + be one fide of a:reGtangle. that: will contain 


the quantity aa of acres; then will.“ beitsother fide, 
x 


and double their fum, viz, 2¢ + ee will be the 
oe 


Ps 
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He fhews alfo, how to. 


Iso 
- perimeter of the re@tangle: let alfs 2! * any greater” 
number of acres, in the form of a {c 1en is 6 one 
fide of it, and 44 its perimeter, why aft F. equal 


to that of the reGtangles; and henge '. equation 


2aa 
2x4 
* 





= 46, or a* + at +--+ awhich qua- 
dratic equation the two roots arex = 6k J — a, 
which are the lengths of the two dimenfions of the 
reGtangle, viz, whofe area 8? is in any proportion lefs 
than the {quare a, of the fame perimeter. As, for ex- 
ample, if one fide of a fquare be 10, and one fide of a 
rectangle be 19, but the other only 1; fuch fquare and 
parallelogram will be Moperimetrical, viz, each perime- 


‘ter 40; yet the area of the fquare is 100, and of the 


parallelogram only 19. 

Loperimetrical lines and figures have preatly engaged 
the attention of mathematicians at all times, The sth 
book of Pappus’s ColleGions is chiefly upon this fub- 
jets where a great variety of curious and important 
properties are demonttrated, both of planes and folids, 
fome of which were then old in his time, and many new 
ones of his own. Indeed it feems he has here brought 
together into this book all the properties relating to 
Hfoperimetrical figures. then known, and their different 
degrees of capacity. . . 

‘The analyfis.of. the general'problem concerning fi- 

urts that, among all thofe of the fame perimeter, pro- 

ice maxima and minima, was given by Mr. James Ber- 

noulli, from computations that involve 2d and 3d 
ffuxions. And feveral enquiries of this nature have 
been fince profecuted in like manner, but not always 
with equal fuccefs. Mr. Maclaurin, to vindicate the 
doétrine of fuxions from the imputation of uncertainty; 
or obfcurity, has Mluftrated this fubjec, which is confi- 
dered as one of the moft abftrafe parts of this doétrine, 
by giving the refolution and compofition of thefe 

roblems by firft fluxions only ; and in a manner that 
uggefts a fynthetic demonttisti ny ferving to verify 
the folution. Sce Maclauyin’s Fluxions, p. 4865 
Analyfis Magni problematis Lfoperimetrici A&. Erud, 
Lipf. 1701, p. 213 ; Mem, Acad. Scienc. 1705, 1706, 
1718 ; and the works of John Bernoulli, tom. 1, 
Pp. 202, 208, 424, and tom. 2, p. 235 ; where is con- 
tained what he and his brother James publithed on this 
problem. Mr. John Bernoulli, in his firft paper, con- 
fidered only two fmall fucceffive fides of the curve 5 
whereas the true method of refolving this problem in 
general, requires the confidering three fuch {mall 
fides, as may. be perceived by examining the two folu- 
tions. - 
M. Euler has alfo publifhed, on. this fubje€, many 
profound refearches, in the Peterfburg commentaries ; 
and there was printed at Laufanne, in 1744, a pretty 
large work upon it, intitled, Methodus inveniendi lineas . 
curvas, maximi minimive proprietate gaudentes: five 
Solutio problematis Ifoperimetrici in. latiffimo fenta 
accept. ~ ra 

M. Cramer too, in the Berlin Memoirs for 1952, has 
given a paper, in which he propofes to demonitrate in 
general, what can be“demonflrated only of regular fi- 
gures.inthe elements of geometry, viz, that the circle - 
1s the greateft of all Moperimetrical figures, regular or 


Orn. 


_ irregular, 


JWEL 
> On thir “ “4, fee allo Simplon’s TraQs, p.ig8 ; ° 


and the P “rial. vol. 4g and s0.0:0: : 4 
ISsc. ° Triongle, is a wiangle that has two 
fides equ.’ In the sh, prop. of: Eudlid’s rf book, 


which pre. ME afually called the Pons Afiiorum, or 
Affes bridg&,”: 1s Gemonifrated, . 
thet the angles, a and 4, at the? 
Bafe of the diatecles triangle, are 
equal to each other; and this if 
the equal fides: be produced, the 
two ‘angles,’c and d, below the 
bafe, will alfo be equal. It’ is 
alfo inferred, that every equila- 
teral triangle is alfo equiangular. 
Other properties of this figure 





- are, that the perpendicular AP, from the vertex to the; 
hafe, bifeéts the bafe, the vertical angle, and alfo the - 


whole triangle. And that if the vertical angles of two 
Tfofceles triangles be equal, the two triangles will be 
equianguldar. B 

ISTHMUS, in Geography, a narrow veck or flip 
of land, that joins two gther large tratts together, and 
feparating two feas, or two parts of the fame fea. 

The moft remarkable Ithmufes are, that of Panama 
or Straits of Darien, joining north and foath America; 
that of Suez, which conneéis Afia and Africa ; that of 
Corinth, or Peloponnefus, in the Morea; tliat of Crim 
Tartary, otherwife called Taurica Cherfonéfns ; that 
of the peninfula Romania and Eviffo, ‘or the Ifthmus of 

. the "Thracian Cherfongfus, 12 furlongs broad, and 
which Xerxes undertook to cut through. The An- 
cients had feveral defigns of cutting the Ithmus of 
Corinth, which is a rocky hillock, “about 10 miles 
cover; but without effeét, the invention of fuices being 
not then known. There liave alfo been attempts for 
cutting the Ithmus of Suez, to make'a communication 
between the Mediterranean and the Red-fea. : 

JUDICIAL, or Jupicrary Afrrology 5 that relating 
to the forming of judgments, and making prognoftica- 
tions. See Astrorocy. ns 


nected with the Julian year and account of time; fo 
called from Julius Cafar, by whom it was eftablithed. 
See Carenpar. ; ; 

thoes Epoch, is that of the inftitution of the Julian 
reformation of the calendar, which began the 46th 
year before Chrift. 

Jucian Period, is a cycle of 7980 confecutive years, 
invented by Julius Scaliger, from whom it was named ; 
though fome fay his name was Jofeph Scaliger, and that 
it was called the Julian Period, becaufe he made ule of 
Julian years. This period is formed by multiplying 
continually together the three following cycles, ‘viz,* 
that of the fun of 28 years, that of the moon of 19 
years, and-that of the indiGion of rg years; fo that 
this epoch, although but artificial or feigned; is yet of 
rood ufe ; in that every year within the period js dif- 
tinguifiable by a cestain peculiar charaéter; for the 
year of the fun, moon, and indiGién, wilf not be the 
fame again till the whole 7980 years have revolved. 
Scaliger fixed the beginning of this period 764 years 
before the creation, or rather the period naturally re- 
duces to that year, taking the numbers of the three 
given cycles as he then found them; and accounting 
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- hie of Chrift, andthe fum will -be the 


JULIAN Calendar, is that depending on, and con- - 


Jup 


39$0 years from the-crestion to the birth of Chrift, this 
tmakes the alt year of the Chriftian era -anfwer to: the 
4714th year of the Julian period ; therefore, to find the 


> year of this period, anfwering to any propofed year of 


Chrift, to the conftant number 4713, add the given 
year of the Ju- 
ian period: thus, to 4713 adding 1791, the fum 6504 
ie the year of this period for the year of Chrift 1791. 
Hence the fir revolution of the Julian period will not* 
be completed till the year of Chrift 326-; after. which a 

new revolution of this period will commence. 

But the year of this period may be found for any 
time, from the numbers of the three cycles that com- 
pole it, without making ufe of the given year of Chrift, 
thus: multiply the 

+ 
moon; 


numbers -{ 4845 
i indiétion 


4200 

6y16 | 
then add the three produéts together, arid divide the 
fun by 7980, a fhall the remainder after divifion be the 
yeat of the Julian period cotvefponding ta the ‘given 
years of the other Fires cycles, Thee fer theryenr 
1791, the years of the folar, lunar, and indiétioh cy- 
cles, are 8, 6, and 9; therefore multiplying by thefe, 
&c, according to the rule, thus* |. | 


} refpe@ively by fun, 


the year of the 


‘ iQl6 
9 


—e 


62244 


4200 





25200 
38760 
62244 


7980 ) 126204 15 
7980- 
46404. 
39900 


rethains, 6504 the year of the Jul. period. 


38760 


® 








Jurian Year, is the old account of the year, efta- 
blithed by Julius Cefar, and confifted of 365% days. 
This yéar continued in ufe in all Europe till it was fu- 
perfeded in moft parts by the new or Gregorian ac- 
count, in the year 1582. In England however it 
continued to be ufed till the year 1752, when it was 
-abolithed by aé& of parliament, and eleven days added to 
the account, to bring it up to the new flyle. In 
Raffia, the old or Julian year and ftyle are fill in 
ule, 


¢ > 
‘t2 JULY, the 7th month of the year, confifting of 31 


days ;“gbopt the 21ft of which the fun ufually enters 
vel figa'S{ leo. This month was fo named by Mark 

ntony, from Julius Czfar, who was born in this 
month. 

JUPITER, 2%, one of the fuperior planets, re- 
markable for its brightnef, being the brighteft of all, 
except fometimes the planet Venus, and is much the 
largett of all the-planets. 4 ‘ 

Pipieey is fituated between Mars and Saturn, being 


“the sth in order of the primary planets from thé fun. 


His diameter is more than 10 times the diameter of the 
earth, and therefore his magnit@- nore ghan 1000 
times. 


. JuP 


‘times. - His annual revolution about the fun, is per- 
formed in 11 years 314 days 12 hours 20 minutes 9 fe- 
conds, going at the rate of more than 25 thoufand 


miles per hour ; and he revolves about his own axis in 
the fhort {pace of g hours 56 minutes, by which his 


equatorial parts are carried round at the amazing” 


rate of 26 thoufand miles per hour, which is about 25 
times fatter than the like parts of our-earth revolve. 

+ Jupiter is furrounded by faint fubftances, called zones 
“er belts, in which fo many chauges appear, that they 
are generally afcribed to clouds : 
been firlt interrupted and broken, and then have vanifhed 
entirely, They have fometimes been obferved of. dif- 
ferent breadths, and afterwards have all become nearly 
of the fame breadth, Large {pots have been feen in thefe 
belts 5. and when a belt vanithes, the contiguous {pots 
difappear with it. ‘The broken ends of fome belts have 
often been obferved to revolve in the fame time with the 
{pote: only thofe nearer the equator in fomewhat lefs time 
than thofe nearer the polés; perhaps on account of the 
fun’s greater heat near the equator, which is parallel to 
the belts and courfe of the fpots. Several large {pots, 
which appear round at one time, grow oblong by de- 
grees, and then divide into two or three round fpots. 
‘The periodical time of the {pots near the equator is g 
hours sc miltttes, but of thofe near the poles 9 hours 
56 minutes. Ste Dr, Smith’s Optics, § 1105 and 


T1IOg. 

The axis of Jupiter is fo nearly perpendicular to his 
orbit, that he has no fenfible change of feafons ; which 
is a great advantage, and wifely ordered by the Au- 
thor of Nature. For, if the axis of this planet were 
inclined any confiderable number of degrees, jult fo 
many degrees round‘each pole would in their turn be 
‘almof 6 years together in darknefs. And, as each de- 

ee of a great circle on Jupiter contains about 706 miles, 
it is eafy to judge what valt tracts of land would be 
rendered uninhabitable by any confiderable inclination 
of his axis, : 

The difference between the equatorial and polar 
diameters. of Jupiter, is‘ upwards of 60co miles ; the 
former being to the latter as 13 ta 12: fo that his poles 
are more than 3¢00 miles nearer’ his centre than the 

_ equator is, This happens from his quick mation round 
his axis ; for the fluids, together with the light parti- 
cles, which they can carry or wath away with them, 
recede from the poles which are at reit, towards the 
equator where the motion is quickeft, until there be a 
fufficient number accumulated to make up the defi- 
ciency of gravity loit by the centrifugal force, which 
always arifes from a quick motion round an axis: and 
when the deficiency of weight or gravity of the par- 
ticles is made up by a fufficient accumulation, there 
is then an equilibrium, and the equatoricl parts rife 
no higher, : s 

Jupiter’s orbit is 1° 20" inclined to the ecliptic, The 
place of his aphelion 9° 10° of =, the place of his 
‘afcending node 7° 29° of g, and that of his fouth 
or defeending node 7° 29 of ve. The excentri- 
city of his orbit is 2, of his mean diftance from the 
un. 

The fun appears to Jupiter hut the 48th part fo 
wee as e us; and his light and heat are in the fame 

ou, I. 
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{mall proportio#, but compenfated Ly the quick ree 
turns of them, and by 4 moohs, fo ite oF oem larger 
than. our earth, which revolve abore = “that there 
is fcarce any part of this huge planet b~ iis, daring 
the whole night, enlightened by one or: ~ vt thefe 
moons, except his poles, whence 6) whe farthelt 
moons can be feen, and where thir » Not wanted, 


,becaufe the fun conflantly circulates wr or near the ho- 


rizon, and is very probably kept in view of both poles 
by the refraction of Jupiter’s atmotphere, which, if 
it be like ours, has certainly refaétive, power enough 
for that prirpofe, This planet fen from its neareft 
moon, appears 1000 titnés as large as our moon does to 
us; increafing and waneing in all her monthly fhapes, 
every 424 hours. Phei periods, diftances, in fermidia- 
meters of Jupiter, aad angles of the obits of thefe 
moons; feen from the earth are as follow: 


Periods round Dif- 











Angles of 
Ne. Jupi-er. tances. | orbits, 
I 1418" 36™ 53 3/5571" 
2 3 13:15 9, 6 14 ft 
3 7 359 | T4e | 9 58 
4 16 18 30 25t 17 30 





The three neareft moons of Jupiter fall into his 
fhadow, and are eclipfed in every revolution : but the 


orbit of the 4th fatellite is fo much inclined, that it . 


paffeth by its oppofition to Jupiter, without falling 
into his fhadow, two years in every fix. By thele 
eclipfes, aftronomers have not only difcovered that the 
fun’s light takes up 8 minutes of ttme in coming to us 5 
but have alfo. by them determined the longitudes of 
places on this earth, with greater ‘certainty and facility, 
than by any other method yet known. The outermott 
of thefe fatellites will appear near] ag large as the 
moon does tous, Sec M. Deka Place’s Theory of 
Jupiter’s Satellites, in the Memoires de P Acad. and 
in the Connoiffance des: Temps for 1792, pa 273+ 

- Though there be 4 primary plenets below Jupitcr, 
yet an eye placed on his furface would never perceive 
aey of them; unlefs perhaps as fpots paffing over the 
fun’s dife, when they happen to come between the eye 
and the fun.—The parallax of the fun, viewed from 
Jupiter, will fearce be fenfible, being not much above 
20 feconds; and the fun’s apparent diameter in Jupi- 
ter, but about 6 minutes. — Dr. Gregory adds, that an 
aftronomer in Jupiter. would eafily dittinguith two kinds 
of planets, four nearer him, viz his fatcllites, and two 
more remote, viz, the fun and Saturn : the former how- 
ever will fall vaftly fhort of the fun in brightnefs, not- 
withftanding the great difproportion in the diftances 
and apparent magnitude, 

JURIN (Dr. James), avery diftinguifhed perfon in 
feveral walks of literature, particularly#medicine, mathe- 
matics, and philofophy, which he cultivated avith equal 
fuccefs, He was fecretary of the Royal Society in 
London, as well as prefident of the College of Phyli- 


cians there, at the time of his death, which happened. 


March 22, 1750. . u 
Doétor Jurin was author of feveral ingenious compo- 
fitions; particularly * an Effay upon Diskin and fa- 


40 ditlin 
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“dittinad Vifion 3? printed at the end of the 2d volume 


of Dr. * 84m of Optics; alfo feveral contro- 
verfial 05 - aft Michellotti, upon the momen. 
tum o 183 againft Robins, upon diftin® 
vifion ~ :¥: , the partifans of Leibnitz, upon the 
forces. s odiess &e is papers inferted in 
the P° 


: are the following : 
1. On the , «-,-nfion of Water in Capillary Tubes : 
vol, 30, P. 739. 
2. Obiervations on the Motion of Running Water : 
» 748. 
- 3- On anold Roman Infcription : p- 813. 
4+ A Difcourfe on the Power of the Heart : p, 
863 and 929. 
5+ On the Specific Gravity ‘of Human Blood : 
Pp. 1000, 
5. Defence of his Do€trine of the Power of the 
fart again the Objections of Dr, Keill : p. 
10390 
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7. On the A@ion of Glafs-Tubes upon Water and 
Quickfilver P-1083. 

8. On the Specific Gravity of Solids when weighed 
in Water: vol, 31, p. 223, : : 

9. On the Motion of Running Water, againft Mi. 
chellotti : vol. 32, p. 179. 

10, Remarkable Initance of the Small-pox : vol, 325 

- TOT. ‘ 

K in Inoculated and- Natural Small-pox compared ¢ 
vol. 32, pa. 213. ~ 

12. On Meteorologicat Diaries : vol. 3 2 

13. On the Meafure and Motion of Running Wa- 
ter: vol. 41, p, 5 and 65, ‘ 

14. Meteorological Obfervationg in Charles Town : 
vol. 42, p. 491. 

15. On the A@ion of Springs: vol. 43> p. 46. 

16. On the Force of Bodies in Motion : P- 423. 

17. Dynamic Principles, or Mcteorological Princi- 
ples of Mechanics : vol. 66,.p. 103, 


END OF VOLUME x, 
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